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EPITOME

The enzyme system hyaluronic acid-hyaluronidase is of general
biologic importance since it occurs In vertebrates, insects, and
bacteria; it is thought to be part of the means whereby Cl.
perfringens type A invadéa’ animal tissue.

Hyaluronic acid may be prepared 'by digesting human umbil-
ical cords with ‘brypsin, dialyzing, filtering, and precipitating
with alecohol. It may be. further purified by redissolving, pre-
cipitating impuriti.es with barium, dialyzing and reprecipitating.

A method for the determination of uronic . acids by measure-
“ment of evolved 002 in the Van Slyke-Neill gasome‘br:.c apparatus
is described.

When hyaluronic acid 1s used as sole source of carbohydrate
in media containing vitamins, salts, and pancreatic digests of

beef or veal, Cl. perfringens (and l_)_.Eneumoniae) secrotes high

concentrations of hyaluronidase into the medium.

Hyaluronidase may be assayed by methods which measure the
rate of 1ts hydrolysis of hyaluronic acld.

Hyaluronidase is a relatively stable enzyme which may be
ultrafiltered, dialyzed, filtered, adsorbed, precipitated and
stored, with little 10‘88. It is inactivated by formaldehyde and
by X-radiation but not strongly affected by antibiotic drugs.

When injected into animals and man, hyaluronidase or formal-

dehyde treated hyaluronidase give rise to '!;ht_a production of specific
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antibodies which neutralize the in vitro action of the enzyme and,

in optimal quantities, precipitate it from solution.
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ABSTRACT

l. A good yield (4.5 - 6 grams per 100 grams of dried cords)
of white potassium hyaluronate of high viscosity (0.20% neutral
solutions were 30 - 74 times as viscous as water) was prepared
by digesting human umbilical cords with trypsin, dialyzing to
remove amino acids and other small molecules, clearing by fil-
tration under gentle suction with "Supercel™ and reprecipitating
with saturated alcoholic solution of potassium acetate. The pre-
paration contains 1.45% of sulfur and 0.09% of phosphorus. On the
assumption that hyaluronidase hydrolyzes 90% of the hyaluronic
acid present to molecules of dialyzable dimensions, the preparation
is considered as consisting of 55% potassium hyaluronate, 19%
chondroitin sulfuric acid, 0.97% nucleic acid, 6.5% unknown high
molocular weight substances, and about 19% of dialyzable salts.

The concentration of potassium hyaluronate may be raised to
70% by dialyzing the preparation, and to 88% by precipitating sul-
fonated polysaccharides and nuclelc acid with barium.

2. A short, convenientbmicro method for the determination of
galacturonic acid (and presumably of othervuronic acids) is to
hydrolyza_fhe sample for 3 hours at 130® C. with 1 N HpSO4 in a
soaled bamb ﬁpbe and subsequently to detérmine the quantitatively

evolved Coz'ﬁith the aid of a special side tube attached to the

P
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Van-Slyke-Neill gasometric apparatus. Samples are chosen so as to
evolve a convenient quantity (0.025 mM) of CO2. Any number of
samples may be hydrolyzed simultaneously, stored at room temperaturs,
and analyzed when convenient.

3. Two published methods for the assay of hyaluronidase are
described in detail and others more generally. The viscosity re-
duction method assays hyaluronidase by measuring the rate at which
it decreases the viscosity of hyaluronic acid solutions. The
mucoportein clot prevention test measures the least amount of enzymse
which in 20 minutes will hydrolyze hyaluronic acid to such an extent
that i£ no longer clots with protein on acidification.. An attempt
to find a simple straight line relation for use in the viscosity
reduction test, through manipulation of the Schiitz-Borrissov law
was not successful.: -

4. D. pneumoniae type III, CHA strain is able to produce hyal-
uronidase on a semi-synthetic casein hydrolysate medium. The hyal-
uronidase is produced as a strictly "adaptive" enzyme, none appearing
unless the specific substrate is present in the medium; the
additionnl presence of glucose reduces hyaluronidase production to
less than 1/50th of the value occurring when potassium hyaluronate
is the sole source of carbohydrate. The most rapid appearance of
hyaluronidase coincides with the disappearance of culture turbidity.
Soft X-rays are able to inactivate pneumococcus hyaluronidase.

5., VWhen potassium hyaluronate is used as sole source of carbo-
hydrate in media containing vitamins, salts, and pancreatic digests

of beef heart or veal, and incubation is continued for over 60 hours,
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Cl. perfringens type A will produce up to 1400 V.R.U. of hyaluronidase
per ml. of medium without detectable amounts of alpha antigens.
Filtrates from such cultures should be useful in serological and
immunological studies. A comparison of the hyaluronidase production
of 6 strains of Cl. perfringens type A revealed that strains BP6K,
BP366, BP364 and BG6 were good producers and that strains WX and
1508 Ad were non-producers. Added iron is necessary for best pro-
duction on casein hydrolysate media but has no effect on meat digest
media under the conditions of the experiment.

6. Two strains of Cl. septiceum were found to produce 1-10 V.R.U.
per ml., while Gebriider-Mayer yeast, an unknown species of Penicillium

glaucum, Penicillium notatum, Trichophyton interdigitale, Cl. sordelli,

Cl. novvi and B, tularensis were not found to produce hyaluronidase in
the small number of cultures tried.

7. Cl. perfringens hyaluronidase is stable to storage in the
cold or at room temperature, and to ultrafiltration, dialysis, fil-
tration through Berkfeld and Mandler candles, adsorption, evaporation,
and precipitation by alcohol. It is inactivated by X-radiation when
pure, an& by formaldehyde, but not strongly affected by most sulfone
drugs or penicillin.

8. Hyaluronidase is neutralized by specific antisera. A
non-specific serum inhibitioﬁ; occasionally present, mgé bé removed
by diluting the serum in question. Similar dilutions of specific
sera retain their neutralizing power.

The antigera particulate and flocculate with undiluted hyal=-

uronidase. The supernatant fluid at equivalence points was completely
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or almost completely free from hyaluronidase activity, indicating
that flocculation took place at or near the neutral point.

9, Vheon injected into animals and man Cl. perfringens hyal-
uronidase or formalized hyalurc;nidasa cause the appearance of
specific neutralizing antibodies in the serum of about 75% of those
treated. The highest antibody titer occurred in man, the next
highest in dogs, and, in order of descending titer, rabbits, mlce,
and guinea pigs.

10. Suggestions for future work on the various subjects
studied are included. A bibliography of 170 references and an
appendix containing 131 descriptions of published methods of

proparation of hyaluronlic acid are glven,
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I. GENERAL INTRODUCTION

Much of the work described in this thesis was done with an
immediate purpose in viewt to obtain knowledge necessary to the produce
tion of a toxold for active immunization of military persomnel against
gas gangrene. For this reason the work is, perhaps, less well rounded
then if it had been undertaken solely as an academic study. Neverthe=~
less, the scope of the research is not excessively narrow and it
embodies much of the preliminary work necessary to a more academic
inquirye.

Investigation of the enzyme system hyaluronidase~hyaluronic
acid is justified for several reasons: (a) it is intimately concerned
in the physiological problem of the permeability of the connective
tissue and probably also in oapillary permeability; (b) it is part of
the mechanism of production of such normal body secretions as the
synovial and ocular fluids and of such abnormal secretions as those
of tumors and inflamed tissue; (o) the presence of hyaluronidase at
the site of infection enhances the pathogenic effect of every infec-
tious agent, so far observed, which acts in or upon the connective
tissue; (d) the presence of hyaluronidase increases the invasiveness
of animal poisons, and (e) hyasluronidase plays a role in mammalian

fertilization.
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Connective tissue permeability

Although at one time there was a question as to whether or not
there is an intercellular ground substance in connective tissue {149,
¥l), it is now generally actepted that such a substance exists (8, 59,
103, 169), ‘The:ground substance is viscid (8, 21) and variation in this
viscidity is the main determinant of the permeability of the tissue
(39). A similar ground substance is found in the adventitia of the
blood capillaries (M, 164, 165, 170). A mucopolysaccharide currently
called hyaluronic acid (116) is the chief contributor to the viscidity
of the comnective tissue ground substance. This is disclosed by the
loss of visocosity of tissue secretions attacked by a specific hydro-
lytic enzyms called hyaluronidase (119), by'tﬁe isolation of hyaluromic
acid from viscous tissue secretions’in amounts sufficient to account
for the viscosity of the original secretion (39, 128), and by the
simultaneocus destruction of hyaluronic acid and viscosity in tissue
secretions #ttacked by hyaluronidase (18). This destruction of
hyaluronic acid results in a large increase in connective tissue
permeability (4). Hysluronidase also increases capillary permeability
(3, 38, 148),

Occurrence of Hyaluronic Acid

Hyaluronic acid has been isolated or obtained from almost every
animal tissue, from many animal secretions, and from some bacteriae. In
- the early literature it is not designated hyaluronic acid but its

presence is evident from the mode of preparation and properties of
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gubstances designated as mucoids, animal gumg, mucine, mucoitine,
glucoproteins, hyaloids, and mucoproteins. Some of these sources of
hyaluronic acid are tendon (13, 20), synovial fluid (124), vitreous
end aqueous humor (116) pleural fluid (128), edema fluid (114), fowl
end human tumor fluid (126), rabbit and pig skin (18, 24), rabbit
fascise (160), umbilical cord (122), kidney, pancreas, and liver (101),

prostate (1), and streptococcus(124),

Hyaluronidase in Infection

Hyaluronidase was first noted because of its ability to enlarge
the tissue area attacked by & given dose of virus (28, 31). Infectious
agents and their toxins do not leap from cell to cell but pervade, and
are propagated in, the intercellular ground substance which is hydro-
lyzed and made permeable by hyaluronidase,

Enchancment of infection by hyaluronidase has been shown for 12
strains of filterable virus including vaccina (30, 36, 57, 100),
vesicular stomatitis (67), rabbit fibroma (36), Rous sarcoma (36, 65),
and probably also for poliomyelitis (159); for about 50 types of
bacteria including streptococci (34) and staphylococci, both of which
have been shown to produce hyaluronidase (34, 154), tubercle bacilli
(166), pneumococcus (33), and members of the gas gangrene group such
as U. perfringens and Vibrion septique (114); and for infection of rats
with a bacillus isolated from lepers (89),

Specific antisera against the hyaluronidase produced by different
types and species of bacteria will prevent the enhancing effect
(89, 114).
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Animal Poisons

Russol's viper venom destroys hyaluronic acid (107) as do the

venom of Vipera aspis, V. ammodytes, Bothrops jaraca, Crotalus

terrificus, and many other poisonous snekes (48). This hydrolytic
power is neutralized by specific antisera. Leach head extracts also
contain hyaluronidase (48) and the enzyme has been demonstrated in bee
stings (18). Two species of scorpions show invasive power, as do
species of poisonous fish (158). A nematode, parasitic in humans,
possesses this invasive power (12) and it is present in extracts from
poisonous insects such as spiders, wasps, and mosquitoes, but not in

extracts from non-poisonous insects (37),

Hyaluronidase in Fertilization

The presence of hyaluronidase in spermatozoa has recently been
shown to bring about the dispersal of a viscous gel which surrounds the

egg of the rat, and thus to facilitate the penetration of the egg (111),.



Page 12

II. TIHE_PREPARATION OF POTASSIUM HYALURONATE
INTRODUCTION

Hyalurcnic acid is a widespread end biologically important
constituent of animal and bacterialbfissue, where it probably plays
8 protective and arﬁhitectural role (39)e Its preparation with
greater ease, in better yield, or purer form is therefore akstep
towards solution of the problem of the composition of living matter.
Further, hyaluronic acid is necessary to the preparation of the
highest yields of bacterial hyaluronidese. In this connection, the
ease of preparation of reasonable quantities of hyaluronic acid is
an important factor, since investigation of bacterial hyaluronidase
has been limited by the difficulty of obtaining adequate quantities
of substrate. The method of preparation described in the experi-
mental part of this chapter results in excellent yields of an un-
degraded, highly polymerized, purified product, suitable for use

as a carbohydrate substrate in bacterial media.

HISTORY

Orientation
Hyaluronic acid is a complex polysaccharide which occurs in
nature probably bound to protein in an easily dissociable salt

linkage (121). When so bound it falls into the group of compounds
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variously known as "mucins,” "mucoids", "hyaloid," "animal gum," or

"sinistrin;" and would be considered a prosthetic éronp in the sense in

which that term is said to have been introduced, that is, to mean the

non=-protein part of a complex protein molecule (83),.

Mucins, Mucolds, and Their Polysaccharides

In the light of retrospect it is apparent that "mucin," Vmucoid,"
"hyaldid" and similar terms found in the older literature may ‘be taken
to mean 6nly the products of genersl methods of preparation end not
definitely cheracterized chemical entities. The history of these
compounds probably begins even before 1854 when Boedeker (9) is‘aaid
to have prepared a sulfur containing carbohydrate by hydrolysis of .
cartilege. This preparation w8 probably contaminated chondroitin
sulfuric acid. Rollet (151) in 1859 was the first to show that
tendon contains mucin-like material, a finding which was verified by
Eichwald (42); Other early prepa}ations are those of Eichwald (42)

in 1865 who obtained a mucin fpom the small Helix Pomatia by methods

which would conserve hyaluronic acid or mucoitin if such were
present; of Landwlehr (77) in 1882 who obtained & purer materisl from

Helix Pomatis which he called "animal gum;" and of Hammarsten (61)

in 1888 who obtained a protein-containing mucin of low sulfur content
from submaxillary glandse The animal gum of Landwehr is of interest
as this author removed protein chemically and finally obtained a
product which exhibits one of the characteristios of the purest hya-
luronic acid made today, that is, it failed to precipitate in ethyl

alcohol without the presence of added salt. He was therefore the
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first to isolate & polysaccharide from mucin. In 1891 and 1898
Jernstrom (69) prepared “funis mucin" from umbilical cordse

C. Th. Morner (136) obtained a mucoié from vitreous humor end from
cornea in 1894, and from humsn urine in the following year (137), when
he eppears to have been the first investigator to effect a purificam=
tion by sheking the mucoid with chloroforme Folin (52) working in
Hammarsten's laboratory, published a work on animal gum in 1897, More
deteiled description of the work of these and other authors may be
found in Appendix I, where 131 publications on the preparation of
mucins are particularized.

Interest in these compounds was to some extent stimulated by the
medical practice of determining whether or not a body fluid was of
inflammatory origin by acidifying the fluid in question, usually with
dilute acetio.acid. Under this treatment exudates of secretory or
inflammatory origin were said to yield a precipitate or to become
turbid, while transudates remained clear (68, 75)., The precipitate
yielded is of a mucoid character. In this connection, it is of
interest to note that in recent times McClean (114) has shown the
presence of hyaluronio acid in edema fluid at the site of inflammation
and has noted that such edema fluid wns‘more localiz;& ﬁithin the ‘area -
of inflammation then were fluids in which the hyeluronic acid was
destroyed. Hyaluronic acid has also been found in tumor fluid (71)
and in fluid from cancernus pleura (128). In the cases of these
fluids, and of synovialdfluid (124) it is abhyaluronic acid-protein
which precipitates upon acidification and furnishes the basis for the

diagnostic teste
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A quostion which reﬁeatedly arises in dealing with the older
work and which has not entifoly vanished with the advent of modern
means of analysis is well phrased by Levene (86), He asks, "Were the
different groups of-investigators dealing with different mucoproteins,
containing different complex carbohydrates, or did the individual
workers isolate the same substance in different degrees of purity"?
For instance, van Lier (88) obtained from skin what he considered a
sulfuric ester of carbohydrate while Meyer (131) has shown that both
chondroitin sulfuric acid and hyaluronic acid are extracted together
from skine Both Landwehr (78, 79) and Schmiedeberg (152) obtained
sulfur=free substances from mucin by similar methods; the products
were called "animal gum" and "hyaloidin," respectively. From similar
mucins,uhoweier, Lévene‘(Saj?ébtgined suifuricagsteré. Other examples
might be cited, but are, perhaps, unnecessarye Appendix I contains
the details of 131 publisheé preparations’ of mucoproteins, slimes,
and complex carbohydrates, together with the analysis given by their
authors. Reference may be made to this appendix if it is desired
further to ascertain to what extent the so-called isolations overlep.
In general it may be said that, if the presence of a mixture of
complex polysaccharides is presumed in the tissue or fluid used as raw
material, then such a mixture must be presumed in the final prepara=
tion. 4 few modern authors have recognized this and effected purifi-

cation by fractionation with barium, brucine, or hyaluronidase (70,
131).



THE PREPARATION OF POTASSIUM HYALURONATE Page 16

Mucoitin Sulfuric Acid

Evidence of the nature of the carbohydrate part of mucoproteins
was built up gradually during the years 1890~1925 by the analyses of
various workers already citeds & large part of this work is to be
attributed to Levene (82). Sulfuric acid was determined as ecid=-
hydrolyzable sulfate, the acetyl radical was identified as the silver
salt, hydrolyzed and quantitatively determin@d by titration; hexo~
semine was isolated; and glucuronic acid was identified through its
p-bromphenylhydrazine derivative or as saccharic acid or other
derivative, and determined by distillation and estimation of furfural
or by the evolution of weighing of the carbon dioxide split off an
acid hydrolysis. According to Furth (55) the aminosugars in the
mucoproteins are monoacetylated.

It was found that the polysaccharides obtained could be divided
into two types: +those like chondroitin and chondroitin sulfuric
acid, and those like mucoitin and mucoitin sulfuric acid. Both the
chondroitin and the mucoitin type carbohydrates are composed of
glucurcnic acid joined to an acetylhexosamine in equimolar propore
tions, withior without one or more attached sulfate groups. In
chondroitin the hexosamine is galactosamine, in mucoitin it is gluco=

S8Ms ¢
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The formula for chondroitin sulfuric acid is generally given

(62) as:
H 0 H (o]
HC -0-S =-H HC - 0 ~-S -~ OH
; 0 | 0
HOCH HOCH
f !
HC C
{ |
HCOH HCOH
H 0o H | 0 H 0 | 0
HC - C - N - CH HO-C-N-CH
H ! H |
HC HC
' |
(0] H H
o ! H O 0 H o o ,
H-C~-C«C=«C=«C=C~-0-C~-C=-C=C=C=C=~=0
H O H H H 0O H H
H -

chondroitin sulfuric acid
In the absence of knowledge of its linkage, the formula for mucoi-
tin can be given only by extending hypothetical bonds between its cone
stituent parts. If it is assumed that mucoitin has a structure similar

to that of starch or cellulose, the formula may be represented (ﬁi) as:

HC HC
H
HCOH x HCHAQ
x HOCH 0 0 x HOCH 0 0
HC HC
HC HC
COCH H,COHx

mucoitin sulfuric acid

(the points marked x represent places where a sulfate group might be
attached)
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We are not here concerned with chondroitin, except as it may
occur as an impurity, nor are we concerned with other polysaccharides
not as yet found in sources similar to those from which mucoitin or
hyaluronic acid may be extracted. Although the possibility exists
that such substances as the various aldobionic acids may contaminate
mucoitin preparations and especially preparations of hyaluronic acid
from bacteria, such as those of Kendall (73), their presence does not
seem to have been noticed, and the contamination, if any, is not seriouse
Other probable contaminants, because of their widespread distribution in
. animal tissues, are the "blood group A" substances, generally glucos-
amine:&imgnnosides (53, 87, 149) or glucosamine gaigctoside (121).

Levene thought that all naturglly occurring mucopolysaccharides
were sulfated (84). This'idéa was feinforced by the consistency with
which he.and others were able' to approach (though not to reach)
theoretical values for sulfur in the preparations of chondroitin
sulfuric acid. Preparations of mucoitin sulfuric acid, however, gave
widely varying values for sulfur (82, 121) (Appendix I), almost all far
below the value required by a formula in which sulfate stood in 1l:1
ratio to glucosamine and glucuronic acid. In line with his belief
that natural mucopolysaccharides were'all sulfated, Levene (85) explained
the varying sulfur values by postulating a degradation of the malecule
in the course of preparation. Since some of the methods of preparation
did not seem likely to offect this degradation, he was forced to postu-
late a highly labile sulfate linkage.

There appear to be at least two reasons for the erratic sulfur

values obtained by workers during this period. One reason is the
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probable existence, unsuspected by them, of a mixture of unsulfonated
mucoitin and monos diy and trisulfonated mucoitin in the tissues (70).
Levene (85) recognized the existence of both mucoitin and mucoitin
sulfuric scid in his preparations, but thought that this mixture was
artificially created by the removal of sulfate during the process of
preparation. To further complicate matters, sulfonated polysaccharides
are said to dissolve out of tissue at a different rate from that of une
sulfonated polysaccharide, and to & varying extent, dependent upon the
"peptizing" value of the solvent (127, 136). Thus a change in the length
of time during which a tissue was extracted, & slight change in the pH
of the solvents, or the use of ammonia or urea would alter the sulfur
content of the preparation and the product would appear now to be
"degraded," now to be more "pure." Another reason for varying sulfur
values, which perhaps acoounts for the fact that Levene never prepared
a sulfur=free mucoitin is that most of his preparations involved the use
of hydrogen sulfide gas in order to remove barium or lead. Meyer (118)
has found that barium sulfide is e;tremely diffioul; to wash out from
mucopolysaccharide solutions or precipitates. The polysaccharide
apparently acts as a protective colloid and holds the barium sulfide
tenaciously. When the preparation is subsequently hydrolyzed with acid,
the barium sulfide will éﬁbear as "acid hydrolyzable" sulfates

This difficulty did not provent a correct formulation of the
constituents of mucoitin sulfuric acid, since the quantitative work
was sufficiently accurate to extablish the 1:1 ratio of the constitu-

ents, except for the varying values of sulfure
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Hyaluronic Acid

In 1934 Msyer (117) isolated & sulfur~free polysaccharide from
vitreous humor, and named in hyaluronic acid from hyaloid (vitreous)
plus uronic acid. Since that time hyaluronic acid has been found in
streptococcus (73), in umbilical cord (118), in skin (131), in cornea
(127), in tumor fluid (128), in edema fluid (124) and from similar
sources (ses General Introduction page 9 and Appendix I).

Meyer's initial isolation (151) was accomplished by precipitating
aqueous extracts of an acetone powder of vitreous humor with neutral or
acidified alcohols Analysis of 4 samples showed 10.1, 4.0, 3.5, and
1.0% of ash, respectively, and those samples with a low ash contained
only traces of sulfur, shown to be CaSO4s The method of analysis for
sulfur is not mentioned, though the demonstration of CaSO, would seem
to indicate that sulfur analysis was done upon the ash. If this was the
case it is possible that soms sulfur was lost as volafile sulfur during
the dry distillation and oxidation of the carbonaceous polysaccharide,
In this paper (151) Meyer states, "It is evident that hyaluronic acid
is not identical with what Levene and Lépez-Sfiarez (81).considored a
mucoitin sulfurioc acid prepared from vitroous'humor by alkaline treatment,
Their material contained 3.6% sulfur, while our material contains only
traces”,

In later papers Meyer (119, 120, 127) found that a pneumococcus
autolysate would hydrolyze hyaluronic acid but was without action upon

& preparation from gastric mucoss which contained soms mucoitin sulfuric

acid,
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Another difference betwsmn hyaluronic acid and mucoitin sulfuric
acid is their degree of rotation of polarized lighte For the rotation .
of hyaluronic acid various values have been given as follows, for (a)gsz
-653 =51°(118); =-51°(127); =-67.5% =74. 9°(131) =57 .2°, =55,0, =58.8°
(123); -76.8° ~70.3°, -.67.7°, -73 3°(128); =-73°, 5 3°, —16“, -77;,
-47°, -86° (73); whereas Mbyer>gives the rotation of a muooitin sulfuric
aoid which he prepared (121) as =~20.2°, to =22.2° for the acid and
=3547° for the neutralized salte | ’

Hyaluronic acid is thus seen to be distinguished from mucoitin
sulfuric acid for three reasons: (a) the absence of sulfur in the ‘
molocule, (b) susceptibility to attack by pneumococcus enzyme and, (c)
difference in specific rotation of sodium lighte These reasons for
bolieving hyaluronic acid to be different from mucoitin sulfuric acid are
however not sufficient to distinguish it from mucoitine. Each reason
will be examined in turn and its inadequacy showne

(a) The lack of sulfur in hyaluronic acid is no bar to its
identity with unsulfonated mucoitine

(b) The failure of an enzyme Bystem which attacked hyaluronic to
attack a preparation oontainiﬁg some mucoitin sulfuric acid may be due
to causes other than a fundamental difference in structure between the
two polysaccharides. Firstly, the enzyme may not attack sulfonated hya-
luronic acid, or may attack it only at a much slower rate. <hat this
latter possibility is true has been shown by Meyer (127) who found that
sulfonated hyaluronic acid is hydrolyzed at only 45% of the rate at

which the unsulfonated polysaccharide is hydrolyzed. Secondly, Meyer
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did not show that the pneumococcus enzyme, after incubation with the
gastric mucosa preparation, still retained the ability to hydrolyze hya-
luronic acid. In other words, he did not prove the absence of inhibitors,
or of foreign polysaccharides which might bind the pneumococcus enzyme
in such a fashion as to prevent its action upon the mucoitin sulfuric
acid. The gastric mucosa preparation used was admittedly impure since
galactose was obtained from it upon hydrolysise. In later papérs Meyer
(123, 131) states that gastric mucoitin sulfuric acid occurs partly as a
disulfate, and in a subsequent investigation on gastric mucosa (121) he
found that his early preparations contained various decomposition
products and that the mucoitin sulfuric acid constituted only about 35%
of the preparation. Since heparin,chondroitin sulfuric acid and gastric
mucin have been found to bind hyaluronidase and to inhibit its aoctivity
(112), and since heparin is a polysulfuric mucocitin (70), the presence
of an inhibitor in Meyer's gastric mucosa preparations must be presumed.
Furthermore, in a later publication Meyer (129) found that hyaluronidase
from Cl. Welchii would also attack mucoitin sulfuric acid. ﬁe ascribed
this effect, however, to the possible existence of a second polysacchar-
ose in the Welchii filtrate.

The specific rotation of hyalurcnic acid is reported usually as
-65°to =75°, the only report of the rotation of sulfated hyaluronic acid
(127) gives'it as =51° for the neutral salt. The same author gives a
rotation of =35,7° for'the neutral salt of mucoitin sulfuric acid.

This would beta»vaiid“pointbofidifferencqj‘ifwbothgpreparations were

pure and of the wsame deg;ee of polymerizatibn. However, no claim has
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thus far been made to preparing either of these materials in greater
than 90% puritye.

As argument for the possible ldentity of the two substances,
wo have the fact that the solubility properties of mucoitin are such as
to ensure its appearance in hyaluronic acid preparations if the presence
of mucoitin is assumsd in the vitreous humor used as a source material,
Since Levine and Mori (87) have shown the presence of mucoitin sulfuric
acid in vitreous humor, the presence of mucoitin is not unreasonable.
Not only do hyaluronic acid snd mucoitin have similar solubilities, but
they also have similar distributions in nature and the same formulae,
as far as is known. Hyaluronic acid is composed of equimolar quantie-
ties of glucosamine, glucuronic acid, and acetyl, as is mucoitin. Hya-
luronosulfate has the same constituents as mucoitin sulfuric acid (127),
Although Meyer's original preparation contained neither phosphorus nor
sulfur (117), more recent authors have not refrﬁined from designating
as hyaluronic acid preparations which contain phosphorus (108, 113),
and probably sulfur alsoe

The possibility remains, therefore, that hyaluronic acid may be

identical with mucoitin. The two substances are certainly very similar,

History of the Preparation Described

Hyaluronic acid is not attacked by commercial trypsin (120).
This fact was made use of by Robertson (150) who prepared hyaluronio
écid from purified mucoprotein by digesting the protein with trypsin.
Enzymic digestion of whole animal tissue has not been used in order to

prepare hyaluronic acid, however, probably because most investigators
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felt that the product would be too impure, The possibility that the
product could be obtained easily in high yield, and in sufficient
purity to serve as a substrate for bacterial growth, outweighed other

considerations in the present ocase.

EXPERIMENTAL

Source Materisl

Umbilicel cords were obtained as free from blood as practical
and stored under acetone. The acetone-dried cords were ground in a
meat grinder and the minced cords further dried by kneading in fresh
acetone. The groyndd tissue was then spread thinly on manilla paper
sheets and exposed to the air until part of the acetone had evaporated
and the edges of the moist pieces of cord began to darken. This
partially dried cord was used as the raw material for the preparation.
Ground, partially dried cords representing about 150 cords weighed
1000 grams; the same material dried in a current of air at 48.,5° C.
for 18 hours weighed 500 grams; oven drying at 98° for 24 hours’

reduced the weight to 465 grams.

Tryptic Digestion

Five hundred grams of the partially dried cord were suspended in
6.6 liters of tap water, the pH adjusted to about 9.0 with 10% K5COz
solution, and 40 grams of 1:100 trypsin (Coleman and Bell) stirred

into the mixture. A liberal quantity of toluene was added as pre=-
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servative. Digestion was allowed to proceed at 45° to 60° C. for 24
to 48 hours, or until all the cord had been ronderaa fluid.

The fluid digest was siphoned from under a top layer of toluene,
fat, and undigested blood particles and from over a bottom layer of
undigested blood particles. The digest was dialyzed through cellophane
sausage casing against running tap water for four days, with occasional
rotation and inversion of the dialysis bagse. A small amount of toluene
was added to each dialysis bag as a preservative. After dialysis, the
dialysis bags were suspended vertically from a horizontal rod and the
toluene allowed to rise to the top. The bags were then tied off just
below the upper layer of toluene, residual particles, and fat, and the
dialyzed tryptic digest collected by puncturing the lower part of the

casing and allowing the contents to drain into a cylinder or jar.

Filtration

The cloudy dialysate was filtered to a clear sparkling, amber
colored fluid by mixing with "Supercel™* filter aid in the ratio of 20
grama of "Supercel" to 1 liter of dial&sate and filtering under slight .
negative Pressure through a thin layer of "Supercol™ on a filter paper
placed in a large Buchner funnel. Filtration by this procedure was oasy
and proceeded at a moderate rate. Fresh paper covered with a thin

layer of "Supercal"was used for every 2 liters of dialysate.

* A ppoduct of Johns-Manville company, consisting of partially vitri-
fied diatomaceous earth.
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Filtration of the viscous dialysate by other procedurss tried
was difficult, slow and tedious. Sharples centrifugation did not remove

the cloudy material, even after several passages.

Precipitation of Potassium Hyaluronate

The polysaccharide was precipitated from the cleared, dialyzed
tryptic digest of umbilical cord according to the procedure of
McClean (114). Ordinary 957% ethyl alcohol was saturated with U.S.P.
grade potassium acetate and l.4 volumes of the saturated alcohol added
slowly, with efficient stirring, to 1 volume of cleared dialysate.
The mixture was then allowed to stand for several hours at 4° C. After
the white, striﬁgy precipitate had settled, the fluid layer wﬁs
siphoned away and the precipitate concentrated by contrifugation. The
supernatant’aftor centrifugation was poured off and the precipitate
washed successively with alcohol, acetone, ether, absolute alcohol and

absolute ether. It was then dried in vaocuo over P20g.

The yield from 500 grams of partially dried, ground cord is
botween 10 "~ 14 grams. This is equivalent to a yield of 4.5 - 6
grams per 100 grams of oven dried cords.

Two 500 gram sampies from the sams batch of cord were processed,
ono by tryptic digestion and one by water extraction according to
McCloan (114). A yield of 13.3 grams of very white product was obtained
by tryptic digestion while water extraction resulted in a yield of 2.6

grams of gray material. McClean reports yields of 2 - 3 grams by the

extraction method.
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Physical Characteristics

The product is a white, fluffy, stringy solid. It may be powdered
easily. It is not conspicuously hygroscopic when stored in glass-
stoppered containers, although it takes up water readily after it is
woetted. It is only slightly sticky when pinched between the fingers.

A 0.2% solution in distilled water is meutral to indicators and

has a viscosity of 30«75 times that of water, at 37° C.

Qualitative Analysis

A 0.2% solution gives negative Fehling's and Benedict's tests for
reducing sugars, a negative iodine test for glycogen, and a negative
biuret test. The viscosity of such a solution is quickly reduced to
that of water upon addition of hyaluronidase from rabbit testicle,
rattlesnake venom, or from culture filtrates of pmneumococcus or Cl,
wolchii. Z%his indicates that the high viscosity is caused entirely by

hyaluronic acid and is not contributed to by any other component of the

preparation.

Quantitative Analysis

The results of quantitative analysis of these preparations are
given in Table I,

Ash was determined by carefully igniting the preparation first
over & free flame, and then by maintaining at red heat in a muffle
furnace for several hours. The orucible was cooled, the ash wet with a
drop of concentrated sulfuric acid, and then reheated until all the
sulfuric acid was driven off. The crucible was cooled once more and a

little solid ammonium carbonate added to convert any K2S507into KpS04.
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Glucosamine was determined colorimetrically by the method of
Morgan and Elson (43) against e thrice- recrystallized sample of gluco-
samine hydrochloride as standard. The standard was dried in vacuo for
20 hours at 40° C., over phosphorus pentoxide, and gave the samoe color
as a sample of élucosamine-HCl obtained from Eastman Kodak Company. The
glucosamine was liberated from the hyaluronic acid by hydrolyzing the
preparations in sealed tubes with 4 N HC1l for 18 hours at 100° C. This
ensures compléte hydrolysis and maximal values for glucosamine.(l44).

Nitrogen was determined by miocro-Xjeldahl.

Sulfur was determined as hydrolyzable sulfate. The preparation
was hydrolyzed in sealed tubes with 4 N HCl for 18 hours at 140° C, The
hydrolyzed material was transferred to a volumstric flask, phosp£orus
precipitated as magnesium ammonium phosphate and sulfate determined
according to the benzidine method as modified by Fiske (50).

Phosphorus was determined by the method of Fiske and Subba-

Row (51).
TABLE I

Quantitative Analysis of Potassium Hyaluronate Preparations

Anélysis Values Theoretical Values obtained by other authors
for obtained values® MoClean (121) Meyer (122) Kendall (123)
Analysis in percent in percent in percent in percent in percent

Ash 10.8,10.9, 8.65 - 2.08, 4.95 9.2 - 10.2%x
12.6 (free acid)

Gluco- 35 .3 (av.) 39,7 12 23,5 - 41.7 -

samine

Nitrogen 269=3,5 3.12 4,7 3e0=3 67 el = 367

Sulfur 1.1, 1.4, (o] - trace -
1.5

Phos=- 0.091 0 2 0 -

phorus

* Calculated on the basis of a unit formula m KCj 4H23073N
** Converted from Na to K
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Fractionation of the Preparsation

A gram of the once precipitated preparation was suspended in
distilled water and dialyzed through cellulose sausage casing against
repeated changes of distilled water. The dialysate, though originally
clear, doveloped a noticeable turbidity on standing. The total
dialysate was evaporated almost to dryness on the steam bath, then
tbansferred to a small beaker and dried in the oven at 100° C. The
yield was 0.2311 grams of dark brown (after oven drying), h&groscopio
solid, or 23.1% of the original preparation. After weighing, the
dialysate was hydrolyzed with 4 N HCl for 18 hours at 140° C. The
hydrolysate was brown in color and contained small black flakes of
solid. The sulfur content was 1.,06%, or 17.5% of the total sulfur
present.

To the residue in the dialysis bag there was added 5 cc. of a
Cle wolchii filtrate containing 1400 V.R.U. of hyaluronidase per occ.
and soms NaCl as en activator. Dialysis was resumed as before. The
total dialyzate of the enzyme-hydrolyzed polysaccharide, after oven
drying, weighed 044966 grams, which is 49,7% of the original prepara=
tion or 64.2% of the residue from dialysis of the unhydrolyzed poly=-
saccharide. It contained 0.81% of acid-hydrolyzable sulfur, or 24.0%
of the total sulfur present in the original preparations

The total weight of the residue remaining in the bag after
hydrolysis of the preparation with hyaluronidase was 0.2697 grams, or

27,07% of the original preparation. It contained 3.57% of sulfur, or
5848% of the total sulfur.

These data are summarized in Table IT.
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TABLE II

Fractionation of the OnceéPrecipitatod Preparation

Weight Sulphur Sulphur
Frection ' in # of original % of original % of frection
welght sulfur analyzed
(a) once precip-
itated preparation 100 100 1.45
(b) Dialysate of (a) 23.1 17.5 1,06
(c) Residue from 7649 82.5 1,79
dialysis of (a)
(d) Dialysate from 49,7 24,0 0.81
enzyme hydrolysis
of (o)
() Residue from 27,0 58.8 3457

dialysis of (d)

A second dialysis was begun using 5 grams of the once precipitated
Vpotassium.hyaluronate preparation in 500 cc. of water. The final
volume in the bag, after dialyzing against 4~1500 ml. portions of
distilled water, was 800 co. The solids in the dialysate weighed gm.,
or % of the original preparation.

The 800 oc. of hyaluronic acid solution was shaken with 3 grams
of barium acetate, ethyl alcohol then added to a final concentration of
20%, and the solution stored at 4° C. to precipitate as suggested by
Meyer (131). After three days in £he cold, the precipitate was centri-
fuged off and the hyaluronic acid recovered from the supernatent liquid
by adding ethyl alcohol to & concentration of about 40%. Only the
stringy material which separated at 40-50% alcohol was accepted as
potassium hyalu;onaﬁe.ﬁthrther addition of alcohol. brought-down a-

reletively small amougt of flocculant non-striﬁéy material.
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The yield of purified hyaluronic acid was 3.3 grams, or 66% of
the original preparation. It contained % of suifur and % of
phosphorus, A 0.2% neutral solution had a viscosity of times the
viscosity of water.

On dialysis, gms. of the purified preparation lost % of
its weight. This loss is probably due to barium acetate, since addition
of scdium sulfate to & solution of dialyzable material resulted in a
fine precipitate, which, when dried, weighed, and calculated as barium
acetate, accounted for % of the loss in weight ondialysis.

To the dialyzed purified preparation there was added ml, of

Cl. perfringens hyaluronidase, containing V.R.U. of hyaluronidase

per ml.; and dialysis was continued. A further % of the preperation

was rendered dialyzable by the enzyme. The undialyzable unhydrolyzable

residue in the bag weighed gms., or % of the purified prepar=
ation. It conteined % sulfur. These deta are summarized in
Table

The purified preparation therefore contains:
% barium ecetate (which may be removed by dialysis)
% hyeluronic acid and

% unknown

DISCUSSION
The results of fractionation show that the preparation is not
homogeneous, and the results of analysis show that the preparation is
not pure. The usefulness of the method therefore rests upon the

relative ease with which maximal yields of greatly purified, protein
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free, potassium hyaluronate may be obtained. McClean (113) has

method of method of
published a shorter/preparation; Meyer (118, 124) has published a/prep-
aration which results in a purer product. McClean's method, however,
gives only 1/6 to 1/3 the yield of a product which shows less then 1/3
the theoretical amount of glucosamine aﬁd consists, therefore, of mors
than 2/3 impurity. Meyer's method calls for repeated solution and pre-
cipitation, the removal of protein by repeated sheking with chloroform-
amyl aloohol mixture, and repeated precipitations with zinc salts which
are extremely difficult to wash oute The use of zinc necessitates pre=
cipitating in dilute solutions so as to avoid throwing down the zinc
carbohydrate. The repeated precipitations lessen the yield and even
this laborious method does not result in a pure product (124) since
0.47% of sulfur and a trace of phosphorus are still present.

The properties of chondroitin sulfuric acid are similar to those
of hyaluronic acid and its presence in the tryptic digest preparation
must be presumed from the fact that chondroitin sulfuric acid has been
found in umbilical cord (118). Its presence is possibly also indicated
by the fact that some of the organic material in the preparation is
dialyzable from distilled water and this dialysate becomes turbid upon
standing. These phenomena are consistent'with the observation of Meyer
(124) that chondroitin sulfuric acid is unstable in aqueous solution,
as 1s the faot that part of the sulfur is dialyzable from the preparation,
According to this view, the dialyzable sulfur would be derived from the
breakdown of chondroitinsulfuric acid. A further indication of the
presence of chondrditin sulfuric acid is the fact that 58.8% of the

original sulfur is concentrated in the 27% of the preparation which is
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not susceptible to attack by hyaluronidase, and remains within the
dialysis bage

The sulfur which becomes dialyzable after the actiom of hya=-
luronidase may be attributed to hyalurcnosulfate (that is, mucoitin
sulfuric acid), or to further decomposition of chondroitin sulfuric
acid. |

The phosphorus present is most.probably derived from residual
nucleic acide.

The amount of hyaluronic acid in the preparation must be taken to
be somewhat greater than the amount of material which is rendered
dialyzable by the action of hyaluronidase, in this case, 49.7%. this
is because hyaluronidase does not effect 100% complete hydrolysis of
hyaluronic acid to reducing sugars. Hydrolysis to varying extents have
been reported: 96% (124); 65%, 78% (125); 87% (127); 44%, 55% (for hya-
luronosulfuric acid) (127); 70% (120).

It is difficult to say to what degree this variation may be
attributed to the use of preparations which did not themselves consist
100% of hyaluronic acid, to the use of enzyme preparations of various
potencies, to the presence of some inhibitors, or to the "wearing out"
of enzyme. The addition of fresh enzyme did not effect &hy further

hydrolysis in at least one case (132). It would seem consdrvetive to

assume no more than 90% hydrolysis,
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On the basis of the foregoing assumptions, the once precipitated
tryptic digest preparation has approximately the composition which
follows:

Total Hyaluronic SBlES ecececcccccsccccccccccescsscacese 55¢2%

Potassium Hyaluronate .eecceceececes 48,37
Potassium Hyaluronosulfate ceceesesss  649%

Total chondroitin sulfuric acid Salts seeeesssesccssees 1868
"Dialyzable" s.eeesceccscessrrccscess  348%
"Non-dialyzablo™ eeeeeesesssssssseses 1540

Nuoleic aocid (celoulated as C39H59N15P403g) eeseeenssee 0497

Potassium acetete and unknown dialyzable substances .. 19.3

Unknown non-dialyzable, non-hydrolyzable substances .. :.6.5¢

Total percentage 100.77

The discrepance between the total percentage and 100% is due to
the assumption of 907% hydrolysis by the enzyme, since the total hya-
luronic salts were calculated as 100/90 times the total material
rendered dialyzable by the action of hyaluronidase. The actual per-
centage hydrolysis ié thus indicated to be 91%. ‘

The small percentage of nucleic acid and the absence of glycogen
are probably attributable to the action of nucleinase and amylase in
the commsrcial trypsin preparation. .

The viscosity of hyaluronic acid preparationsis of importance
becausé this viscosity has biological significance (see introduction
page 9) and because it is an indication of the state of polymerization
of the moleculs. According to Standinger (156) the high viscosity of

dilute solutions indicates that the molecules of solute are arranged in
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two long throad-like pattefgs. Preparations of hyaluronic acid of
varying viscosity but similar chemical analysis may be taken to repre-
sent preparations with a greater or lesser degree of thread-like poly-
merization. Meyer (118) found that 0.25% hyeluronic acid solution had
& viscosity relative to water of from 2 - 13, debending on‘the me thod
of preparation. In other papers (124, 128) he found that although no
viscous substances other than hyaluronic acid could be found in
synovial fluid, nevertheless the hyaluronic acid actually isolated
possessed only a small part of the orizinal viscosity. The viscosity
of a native ploural fluid, for example, was 147.6 times that of 0.9%
NaCl, while the hyaluronic acid isolated from the pleural fluid gave,
in corresponding concentration of 0.177%, a solution having a viscosity
of only le.54s It is apparent that Meyer's method of preparation
results in a depolymerized or disaggregated hyaluronic acid, since the
only other way to account for the viscosity is by assuming an impure
preparation. This latter possibility is ruled out by the close corre-
spondence of Méyer's analytic results to those required by theory. The
highest viscosity reported for purified hyaluronic acid is that of
Robertson, Ropes, and Bauer (150), who found that a 0.2% solution was‘
40 times as viscous as water, at 25. C.

The viscosity of once-precipitated tryptic digest preparation
ranges from 30 - 75 times that of water for a 0.2% solution at 37° C.
This viscosity is due entirely to the hyaluronidase-susceptible .
materials. Since such materials constitute only 55% of the preparation,
it is evident that the hyaluronic ecid is in a highly aggregated or

polymerized conditione If the 45% of impurity were replaced by hyal-
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dronié¢ - acid, the viscosity of solutions of the preparation would in
all probability be equal to the viscosity in the native state, or over
147 times that of 0.9% NaCl (128). This is even more evident when one
considers the fact that the rate of increase of viscosity of hyaluronic
acid solutions by additional increment of solute rises steeply as the

initial concentration is increases (see page

SUGGESTIONS FOR FUTURE WORK
Further purification of the preparation might be effectsd along
these lines,

1. Simple dialysis, and precipitation of the non-dialyzable residue
with aloohol or acetone. This should remove over 23% of impurity end
therefore raise the percentage of hyaluronic salts in the preparation
to over 70%.

2. Removal of the sulfated polysaccharides and nucleic acide. This
could be done by precipitating them as barium or brucine salts, or as
proteinates. Meyer (13) has reported a sharp separation of chondroitin
sulfuric acid from hyaluronic acid or fractionation by alcohol in the
presence of‘barium acetate. Jorpes (70, 70A) in connection with studies
on heparin, has separated mucoitin sulfuric acid into five fractioms,
corresponding to mucoitin trisulfuric acid, mucoitin disulfuric (two
fractions), mucoitin monosulfuric acid, and unsulfonated mucoitin by
means of partial precipitation with barium. The unsulfonated mucoitin
remained in water solution as the barium salt and was finally precipi-
tated with. alcohol. pevene-(BZ) has removed nucleic acids from poly-

saccharide solutions with barium. Jorpes (70, 70A) has also fractionated

e
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mucoitin by precipitating the sulfonated molecules as brucine s al tse
A similar separation ought to be possible by forming protein selts of
the polysaccharides; Meyer (127) states that sulfuric esters of the
polysactharides form very stable protein salts which are water
insoluble, while corresponding hyaluronic acid salts are water soluble.
Separation of the sulfated polysaccharides and nucleic acid from

the dialyzed preparation would increase the concentration of hyaluronic
ecid to over 88%, Hyaluronosulfate would, of course, be removed.

3. Determination of the nature of the remaining impurities.
These are the non-sulfonated, non-dialyzable, non-hyaluronidase sus-
ceptible materials which constituted 6.5% of the once precipitated
preparation. Knowledge of their nature would be helpful in effecting
their removal, Resoluticn and reprecipitation of the product from
step 2 might be in order. Electrodialysis is also a possibility.
Although Madinaveitia found that hyaluronic acid could not be electro-
dialyzed without precipitating out of solution, it would appear
possible, perhaps, to alter conditions so as to prevent this; Jorpes
(70) has eloctrodialyzed mucoitin sulfuric acids suoccessfully.

The pure hyaluronic acid so obtained would provide the

necessary pure substrate for study of the constants of the enzyme
system hyaluronic acid-hyaluronidase, for biological and bacterio-
logical work, and for a determination of the structure of this

blologically important polysaccharides
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SUMMARY

A good yield (4.5 - 6 grams per 100 grans of dried cords) of
white potassium hyaluronate of high viscosity §0.20% neutral solu-
tions were 30~74 times as viscous as water) was prepared by digesting
human umbilical cords with trypsin, dialyzing to remove amino acids
and other small molecules, clearing by filtration under gentls suction
with "Supercel™ and reprecipitating with saturated alcoholic solution
of ﬁotassium acetate. The preparation contains 1,45% of sulfur and
0.09% of phosphorus., On the assumption that hyaluronidase hydrolyzes
907 of the hyaluronic adid present to molecules of dielyzable dimen-
sions, the preparation is considered as consisting of 56% potassium
hyaluronate, 19% ohondroitin sulfuric acid, 0.97% nucleic acid, 6.6%
unknown high molescular weight substances, and about 19% of dialyzable
salts,

The concentration of potassium hyaluronate may be raised to 70%

by dialyzing the preparation, and to 88% by precipitating sulfozated

polysaccharides and nucleic acid with barium.,
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III. THE DETERMINATION OF URONIC ACIDS
INTRODUCTION

The determination of the uronic acid content of polyuronic acids
such as pectins, saponins, cellulosic materials, heparin, chondroitin
sulfuric acid, and hyaluronic acid is at present a tedious gravimetric
or titrimetric procedure involving a careful control of the rate of
hydrolysis of the sample, the use of a purified stream of carrier ges,
and calling for an elaborate reaction train similar to those used for
the organic microanalysis for carbon. All the difficulties presented
in the accurate measurement of miéro quantities of carbon dioxide by
gravimetric or titrimetric procedure are present in these methods,
and standard conditions for the manipulation of adsorption tubes and
vory dilute standard alkali must be rigidly observed. Some appreci-
ation of the many possible sources of error may be gained from the
handbooks of Pregel (146), Weygand (168), Fredrich (54) or
Boetuis (10) on quantitative determination of carbon in organic
materials,

The method described below was devoloped in order to provide a
Ashorter, easier micro-determination of uronic acid in hyaluronic
acid preparations. It makes use of the standerd Van Slyke=-Nelll
manometric blood gases apparatus, a plece of equipment commonly

found in biochemical and hospital laboratories, and with whose
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manipulation most hospital laboratory technicians are familiar. The
pitfalls of gravimetric or titrimetric technique are thus avoided.
Only micro samples are required. A large number of samples may be
hydrolyzed at one time and analyzed when convenient, each analysis
requiring only one-half hour to complete.

Although time wns not available in which to apply the method %o
polyuronic acids, its applicability is nontheless evident (see

discussion). e

HISTORY

Methods in the Literature

)

The original "nioro" methad of Tollene and Lefevre (159) and
subsequent modifications (14,15,26,27,58,74,115,143,159) are based
on the fact that when a uronic acid is heated with hydrochloric acid,
the formation of furfural and carbon dioxide takes pleace according to
the equation:

OH
HC

HCOH

HOCH 0 HC CH

HC H C
HCOH

HC-OH
)

glucuronic acid _ furfural
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The yield of carbon dioxide is quantitative, although the yield
of furfural is not (6). The samples required by the various gravi-
metric or titrimetric methods vary from 10 mgm to 1 gram, and the time
of heating the sample, which is roughly equivalent to the time required
to perform a determinetion after the blank value is known, varies from
a2 minimum of at least two hours to six to eight hours. The concentra-
tion of hydrochloric acid used is 12%, as used originally by Tollens
and Lefevre. The temporature of hydrolysis varies from about 120°
to 140° C. The most usual temperatures are 130°-135° C. It is '
evidentlfrom the descriptlons of these techniques that skill and
considerable practice is required in order to obtain consistent
results,

The Present Method

In 1939 Danielson and Hastings (25) described a method for the
determination of COy in tissues by the use of the regular Van-Slyke-
Noill gasometric apparatus, The principle of the method was to
place the tissue in a side tube connected to the apparatus, to re-
lease COp from the tissue, and to conduct the COp released into the
chamber of the apparatus where it was absorbed by alkali, The COp
in the alkali was then determined in the usual manner. It was
suggestéd (90) that uronic acids might be determined in a similar
manner.

EXPERIMENTAL

Principle of Method

The principle of the method is to hydrolyze the uronic acid with
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HpSO4 in & sealed thin-walled glass bomb-and then to place the bomb

in a special side tube connected to the Van Slyke apparatus. The bomb
is subsequently crushed and the COp which has been liberated by the
hydrolysis is absorbed by alkali in thq reaction chamber, from whence

it is determined as usuale.

Description of the Apparatus

The special side'%;ha and its gia§s~connaction to the Van Slyke
apparatus are the only unusual pieces of oéﬁipment. The side tube is
a piece of thick walled Pyrex glass tubing about 18 X 75 mm. The
upper:end of the tube is slightly flared so as to fit a number 3
rubﬁer stopper. The lower end of the tube is fitted into a short
length (about 30 mm.) of moderately thick walled rubber tubing which is
bound in place by several turns of cord, and shellacked. The rubber
tubing is closed at its lower end by being pressed flat and cemented
. together:with rubber cement. A bfass clip prevents the rubber from
regaining its shape. Figure 1 shows this side tube (A) attached to the
Van Slyke apparatus, with a glass bomb (B) in place. It is connected
to the side arm of the apparatus (C) through a rubber stopper (D) well
groased with vacuum stopcock grease, a glass tube (E) and a short
length of greased pressure tubing (F). The connecting glass tube (BE)
has an internal diameter equal to the diameter of the side arm of the
Van Slyke apparatus.and its end is in immediate contact with the free
snd of the side arm. The special tube is held against the water
jacket by means of two rubber bands (6), and thus prevented from

toafing away during the shaking,
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Figure 1-Side tube connected to the Van Slyke reection chamber,
Bomb in plece,
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Solutions required

l. approximately O.1 N COp-free NaOH,

2., approximately 5 N NaOH.

3. approximately 1 N HpSO4.

4, appréximatoly 1 N lactic acid.

Sulfuric acid is used to hydrolyze the sample because it is not
volatile and so will not be transferred to the reaction chamber along

with the COp produced.

Hydrolysis of the Sample

An amount of sample which will evolve about 0,025 millimoles of
COo is weighed into a bomb tube. The bomb tube is made by sealing
one end of a plece of 10-mm: diameter Pyrex tubing and then necking
the tubing down to a diameter of 1 to 2 mm. a short distance above
the seal., The large open end is left on at this stage so as to act
as a funnel. (Fig.z, part a) After the sample has been placed in the
funnel : of a bomb ‘tube, the bomb is tapped lightly several times. The
tapping will shake most of the dry sample to the bottom of the bomb.
One-half cce. of 1 N HpSO4 is then placed in the fumnel, (Fig.2; part
b) It will remain in the fuhhel since surface tension prevents 1t
from passing down the capillary. The mouth of the funnel is now
placed momentarily aga‘.'inst th§ ‘;pan end c;f a piece of pressure tu.bing
connected to the vacuum line. When two or three air bu‘bbles: have
passed up through the sulfuric acid, the funnel mouth is withdrawn
from the vacuum, Air pressure forces the sulfuric acid down into the

bomb and its passage washes down any part ofv the sample which may have
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adhered to the walls of the capillary. The bomb is now sealed off
close to the funnel, and the sample is ready to be heated. (Fig. 2,
part d) This sequence of manipulations is shown in Fig. 2, page

Hydrolysis is carried out for 3 hours at 130° C. Any number of
samples may be hydrolyzed at the same time as ther? does not appear to
be any appreciable increase in CO2 when the hydrolyzed samples are

stored at room temperature,

Transfer of the Carbon Dioxlde

The bomb tube containing the hydrolyzed sample is placed in the
special side tube, as shown in figure l. The buldb of the bomb is
uppermost, while the slender neck érﬁjects from the glass part of the
special side tube into the rubber tubing. The stopper is greased with
vacuum stopcock grease, and the special side tube is fitted over 1t.
The air in the previously washed Van Slyke reaction chamber is now
expelled through the cup, allowing the chamber to fill with morcury
and forcing mercury into the stopcock capillary, so as to seal it.

The stopcock is now given a half-turn, so that neither capillary

comnects with the chamber, and a vacuum is produced in the chamber by
loworing the leveling bulb until the mercury has fallen to a level slightly
gbove the 50 cc. mark. The reaction chember and the side arm C are

now connscted by turning the stopcock a further half-turn. A part of

the air in the special side tube is thus drawn into the reaction

chamber. The stopcock is given a half-turn to return it to a neutral
position and the leveling bulb is placed in the upper bracket. The

air collected is again expelled through the cup H. This procedure 1s
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3 1N HpS04

.
\J ‘ h&_j_____Smnple
8.) Bomb tube with funnel b.) Boib tube plus sample
attached and 1 N HpS04

rubber connection
to0 vacuum line

air bubdbles

c.) slight evacuation of d.) sealed bomb with sample
bomb tube and 1 N H2S04

Fig. 2 Manipulation and filling of bomb tube
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ropeated 3 or 4 times until the spocial side tube A has been exhausted
of alr, The rubber tubing selected for the lower part should be of
such wall thickness that it collapses when completely evacuatéd, but
retains its shape under partial evacuation. This thickness of rubber
is sufficient to prevent leakage of alr into the apparatus, and the
collapsed form forces the sample into the glass part of the special side
arm where complete extraction of the CO2 is facilitated.

After the last portion of air has been expelled from the reaction
chamber, 2 cc, of 0.,1N CO2~-free sodium hydroxide are drawn into the
chamber from the cup H, and a mercury seal is made in the stopcock
capillary between the cup and the chamber, The mercury leveling buld
is lowered until the level of the sodium hydroxide in the chamber is
a little above the 50 cc. mark, and the lower stopcock, connecting
the apparatus with the leveling tulb, is closed. The leveling bulb is
returned to the lower bracket. The stopcock is turmed so as to
connect the reaction chamber and the side arm C. The capillary portion
of the bamb tube B is now crushed by pressure upon it through the
rubber tubing in the special side -~ tube A. The hydrolyzed sample
rushes out of the bomb and comes to rest on the collapsed portion of

_the rubber tubdbing, just below the glasas part of the special side tube A,

The special tube is fastened to the water jacket with thgrrubber
bands G and thefmachiﬁo‘allﬁwed to shake for 3 minutes. At the eqa ofﬁ
the period of shaking the lower stopcock;is opened, allowing the.gas
to contract somewhat. Care must be taken that the 0.1N NaOH does not
rush over into the evacuated special side tube. By alﬁernately:ﬁaising

end lowering the mercury leveling bﬁlb the gases in thé-chamber and
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the speciel tube are mixed and the COp is pumped over into the 0.1N NaOH.
Eight full excursions of the gases afe made, that ié, the mercury
leveling bulb is ralsed eight times and lowered eight times. The level
of the liquid in the chamber is returned to just above the 50 cc. mark,
and the lower stopcock is closedes The entire procedure described in

the above paragraph is repeated twice more.

During the excursions of gases, it sometimes occurs that the
liquid sample will run back into the bulb of the bomb tube and momen-
tarily appear to trap gases therein. This condition usually remedies
itself in the course of the repeated excursions and, in any event, has
not been found to produce any error. However, if this occurs, it may
be remedied by removing the rubber bands which fasten the special side
tube to the water jacket, and rotating the glass connection at its
joint with the side arm C until the special side tube A is at right
angles to the water jacket. When the special tube is in this positim,
lowering the mercury leveling bulb will force the sample out of the
bcmb tube, whence it will come to rest agalnst the wall of the glass
part of the special side tube. Further excursions will not then cause
the liquid sample to re-enter the bomb, The special side tube must
be replsced in its original position, of course, before shaking is
begun again,

After the shaking and eight excursions of the gases have been
performed 3 times, the upper stopoock is closed, so that neither
capillary communicates with the chamber. The special side tube is
removed from the rubber stopper D. The sides arm C and the capillary

in the stopper between C and the reaction chamber are sealed with
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mercury by dipping rubber stopper D under a reservoir of mercury in
a small cylinder and opening the upper stopcock for e moment. Rubber
stopper D is fastened to the water jacket by means of one of the
rubber bands, and the determination of the CO2 transferred to the
alkall is carried out in the usual way, after ejecting most of the
air from the chamber through the cup H.

A correction is made for the CO2 of the reagents by performing
a blank determination in the same manner as the determination of the
unknown. If care is observed, this connection should amount only to

0 to 5 mm. of mercury.

Results:

All the analyses were performed upon a sample of %~d- galactur=-
onic acid, sample number B8303, received from the Californie Fruit
Growers! Exchange. The purity of the sample was not checked by
independent means. This was because originally it was intended to
ascertain approximately the condition for hydrolysis which would yield
correct values for CO2, and then to perform a series of analyses with
standard preparations end known mixtures of i uronic mcids. There was
time, however, to complete only the first half of this plan.

The data on Table III show the results obtained when™{-d-galeac-
turonic acld is analyzed after 3 hours hydrolysis with 1N H2504 at
130° C.

Lesser concentrations of acld result in lower values, greater
concentrations in higher vaiues. Longer periods of hydrolysis re-

sult in higher values as. do highor temperatures of hydrolysis. These
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TABLE III
Values Obtained for Galacturonic Acid

(3 hours' hydrolysis with 1N HpSO4 at 130° C)

Known weight mi COo» found weight found recovery
of Sample (‘xt10=°c) in percent
4,66 mgn. 24.0 4.68 mgnm, 100.4
4.61 2346 4.60 99.8
5.51 28.2 5.50 99.8
4.70 24.0 4,68 99,6
4,70 24.0 ' 4.68 99,6
TABLE IV

Variation afi Recovery of COz from Galacturonic
Acid with Acidity and Hydrolysis Time

g’%’%&z %%xj;_g'entration M_;_;;_%_s_i_i %—l— me
in percent in normality in hours in °C
.85 0.05 3 120-140

95 0.5 3 | 130
100 1 3 130
102 0.5 5 130-140
106 0.1 ' 18 ‘ 130-140
110 1 51/2 130-140

15 A | LT 1
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»

changes are shown in Table IV, It is probable that combinations of
acidity with hydrolysis time besides the combination chosen might be

found which would also be satisfactory.

Discussion

Although the conditions for the analysis of pure galacturonic
acid are the only ones which have been worked out, the possibility
of the method comparing favorebly with published micro methods 1s
already evident, since the published methods are recommended only
for pure uronic acids or their derlvatives. This is because other
carbohydrates end some organic acids produce small amounts of CO2

when heated with 12% (approx. 3.5 N) HCl.

Sugerestions for Future Work

An-analytical survey of pure uronlc acids and their derivatives
should be made, in order to ascertain the conditions necessary for
their determination. In this series there might be included glucur-
onic acid and borneol glucuronic acid, methyl galacturonide, chon-
droitin sulfuric acid, and known samples of pectins and alginic acid,
Standard samples of the last two substances, of known uronic acid
oontent, might be obtained from the research laboratories of the
Department of Agriculture. The Van Slyke analysis on the survey
series of known uronic acids should be checked by analysis according
to some conventional method. When the proper conditions for these
determinations have been worked out, the possibility of analyzing

impure uronic acids should be explored. The Van Slyke method, where
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hydrolysis is carried out under pressure, may permit conditions of
acidity, hydrolysis time, and temperature to be arranged so as to

obviate significant CO2 production by foreign carbohydrates.

SUMMARY
A short convenient method for the determination of galecturonic

acid (and presumably of other uronic acids) is to hydrolyze the
sanple for 3 hours at 130° C., with 1 N H2504 in a sealed bomb tube
and subsequently to determine the quantitatively evolved CO2 with
the aid of a special side tube attached to the Van Slyke-Neill
gasometric apparatus. Samples are chosen so as to evolve a conven-
ient quantity (0,025 mM) of COp. Any number of semples may be
hydrolyzed simultaneously stored at room temperature, and anslyzed

whon convenient,
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IV, ASSAY OF HYALURONIDASE
INTRODUCT ION

Publications have appeared describing six different assays for
hyaluronidase. These are reviewed below in chronological order, the
reasons for the choice of methods used in the present work are dis-
cugssed, and typical results obtained with these chosen methods are

presented.

HISTORY
ASSAY BY SPREADING PONER

The abiiity of aqueous extracts of mammalian testicle to en-'
lerge the area of skin attacked by vaccinia virus (:28,30,104) was
fhe first effect reported which was later to be ascribed to hyal-
uronidase. It was quickly found that testicle extracts would render
the connective tissue more permeable to all mammer of fluid and h
particulate agents (66), including staphylococcus toxin (29),
diphtheria toxins (104), filterable viruses (67), various bacterial
infections (147), india ink (46,158), hemoglobin (93), and so forth.
In these circumstances, it was natural that the first method for
the assay of hyaluronidase solutions should rest upon the determin-
ation of the relativo permeabllity of the connective tissue %o

fluids containing more or less of the enzyme. Such methods were
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published by Claude and Duren-Reynals (22), by Hoffman and Duren-
Reynals (66), by McClean (104), by Boyland md McClean (11), by
. Madinaveitia (93,94), and by Bacharach, Chance and Middleton (158).

These agsays depend upon tho ability of diffusiﬁé fectors to
increase the area of skin penetrated by an indicator, usually dyes
or hemoglobin, but in the earlier experiments, toxins or india ink.
The mixture of indicator and diffusing factor is injected intracu-
taneously. Quantitative differences are brought out by dilution of
the spreading factor before injection, as the area of spread does not
inorease proportionately to an increase in the concentration of the
injected factor, (44), making direct assay impossible.

The drewbacks of this method are manifold: (a) it is non-
specific, as it measures not only hyaluronidase but other possible
diffusing factors as well, such as ascorbic acid, (108,150), and
diazo compounds (98); (b) it is inaccurate, detecting a minimm of
tenfold (93,94,44) or fourfold(4), differences in concentration;

(c) it requires large numbers of white rabbits of definite age and
breed which, once used, are no longer suitable for test; (d) time
consuming, multiple injections and the services of an assistant are
required for maximal acouracy; and (o) the results are interpretable

only with the aid of statistical analysis (4).

Assay by Production of Reducing Substances

The determination of reducing sugar values on polysaccharide
preparations after longer or shorter periods of hydrolysis by
hyaluronidase has been used, principally by Meyer (64,119,132) as an
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indication of the concentration of the engyme. It is shown (119,132),
for instence, that 1% of a sodium flavianete precipitate of hyaluron-
jdase will produce 35% of the theoreticel maximum of reducing sugars
from a hyaluronic acid preparation after 44 hours of hydrolysis;
0.01% of enzyme will produce only 3% of reducing suger, while 0.05%
and 0.1% of enzyme both producetg% of sugar,

The principle a priori objection to this method is the possibllity
that the rate of generation of'reducing sugars may not parallel the
diffusing potency of the enzyme preparations (40). The diffusing
potency is the hyaluronidase property of immediate interest because of
jts possible connection with infection. As a practical matter, the
test can be used only with protein-free hyaluronic acid preparations,
since proteolytic anzymes in bacterial filtrates would otherwise lib-
erete reducing substances (63). Tho state of purity of the hyalur-
onic acid preparation used would markedly affect the reducing values
obtained, and render comparisons difficult. In addition to the fore-
going, there is also objection on the score of the length of tims
necessary to complete the test and the sources of error latent in
vhichever of the current quantitative methods for estimation of re-

ducing sugar is selected.

Assay by Production of Acetylglucosamine

Measurement of the increase in glucosamine in solutions of
hyaluronic acid acted upon by hyaluronidase has been suggested by
Chain and Duthie (18). These authors incubated hyaluronio

acid-substrate mixture for 16 hours, and then determined liberated
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N acetylglucosemine by the method of Morgan and Elson (135).

This method has not yet been used for quantitative assay of the
potency of hyaluronidase preparations, so that compargtive data
cannot be cited. The various objections to assay by determination of

reducing sugars ought also to apply in the present case.

Assay by Viscosity Reduction

This is the method that has been used most frequently in the
recent literature. It_isAbased upon the fact that, under certain
conditions, the rate of decrease of viscosity of solutions of hyal-
uronic acid is proportional to the concentration of hyaluronidase
present, Demonstration of the viscosity-reducing power of hyalur-
onidase was first made by Chain and Duthie (17) and was confirmed
by McClean and Hale (106,107). Essentially similar methods have
beon published by Madinaveitia and Quibell (99), by Chein and Duthie
(18), and by HcClean and Hale (108).

The method is rapid, requiring about 40 minutes to an hour for
one determination if the concentration is completely unknown And
about 30 minutes ifltha approximate concentration is known in advance
of the determination. It is relatively the most accurate method
described, Madinaveitia assigning it an accuracy oft 5% while Chain
end Duthie find $10%. Crude preparations of hyalurcnic acid may be
used as substrate.

Although viscosimetry has been the method of choice in the
1iterature, Kass and Seastone (72) have objected to it on the grounds

that it requires the full time of the investigator and an ample supply
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of substrate. Other substances besides hyaluronidase have been re-
ported to decrease the viscosity of hyaluronic acid solutions, al-
though they do not give a typical hyaluronidase viscosity-reducing
curve. These substances are ascorbic ancid and its oxidation
products (96,108), certain diazo compounds (96,107), phenylhydrazine
(96), and reducing substances such as thiolacetic acid, HyS, hydro-
quinone, pyrogallol, sodium sulfite, and metol (r08).

Most of the hyaluronidase assays reported in this thesis.wero
obtained viscosimetrically, as described in this chapter under

"Experimental,” pages 59to 68.

Assay by Inhibition of Mucoid Clot

A mixture of hyaluronic acid and protein forms a stringy pre-~
cipitate or "clot" on the addition of dilute acetic acid (154).
McClean (109) found thva"l; if increasing dilutions of hyaluronidase
were inoculated with serum protein-hyaluronic acid mixture, the
potency of the enzyme could be determined by ascertaining the highest
dilution capable of destroying the clotting power of the substrate in
a definite period of time. In a later paper (113) the method was
more fully dogcribed. McClean ‘"ste'ttes that*iOO% differences are ‘e'aav.{ly
detectable, and that 20% differences are titratable with special pre-
cautions,

This method appears especially suited to work with inhibiting
agents such as anti-sers or enzyme inhibitors. In such cases extrems
sensitivity in the method is umnecessary and may even be undesirable,

When used as a measure of hyaluronidase the mucin clot - -
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prevention test does not give results to better than 50-1007% of their
- %ruo value, unloss the test be repeated many times on a "small group
of dilutions which bracket the true end point., It is sonsitive to

changs in the concentration of hyaluronic acid in the substrate, and

- to the salt concentration,

Part of the animal serum antihyaluronidase wvalues and all of +the
human serum antihyaluronidase values wers obtained by the use of the
mucoprotein clot prevention test; the technique is described under

"Experimental," page 91 to 94,

Assay by Turbidity Prevention

Recently, Kass and Seastone (72) have published a method for the
assay of hyaluronidase which depends upon the ability of hyaluronic
acid to yleld a turbid solution when mixed with carefully buffered
protein. The hyaluronidase is incubated with the hyaluronic acid for
a definite period of time, after which the reaction mixture is poured
into a buffered serum solution. The turbidity formed is compared with
the turbidity producéd by a standard solution, and the hyaluronidase
potency calculated., The stated advantage of the method is that mahy
analyses may be performed simultaneously and stored for several hours,
until it is convenient to read the turbidities.

The turbidity method was not published until most of the work
described in this paper had been completed, and was not considered
when making a choice of methods. The reliance on a standard turbidity
produced by a standard hyaluronic acid preparation appears to be a

drawback, since all current hyaluronic acid preparations contain more
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or less of other polysaccharides which will produce a non-specific tur-
bidity. Another drawback is the necessity of striking a nice balance
in the amount of digestion of the hyaluronic acid and the degree of
acidity. If this balance is not attained the ?recipitate will be

flocculent or stringy, instead of being turbid,

EXPERIMENTAL

Viscosimetric Assay

PRINCIPLE The time required for a hyaluronidase sample to reduce
the viscosity of a substrate coﬁéﬁining hyaluronic by an arbitrarily
selected percent of the original viscosity is inversely proportional to
the concentration of the enzyme, when certain conditipns are maintained,

UNIT A viscosity reducing unit (V.R.U.) is defined as that con-
centration of hyaluronidase which, in 20 minutes, will cause a loss of
viscosity of substrate equal to 1/2 of the maximum possible loss, under
the conditions described below. The substrate-buffer-enzyme mixture
is then said to be at the half viscosity level.

MAXIMUM VISCOSITY LOSS 1In all cases, the substrate is essentially

a solution of hyaluronic acid in buffer fluid., The basic level, below
which the viscosity cannot fall, is taken to be the viscosity of the
buffer and 1s designated fog. The vigcosity of the substrate-buffer
mixture is the highest viscosity encountered, and is designated fo.

The maximum possible reduction in the viscosity of the substrate buffer

mixture is a reduction to the viscosity of the buffer and is equal to

fo - fm.
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HALF VISCOSITY LEVEL When, by action of hyaluronidase, the sub-

strate has undergone a reduction in viscosity equal to 1/2 of the
maximum viscosity loss, it is said to be at the half viscosity level.
The actual viscosity in seconds of the substrate at the half viscosity
level is equal to the initial viscosity, f,, minus 1/2 of the maximm
possible loss in viscosity, or 1/2 (£, = £50), Where foo is the vis-

cosity of the buffer solution. Thus,

Half Viscosity Level = f5 = 1/2 (£o = foo)

1/2 £o + 1/2 foo

1/2 (£o = f£o0)

REACTION TIME The duration of the reaction is measured from the

time at which the enzyme is mixed with the substrate. Measurement of
viscosity in the Ostwald pipette, however, is not instantaneous but
endures for the span necessary for the fluid to flow through the
viscosimeter. While the viscosity measurement is being made, of courss,
the reaction continues., It therefore is necessary to make correction
to the duration of the reaction at the start of a wlscosity measure-
ment in order to obtain the average reaction time (R.T.) which may
properly associated with that viscosity.:  This is done by adding to
the duration time at the beginning of a viscosity measurement 1/2-of
the time required to make that measurement. Thus,

Reaction Time (R.T.) = (Duration of reaction until the

beginning of viscosity measurement)
+ 1/2 (time necessary for olitaining that viscosity measurement )

REACTION TIMETO HALF VISCOSITY This is the reaction time

associated with the half viscosity level (see page ). It is designated
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R.T. 1/2 and is found by plotting the viscosity measurements on each
side of the half viscosity level against reaction time. The point at
which the plot crosses the half viscosity level is taken as R.T. 1/2.

FROCEDURE Five ml. of substrate are placed in a small test tube
and mnintained at 36.95 ¥ 0,05° C. on a constant temperature bath.
The sample of enzymse is appropriately diluted, with buffer and the di-
luted enzyme is maintained at bath temperature. It may be necessary
to try several different dilutions of enzyme before a suitable dilution
is found. One ml. of the diluted enzyme is run into the 5 ml. of sub-
strate and mixed by inverting the tube, using a small square of waxed
paper to cover the mouth of the tube. A clock started at the moment
the enzyme is added to the substrate records the reaction time (R.T.).
The six ml. of enzyme substrate mixture are poured from the small test
tube into an Ostwald viscosimeter which previously has been placed in
the bath. At appropriate intervals, the fluid is blown into the upper
bulb of the Ostwald viscosimeter and viscosity readings are teken by
timing the rate of flow of the fluid through the instrument by means of
a stopwatch. Viscosity measurements are repeated until the flow time
of the fluid is less than the value at the half viscosity level (ses
page

The viscosity readings on either side of the half viscoslty level
are then plotted against reaction time (R.T., see pagoéb ) and the point
at which the plot crosses the half viscosity level is taken as the
reaction time to half viscosity lev;1 (R.T. 1/2) of the sample under
tost. The potency of the hyaluronidase sample is calculated from this

value.
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CALCULATION OF POTENCY OF SAMPLE A typical calculation of the

activity of a Cl. welchil filtrate follows. Pages 59 to 60 should be
read 1f a more detailed definition of the terms is desired.

Flow time (viscosity) of 5 ml. of potassium hyaluronate solution, plus
1 ml, of buffer = fo = 266.0 seconds,

Flow time (viscosity) of 6 ml. of buffer = foo = 76.5 seconds.

Then, half viscosity level (see page = fo = foo
2

266.0 - 76.5
-2

342.5
2

171,25 seconds

The original Cl. welchii filtrate was diluted 1:1000 with buffer.
The dilution factor (D) is therefore 1000,

One ml. of this diluted enzyme required 1276 seconds to reduce the
viscosity of 5 cc. of substrate to tixe ‘half viscosity level, 171,25
seconds, The reaction time to half viscosity (R.T. 1/2) is therefore
1276 seconds. | |

Then, Viscosity-Reducing Units (V.R.U.) = 20 minutes

R.T. 1/2

= 1200 secs
1276 secs

= 0.94!
The diluted enzyme solution therefore contains 0,94 V.R.U. in 1 ml,
The original Cl. welchii filtrate contains 1000 times this concentration
since it was diluted to yield the enzyme solution.
The original filtrate therefore contains 940 V.R.U. per ml, The fore-

going calculation is repeated below, using symbolse
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big = 266.0 seconds

or T

foo = 7645 seconds

fo.=-f60 = 342.5 = 171.25 seconds = Half Level Viscosity
2 2

R.T. 1/2 = 1276 seconds

‘V.R.U. of original filtrate = 1200 seconds
1276 seconds D

1200
1276 1000 = 940

The hyaluronidase viscosity reduction curve from which R,T. 1/2 was
taken is given in Figure 3, page

SUBSTRATE The substratesused for the earlier assays were synovial
fluid, water extracts of umbilical cord, or solutions of synovial mucin
or umbilical mucin, These latter were prepared according to the
directions of Chain and Duthie (18) and of McClean and Hale (108),
Later assays constituting the greater part of the values reported were
run on substrates of dialyzed, filtered, tryptic digest of umbilical
cord or of solutions of potassium hyaluronate preparation. The pro-
duction of these materials is described in the chapter on "Preparation
of Potassium Hyaluronate" pages 24 to 26,

Although the V.R.U. values obtained for a given enzyme solution:
are independent of the concentration of substrate (99,108), it is
practical to maintain the substrate concentration within certain limits,
If the substrate concentration is too low, experimental error will be
large; while if the substrate concentration is too great, individual
viscosity determinations will require too long a time and the

corroctions to the reaction time will be excessively large. It has been
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found best to arrange the substrate concentration so that the initial
viscosity £, of the substrate-buffer mixture is fram 2 to 4 times as
great as the viscosity fgo of the buffer alone. If potassium hyalur-
onate preparation (see Chapter II) is used as source of hyaluronic acid,
a satisfactory concentration is 0.1 to 0.25%, depending upon the vis-
cosity of the preparation. Synovial fluid or hyaluronic acid solutions
may be diluted to the required viscosity, or water removed by evapor-
ation in vacuo at 40 to 60% C., as the case requires. The viscosity of
the substrate-buffer mixture is considerably less than would be the
case were the substrate to be diluted to the same extent with distilled
water. This is because hyaluronic acid is less viscous at the acid
value for pH by the buffer, and because the NaCl present in the buffer
also reduces the viscosity of the mixture.

BUFFER The /3 citrate buffer was made by mixing two volumes of
M NaOX with one volume of M citric acid; NaCl was then dissolved in
this solution until the buffer was l.2 M with respect to NaCl. The pH
(glass electrode) of the citrate buffer before addition of NaCl was -
pH= 4.91. The final pH of the buffer after addition of the NaCl was
pH = 4.25 - 4,30, Tho synovial fluid or other substrate possosses
buffering power of its own, so that the pH of the final mixture of 5 co.
of substrate with 1 cc. of buffer or buffer-enzyme dilution has a
pH = 5.1 or 5.2 (indicators).

Sodium chloride in appreciable concentration is a necessary
addition to the buffer in order to minimize the possible effects of
varying amounts of salts added with different enzyme preparations. These

effects on the substrate and on the enzyme are discussed by other
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workers such ns Madinaveitia and Quibell (99), MoClean (113), and
Robertson, Ropes, and Bauer (150).

LIMITS OF REACTION TIME In order that the rate of decrease of

viscosity shall be proportional to the enzyme concentration, it is
necessary to dilute the original seample so that the dilution of enzyme
tested will have a reaction time to half viscosity level (R.T. 1/2) of
between 800 and 1900 seconds. That is, the dilution actually run mst
contain between 1.5 and 0,63 V.R.U. If R.T. 1/2 is below 800 seconds,
the values obtained are usually too high, and experimental error is
large; if R.T. 1/2 is more than 1900 seconds, the values obtained are
usually too low, and the determination is tedious and difficult to
interpret graphically. The reason for these changes in the values ob-
tained are apparent in the shape of the viscosity reduction curve. The
jnitial drop is steep, while the final drop in viscosity is very gradual
and the curve is quite flat. If the concentration of hyaluronidase is
too high, the curve intersectsthe half viscosity level during the
initial stage of rapid viscosity decrease, while if the concentration is
too small the viscosity reduction curve nearly parallels the half vis-
cosity level at the point of intersection, or viscosity reduction mey
practically cease, and the curve may intersect the half viscosity level
only at infinity. These conditions are exemplified in figure 4, page 67
departure from proportionality at reaction times greater them 1500
seconds or less than 800 seconds are shown in figure 5, page 68.

ACCURACY If only those values are accepted which are calculated
from reaction time to half viscosity falling between 800 and 1900

seconds, the accuracy of the determination is well within } 10%.



Page 67

Figure 4
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This is shown in figure 5, page 68, where dilutions of an anzyme sample,
yielding various values for R.T. 1/2,. are plotted against the V.R.U,

found for the original sample. The data plotted are set forth in Table

V page 69,
TABLE V
Accuracy of Viscosimetric Test
(Data plotted on page 68)
Dilution of R.T. 1/2 V.R.U. Average V.R.U, in
original sample found acceptable range
in seconds
1/1400 2828 594
1/1300 2335 668
1/1200 . 1948 724
1/1100 . 1807) | 730)
A
1/1000 1603) C 749
JCR ’
1/900 1490) E A 725)
PN ) 747.7
1/800 . - 1296) T G 741) . or
AE ) 748
1/700 1072) B 784)
)L )
1/600 920) E 784
) .
1/500 832) 721)
1/400 665 722
1/300 '435 828
1/250 380 797

1/200 363 661
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OTHER GRAPHICAL TREATMENT OF VISCOSITY DATA The equation to the

curve obtained by plotting change in viscosity against reaction time

(a typical curve is shown on page 64 ) is unknown, and compariscen is
mado between various enzyme solutions on the baéis of the time necessary
for the enzyme to effect 507% of the maximum loss of viscosity. If a
function of the data could be found whose equation was kmown, snd par-
ticularly if that function plotted as a straight line during the early
part of the reaction, the viscosity reduction test would become nmore
rapid and more accurate., In an effort to attain a straight line graph,
various functions were plotted.

(a) Log enzyme concentrations ageinst reaction time. This graph
usually resembles & hyperbola or parabole (figure 6, page 71 ). The
date. from which the curve is plotted are the same as those used in
figure 5, rage 68, and in Table V, p. 69

(b) Enzyme concentration against reaction time., This also is not
a straight line (figure 7, page 72). The data is the same as that
plotted in figure 5, page .8 and figure 6, page 71.

(c) Reciprocal enzyms concentration against reaction time. The
irregularities of measurement in the early stege of the reaction when
viscosity decreases is rapld are evident here, The middle portion of
this curve, on visual inspection appears to be more or less straight.
The limits, howeyer, are no wider than the limits used in the regular
assay, so there is no advantage gained by the use of this function.

The graph appears on page 73 as figure 8., Data is the same as that in
the previous figurese

(d) Enzyme concentration ageinst reciprocal reaction time. The

remarks given under item (¢) pertain here also. The graph appears on
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page 74 as figure 9.

(s) Many hydrolytic enzymes follow the Schutz-Borrissov Law:{see
Suggestioné for Future Vork) this chapter, page 95 which callg-i &=
for a reaction rate which is proportional to the square root of the
reaction time. Although loass of viscoslty of hyaluronic acid solutions
is not a direct measure of loss of substrate (see this chapter page
the possibility of linear relationship to the square root of the re-
ection time was investigated by plotting various functions of the
viscosity changes. Some parts of a mumber of these curves seemed to
be linear, as determined by visual inspection, therefore the absolute
slope of the plotted points on these curves was calculeted algebraically.
It was then seen that the linearity was more apparent than real, for
the deviation from the mean of values of thﬁ absolute slope were fre-
quently 14 to 30%. The graphs are actually shallow curves. A number of
these curves, together with the data from which they were plotted and
values for the absolute slopes, are given in figures 10 to 15 and Tables
6 to 11,

Tables XII-XV are calculated similarly to Tables VI-XI, but there
are no accompanying grephs to Tables XII-XV, The serles of Tables
(VI-XV) represent over 40 similar calculations, which were made in
attempting to verify the apparent linearity of the curves plotted from
the functlions indicated in the respective tables. In no case was an
average devietion from the mean less than 16% encountered, and therefore
there is no advantage in the use of these curves over the curve ordinar-

ily used for the calculation of viscosity reducing units. (Figure 3,

page 64..
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Variation of Viecositywith Square Koot of Reaction Time
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ASSAY OF HYALURONIDASE

TABLE VI

Page 82

Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 10, page?76 ).

v

% relative vis-

K

K calculated from

R.T. cosity, corrected , _<*V2-V1 Deviation of K

for buffer " R.T.p - R.Teq from the mean
-Loss in viscosity

14,3 zs.é

22.8 32,7 2.07 +0.86

27.0 38.8 1.40 +0.19

3l.2 43.6 1.19 -0,02

34,1 46.8 1.10 -0.11

37.0 650.0 1.10 -0.,11

39.4 52.3 0.96 -0,25

57.5 64.1 0.65 0.56

Mean value for=Ki=4%1l.21

Average deviation from mean = 0,30

average deviation =0.30 X 100=23%

mean

I.21

>
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TABLE VII
Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 11, page 77)

v K
VR.T. % relative viscosity, calculated from  Deviation of
corracted for buffer w2 -V K from the mean

Loss iIn viscosity K=

VR.T. - RoT.l

14,3 o

22.8 6e3 0.74 0.00
27.0 10.3 0.95 +0.,21
3l.2 13.6 0.79 +0.,06
34.1 16,7 . 0.94 +0,02
37.0 17.8 0.72 -0,02
39.4 19.3 0.63 -0.11
57.5 27.2 0,43 -0.31

Mean value for K o0 0000 OOOPOGES 0074
Average deviation from mean cescsecescees 0.10

Average deviation = 0.10x100 = 14%
Mean 0.74
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TABLE VIII
Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 12, page 78.)

v K
VR.T. % relative viscosity, calculated from deviation of K
corrected for buffer = Vo= T from the mean
K =
Loss in viscosity eleo= Rel,
2 1
12.5. 0
19.6 12.6 1.77 ~0.77
28,8 22,07 0.88 =0,12
32.1 24.9 1.27 -0'63
34.8 2701 0081 -0.19
» 37.4 2903 0.85 '0015
39.8 31.7 1.00 0
42.2 3305 0075 "0.25
45.0 3544 0.68 =-0.32

Mean Value for K esecceeocce 1.00

'Average devietion from mMeAN seescercccssccrcsecsccecccssee 0,30

(.

_ Average deviation x 100 - 0,30 = 301t
Mean T Too °

8
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TABLE IX

Page 85

Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 13; page 78-)

R.Te % relatiZ; viscosity, calculz;ed from devietion of K
::::ezzésijzzs;;:fer'**g‘g Vo=Vq from the mean
R.T.z R.Toy
12.8 3.0
19.¢ 9.0 0.85 -0.156
25.0 16.0 1.15 40.15
29.0 18.5 0.88 -0.12
31.0 22,5 2.00 +1.00
36.0 26,7 0.85 -0.15
40.0 31.0 1.08 +0.08
42.2 33.5 0.11 -0.89
44.8 36.5 1.15 +0.156
47.0 38,0 0.68 ~0.32
49,0 40,7 1.35 +0,35
5l.1 42.5 0.86 -0.14
53.0 44,5 1.05 +0.05 -
54.7 46.5 1.18 +0.18
56.7 47.5 0.60 -0.50
5843 49,5 1.25 +0.25

Mean value fOX‘T-oaooo-oooo--ooooo.oo 1.00

.Average deviation from mean 000‘OOOOG0000000.0000.0;0000;0;00 0.30

Averape deviation = 0,30 X 100= 30%

Meean
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TABLE X
Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 14, page 80)

VRT, v K
% relative viscosity, calculeted from devietion of K
corrected for buffer e V= Ty - from the mean
Loss In viscosity - va'l
12.8 9]
19.9 3.5 0.49 40,19
26,0 7.0 0.69 40.01
29,0 9.1 0.53 -0.15
31.0 1l.4 1.15* -
36.0 13.9 0.50 -0,18
40,0 16.4 0.63 -0.05
42.2 17.8 0.64 -0.04
44,8 19,6 0.69 +0,01
47.0 20.5 0.€8 (o]
49,0 22.0 0.75 40.07
5l.1 23.1 0.53 -0.05
53.0 24.3 0,63 -0.05
54.7 25.4 0.65 ‘ -0.03
66.7 26.0 0.30 -0,38
58,3 27.2 0.80 #0.28

Mean wvalue for K e0ecseccec000ccccccce o 0.68
Averagc deviation from ME8BN ececsccscvecccsccccecccccccccccee 0.1l

Average deviation= 0.1l x 100= 16%
NoEn

L)

*Not included in the average
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TABLE XI
Variation of Viscosity with Square Root of Reaction Time

(This data is plotted in Figure 15, page SI..)

V R.Te % relativz viscosity, calculgted from deviation of K
corrected for buffer p _"2-V3 = Vj from the mean
Loss ir vigcosity . VReTeg = VR.Teg
'12.8 Jel
19.9 9.3 0.87 ~0.19
25.0 15.5 l.24 +0.18
2940 1941 0.90 -0.16
31.0 23.2 1.55 +0.49
3640 2745 0.66 -0.,40
40.0 | 31.9 0.85 =0,11
42.2 3445 1.18 | +0.12
44.8 27.6 1.19 +0.13
47,0 39.2 1.18 | +0.12
49.0 42,0 1.40 +0.34
51l.1 43.8 0.86 =0.,20
53.0 45.9 .1.11 +0.05
654.7 47.9 1,18 +0.12
56.7 49,0 0.55 +0.51
5843 61.0 1.25 =-0,19

Moan value for K eccecccscccccccccscces 1.06
Averase deviation from mMOAN ecececceccccscscccsscccscscvccsonsns 0.22

Average deviation = 0622 X100 = 21%
Mean 1,66
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TABLE XII

Variation of Viscosity with Square Root of Reaction Time

V R.Te %-relative viscosity,
corrected for buffer .,
Loss in viscosity

Vv

K

calculated from
. = V2 =Ty

VReTe2 = V R.Te1

Page 87

deviation of K
from the mean

12,5 0

19.6 12.6 2.5¢ +0.93
28.8 2047 1.50 =0.11
32.1 24.9 1.82 +0.21
24.8 271 1.69 +0.08
37 44 29.3 1.35 =0.26
39.8 317 1.67 +0.,06
42,2 3345 1.25 =0.36
45,0 35644 1,07 ~0.54
Moan valuoe for K eeecccecccccccccccecs 16l

Avorage deviation from MeAN eecesccccccccscsscssscccccss 0632

Average deviation - 032 X 100 - 20%

Mean

= 161
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TABLE XIII

Page 88

Variation of Viscosity with Square Root of Reaction Time

v

K

Y R.T. % relative wiscosity, calculated from
corrected for bufferK.= r -V =V

Loss in viscosity V.Releg = V ReTey

deviation of K
from the mean

13.7 o]

20.2 24,1 2,09 +0.70
437 36546 1.98 +0469
2748 41,5 1,72 +0e33
3045 4549 - 1.46 +0.,07
3249 48,43 1,12 w027
3449 5063 0435 =094
373 65240 1.00 =0639
Mean value fOor K .ecceccecceccccsscses 1o39

Average deviation from me8n ceccccccccccccccsccscccccccce 047

Average deviation

Nean

- 0.47 X 100 - 34%
= 1.39 -
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TABLE XIV

Page 89

Variation of Viscosity with Square Root of Reaction Time

vV R.T. % relativz viscosity, calculgted from deviation of K
corrected for bufferg = = - V2 -V from the mean
Loss in viscosity VR.Tez = V R.Ta1

13.8 0]

2l.6 15.3 1,97 +0459

26.9 22.7 1.40 +0.02

3049 29,6 1.73 +0635

3745 3847 1.38 o]

40,1 41.7 1,15 =0.13

42.3 43.9 1.00 =038

4643 47.9 1.00 -0.38

Moan value for K eeseeecccccccccssccsse 1o38

Average deviation from me&N seecscccccccccsccccssscscocccs 0626

Average deviation . 0.26 X 100 _ 19%

Mean
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TABLE XV

Page 90

Variation of Viscosity with Square Root of Reaction Time

VR.T. & relativzvviscosity, ,calcuiited from  deviation of K
corrected for buffer T -V2 =T from the mean
Loss in viscosity -V'R.T.g = V R.Toy

1649 0

2349 1047 1.53 " +0420

28,7 19,0 1,76 +0442

327 2447 1443 +0,10

3549 29,3 l.44 +0,.11

388 3343 1,34 +0.01

41.6 3644 l.11 «0,22

43 .8 3940 1.18 =-0,156

45.8 40,7 0.85 =048

Moan value for K seecececccceccccccscee 1e33

Average deviation from MEAN esessececccssscesssscccccsosssecs 00217

Average deviation - 0.21 X 100 - 16%

Mean

1,33
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VISCOSITY AND SUBSTRATE CONCENTRATION The viscosity of hyal-

uronic acid solutionsincrease: at a greater rate than the rate at which
the concentration increases. This finding of McClean (108) was con-
firmed. The rate of decrease of viscosity by hyaluronidase cannot,
therefore, be taken to parallel the rate of disappearance of substrate.
The viscosity of a water extract of umbilical cord at various concen-

trations is showm in Figure 16, page 92,

Mucoprotein Clot Prevention Test

This mothod of testing for hyaluronidase was developed by lcClean
(113).

FRINCIPLE A mixture of hyaluronic acid and protein gives & stringy
precipitate or "clot" in the presence of dilute acetic acid. If hyel=-
uronidase has hydrolyzed the polysaccharide, the clot does not form.

UNIT A mucoprotein clot prevention unit (M.C.P. unit) is an amount
of enzymb which, after acting upon the substrate for 20 minutes at 37°C,
will Just prevent the formation of & clot when acid is subsequently ‘
added. |

PROCEDURE Appropriate dilutionsAof the sample to be tested are
made in a final volume of 0.5 ml. of distilled water in small serological
test tubes. One ml. of substrate is added to each tube and to & control.
The viscous substrate is mixed by inverting the tubes, using a piece of
waxed paper to cover the mouth of the tube. A fresh piece of paper is
used for each series of tubes, the addition of substrate and mixing
are started from the tube containing the highest dilution of enzyme.

The enzyme-substrate mixture is incubated at 37° for 20 minutes. The
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tubes are then placed in ice-water for 5 minutes in order to stop enzyme
action. After cooling, 0.5 cc. of 1 N acetic acid is added and the
tubes sheken or inverted. A clot or stringy precipitate will appear in
those tubes containing too little enzyme. Those with enzyme in excess
will not contain any strings. The greatest dilution of enzyme still
preventing the appearsnce of a clot is taken as the end point, and the
original sample is said to contain a number of M.C.P. units equal to
the number of times it was diluted in the end point tube.

SUBSTRATE The substrate 1s a mixture of hyaluronic acid and
serum protein. The serum protein is furnished by addition of normal
horse serum. The partiocular serum used must be tested to be sure that
it neither inhibits nor emhances the hyaluronidase activity. Some
ssmples of serum contain antibodies against bacterial hyaluronidasce.
More rarely, a serum with hyaluronidase activity will be found. Hyal-
uronic acid was supplied as a dialyzed tryptic digest of un'bilicai cord
conteining O 1% of potassium hyaluronete (see page ) or as 0.1-0.2%
solutions of potassium hyaluronate preparation (see page

The substrate-protein mixture is made in the following proportionss:

1 volume hyeluronate solution.
1 volume 1:10 serum -0,9% NaCl solution,
2 volumes of distilled water.

RELATION OF M.C.P. UNIT TO V.R.U. McClean (113) gives & ratio of

0.16 V.R.U. to 1 M.,C.P. unit for one sample, This relationship,
however, is quite variable, depending upon the dilution range in which
both measurements are being made, upon the particuler substrate used,

and so forth. For instence, in connection with antisera assays (page
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it was found that a single enzyme sample gave ratios of 14, 7.9, and
0e8 MeCoePo unitsto 1 VeRJUe McClean's (113) ratio is 1 VJR,U. to
6425 M.CoePe, but he also cites ratios of 3,5 to as much as 44,5 for
M.C.P.‘/ VeRUe The M.CoeP. test units and viscosity reduction test
units camm only be rolated to each other in a general waye. Possibly
they may not measure exactly the same effects of the enzyme.

PRECISICON OF THE M.C.P. TEST. Repeated tests on the same enzyme

sample with the same substrate usually result in identical end=points
when two-~fold dilutions are used, that is, when each dilution differs
from the preceding by 100%. Where 50% differences are used the end
point may vary by plus or minus one tube, and closer titrations are

more uncertain,

DISCUSSION

The technique of viscosity measuremsnt in Ostwald type viscometers
has been discussed by Cannon and Fenske (16). The magnitude of possible
errors is not great. For example, the instrument must be tilted 2.5°
from the vertical in order to cause an error of 0.1%. A deviation of 2°
is said to be readily detectable by visual inspection. Other likely '
errors such as drainage errors and surface tension errors are much
smaller. The technique of viscometry is about 100 times more accurate
than the viscometric test for hyaluronidase,

Although tests for hyeluronidase activity are not of the highest
order of acouracy, yet they appear to be sufficiently accurate for most

biological purposes,
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SUGGESTIONS FOR FUTURE WORK
The disappearance of viscosity during hyaluronidase action does

not follow Schutz's law, but the actual disappearance of substrate may
very well follow this rule. The amount of substrate required to pro-
duce a given fiscosity could be ascertained in solutions free of enzyme,
so that the substrate remaining after any enzyme action for eny given
time might then be deduced from the original viscosity. A straight line
function expressive of hyaluronidase action might thus be found,

Schutzt's law is the result of observations by Emil Schutz to the
effect that the quantity of albumin digested in a given time was pro-
portional to the square root of the amount of pepsin employed, and by
Borrissov and Samojloff, who showed that when the quantity of enzyme
is constant the extent of the digestion was proportional to the square
root of timees This subject has been examined by Moelwyn-Hughes, Pace,
and Lewis (133) and by Langmuir (80)s Haines (60) has found the law to
apply to the reduction in the viscosity of gelatin by bacterial gelw-

atinase. The Schutz-Borrissov equation may be written:

k w x
:Jﬁ T

where k = a constant

x

the amount of substrate hydrolysed
E = the concentration of enzyme

and T

the reaction time
This rule has been found t o hold for the action of pepsin on egg albumin,
the action of trypsin on fibrin, of pancreatin on egg yodk, of yeoast

ferments on cane sugar, and for the action of steapsin on fats (for
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references see 133), If the above equation is differentiated with

respect to T, it becomes

2p

ey

ax
at

Here it is seen that the rate of the reaction is directly proportional

i

to the concentration of enzyme end independent of the concentrationof
substrate.

The possibility of the Schutz-Borrissov law holding for hyaluron~
idase action on hyaluronic acid is shown by the wide applicability of
the law and by the fact that hyaluronidase action it directly propor=-
tional to the concentration of the enzyme and independent of the con-

centration of the substrats,

SUMMARY
The various tests for hyaluronic acid have been described and the
viscosity reduction test and mucoprotein clot prevention test have
been described in detail and explained. The pos sibility has been

suggested that the Schutz-Borrissov law may hold for the action of

hyaluronidase,
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V. PNEUMOCOCCUS HYALURONIDASE
INTRODUCTION AND HISTORY

McClean and Hale (107) have reported that filtrates from cultures
of a virulent type I pneumococcus grown on a complex medium exhibited
hyaluronidase activity; Meyer, Dubos, apd Smyth had earlier reported
it in autolysates of a rough type II pneﬁmococéus (120). Meyer, et
al (132) also demonstrated the enzyme in,prepafations from a smooth
strain of type II, from a type I strgin in bothrthe smooth and rough
phases, fromitwo strains of type VI, and one strainiof type III.
Thercultures were grown on complex media.

In tho present work the same enzyme is demonstrated to be in
filtrates of a type III pneumococcus culture grown on a semi-synthetic
medium free of protein, and the rate of its appearance with time of
incubation is measured. The presence of the potassium salt of hyal=-
uronic acid in the medium is showm to stimulate the production of hyal-
uronidase, and an increase in the rate of appearance of hyaluronidass
in such a medium is found to begin at about the time that bacteriolysis,
as oevidenced by decrease in culture turbidity, becomes evident.

Duran-Reynals, in his review (39) restates Aylward's conclusion (3)
that purified testicle hyaluronidase is not affected by X-rays.
Apparently no other work on the effect of radiation upon hyaluronidase

has been done. A determination of the susceptibility of pneumococcus
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hyaluronidase to irradiation by soft X-rays is included here.

EXPERIMENTAL

Culture Methods*

A Christ Hospital strain of type II pneumococcus, fermenting
inulin and soluble in bile, was maintained virulent by passage through
nice twice weokly. The mouse heart blood was cultured into a veal
phosphate broth made according to Park and Willkams' (145) directions
for making "Beef Heart Phosphate Broth for Pneumococcus,” with veal
substituted for beef heart, and Difco Proteose~Peptone used in place
of Park Davis peptone. This stock culture was subcultured into 10 cc.
of voal phosphate broth containing 0.2% glucose. After incubation for
five hours at 34°, 5 cc. of the subculture was centrifuged and washed
wish vitamin-free casein hydrolysate (S.M.A. Company, or hydrochloric
acid hydrolysed material made in this laboratory) basal medium recen-
trifuged and resuspended in 5 cc. of the basal medium. One-tenth cc.
of this washed suspension was used to inoculate 10 cc. of casein hydrol-
ysate medium supplemented with growth factors (for individual growth
factors see page 100) under "Supplement") and containing either glucose,
postassium salt of hyaluronic acid, or both, as carbohydrate source.

The potassium hyaluronate was prepared according to Meyer, et al
(124) (soo Appendix I, preparation number 110 ) omitting the precipita-
tion of protein with zinc acetate. Resldual protein was hydrolysed by
digestion with trypsin as suggested by Robertson, Ropes, and Bauer (150)
as follows: after as much protein as possible had been removed from a

neutral solution of the easily digsociable protein salt of hyaluronic

* Bacteriological work done by Elizabeth Badgsr.
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acid by shaking with chloroform-ethyl alcohol mixture (2), 1 gram of
trypsin (Coleman and Bell 1:100) was added per liter of saturated
solution of mucoprotéin, the pH adjusted to 9.0 with 0.5% KoCO03, and
the mixture incubated at 40° for two days. Undigested protein was
removed from the digest withlohloroform-ethyl alcohol mixture. The
resulting solution gave no precipitate with four volumes of 10% tri-
chloracetic acid and no protein-gel interface film on further shaking
with chloroform=ethyl alcohol mixture. The carbohydrate used in these

experiments gave a positive biuret test.

Enzyme Preparation and Assay

After iﬁcubation at 34° for varying periods of time up to 132 hours,
the culture was centrifuged and the supernatant fluid filtered through
a Mandler (9-pound) filter, Since unfiltered oultures were nover tested,
it is not known whether any loss occurs.on filtration. The enzyme
potency was estimated by the“fiscosity reducing test (see "Tests for
Hyaluronidase" pages to ). The enzyme potency was expressed in

V.R.U. (Viscosity Reducing Units) per ml. of original filtrate tested.

Growth Measurement

The relative amounts of bacterial growth were followed by measuring
the turbidity of the culture, using the photo-olectric turbidity com-
parator described by Krebs, Perkins, Tytell, and Kersten (76). In all
cases the value obtained for turbidity, due to growth, was corrected by
subtracting a figure corresponding %o the turbidity produced by the in-
oculum alone. The turbidity due to the inoculum was read from a tube

which was inoculated as usual and incubated concurrently with the
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experimental tubes, but from which one of the essential growth factors

(choline) was omitted.

Medium
The semi-synthetic medium for this strain of pneumococcus, was
developed by Elizabeth Badger (5) and was made up as follows:

Basal mediun - S.,M.A. vitanin free, or Cincinnati vitamin

free casein hydrolysate, hydrolysate from

S.M.A. vitamin free casein =500 mg. of

nitrogen
Cystine (S.MeA.) cocecsecsesccccccssasseee 26 mg.
Glutamic acid (Amino Acid Mfge A.P.) ceees 75 mg.
MgSOs (TH20) eececsscecessossscccscccsasse 200 mg,
EHOPO4 seceesecccsccccsccsocssscsscsscsses 5 grams
Distilled water to make | 1 liter
Supplement added to yield final concentration of:

Biotin (S.M.A. Crystalline or
SoMeA, #5000) cesecessscccncess 0.02 ugn/ec

Pantothenic acid (Ca=d-) eeseescessssse 1.0 ugm/ce

Choline (S«MeA.) ccecccccecssasesssecsss 5.0 ugm/ce

Ascorbic acid (Lederlo) ceeeesecssccsee 300.0 ugm/co

Glutamine (S«MeA.) ecscecerssesssssssse 150.0 ugn/co

The pH was adjusted to 7.6 (indicators) with sodium hydroxide.

Glucose was separately sterilized by placing the solution in a boiling
water bath for 1/2 hour. After the medium was autoclaved, this heated
solution of glucose was added when desired. Hyaluronic acid was

autoclaved in the medium. T his usually resulted in the formation of a
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flocculent precipitate containing part of the hyaluronic acid.

Results

The values of the amount of growth and hyaluronidase production
after various inoubation times are stated in Table XVI, page 102
and graphed in figure 17, vage 103. . |

The growth which took place when potassium.hyaluronate was the sole
carbohydrate source was only half as great as the growth which took
place on glgcpse. This may»bg due to removal of part of the potassium
hyaluronate by autoclaving (see "Sﬁggeation for Future Work.") page

When potassium hyaluronate was:the sole source of carbohydrate,
production of hyaluronidase increased steadily throughout the period
of incubation and finally rose to a value of 1730 V.R.U, per ml. This
contrasts with a corresponding walue of zero for a culture grown on
glucose. Although a culture grown on glucose was devoid of hyaluron-
idase, an inoculated glucose tube, in which growth failed for lack of
choline, showed 2.5 V.R.U. per ml., indicating that some hyaluronidase
was carried over from the veal broth seed culture. Hyaluronidase is
also produced on infusion broth-blood medium; a culture filtrate from
this medium contained 50 V.R.U./ml., even though no carbohydrate was
added.

A mixed carbohydrate source, half glucose and half potassium
hyaluronate, produced only 30 V.R.U., per ml, in 108 hours and had a pH
of 6.0 as contrasted with pH =6.7 for cultures grown on potassium
hyaluronate alone and pH = 4.8 for cultures grown on glucose alone.

A lag poriod of over 12 hours is evident before growth on

C—



8°¥ 0 69 - - - L°9 08LT (t)ee 22t
- - - 0°9 og g2 8°9 0281 0z 80T

- - - 1°9 144 12 0°L 0%8 12 ¥8

- - - 1'9 et 81 0°L 9g¥ og 09

. 8°% 0 2L 19 8t St 0°L 298 L8 9g
- 0091y ¥L 1°9 12 92 0* 81¢e e ¥2

- - w 0°9 02 o 0°L 292 02 61
8°s 0 29 1°9 ¥°9 8¢ 0°8 g8 2 21
- - 2t - 0 62 0°8 g°9 2= s /T 9

oo/*nucp sgTun oo\.:..uwﬁb s3Tun 00/° U A s3pun
uy ess¥p  A3TPrqIng uy eswp  A3TpTAINg up esvp A3TPTAINg. ewyy
gd  -7Uointefg Uy UgMoas Hd ~Juoin{eAH UT YpModp pd  ~JUOJNTSAE  UT Y3NOID uUOTIBqnouy

ungpew oo/3m g ‘esoontd

umypewm 00/3m g°Z 9300
-n73 funypom 09/3m g°2
e3vuoanyeAg wnysse3od

(unypeu oo0/3w g)

e3vuoanTvig umisssvjod

(%0To3svd ¢,1 ean3ty uy pe3jord st B3P STU3 JO 32ud)

SNO0000WNAN J0 HOILONAOYd ISVAINOYATVAH ANV HIMO¥D

IAX 376VE



2000 |

Fage 103

’ I T 1

_ Hyaluronidase Production bndl Growth of Preumecoccus

1900
1800}
1700

1600

1400

1300

1200

900
800
700
600
500

400

=

o

8
Viocoaity'Rcducing.Unip- per cc,

R S

(Plotted from da.ta in Ta'bl. XVI) z A

4

BN « G

rrected)
PN

o
el B

N
.
Qo

Hyaluronidase
Concentration b/

=
.

Growth in Turbidity Units (Co
£ i
SR S VB

i 1.0
0.8

0.6,

0.4
0.2

i

Incubation Timo -~ in hours at 540
60 70 80 90 100 110 120 120




PNEUNMOCOCCUS HYALURCNIDASE Papge 104

potassium hyaluronate is well established. The corresponding lag
period with glucose is less than 6 hours.

After 30~50 hours of incubation, tho hyaluronidese concentration
in culture subsisting on potsssium hyaluronate begins to rise at a

rapid rate. This rise in hyaluronidase is coincident with a clearing

of the culturee

The Effect of Soft-X-rays on Pneumococcus Hyaluronidase

Fifteen cc. of pooled pneumococcus culture filtrate from cultures
grown on potassium hyaluronate were diluted to 70 cc. with distilled
water. Samples of this dilution, containing 33.5 V.R.U. per ml., were
submitted to the action of soft x-rays of greatest intensity at the K
alpha line of copper, or l.54 Angstroms wave length and acting at a
distance of 3 cm. from the focal spot of the copper target. Before and
after irradiation, enzyme potency was estimated by the viscometric test
(see pages 59 to 68 ), Unirradiated cultures kept at the same tempera~
ture as the irradiated samples showed no loss of potoncy. In the
accompahying graph, figure TLA page 105, the per cent destruction of
enzyme activity is plotted as ordinate against irradiation time as
abscissa. A progressive disappearance of activity is evident as

irradiation is continued for long periods.

DISCUSSION
The "adaptive" nature of hyaluronidase production by pnoumococcus
is evident, since no detectable enzyme is produced in the absence of

the specific substrates Complex media are not necessary to the production
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of hyaluronidase, but the prexence of some hyaluronic acid in such
media may be inferred from the fact that a small amount of hyaluronidase
is produced upon them,

A drop in culture turbidity shows that lysis, clumping, or other
clearing phenomenon begins to take place at approximately the same time
that hyaluronidase appearance assumss a repid, regular rate. This
favors the view of Meyer, et. al. (129) that hyaluronidase is an endog=
enous enzyme in pneumococcus, and is released by lysis of the cell body e

The inactivation of the hyeluronidese by soft X-rays is an indicae
tion of the relative purity of the enzyme, since foreign protein pro=-
tects enzymes ageinst such inactivation. Thishes been found to be the
case for urease (160) and for Cl. welchii hyeluronidase (see pages 153
to 153« Aylward's (3) finding that testicular hyaluronidase was not
inactivated may be explained either on the basis of an inherent ree
sistance to X-ray or on the basis of the impurity of the "purified"
sample used. This latter contention is supported by Aylward's finding
that considerable protein could be removed from the purified testicular

hyaluronidase without removing any of the activity,

SUGGESTION FOR FUTURE WORK
While working with Cl. welchii it was found that autoclaving of
the medium with consequent Precipitation of part of the potassium
hyaluronate substrate, could be avoided. With this bacillus, simple

steaming or heating of the medium to 100. C. is sufficient to ensure
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growth of an unmixed oulture. The cultures so grown produce more
hyaluronidase than cultures grown on autoclaved medium, and growth is
also superior. The reason for the superior results presumably lies in
the complete availability of the substrete to the bacteris. The pneumo-
coccus should also be grown in steamed media; it seems likely that a
much improved yield of hyaluronidase would be attained, and that the

growth on potassium hyaluronate might be comparable to that on glucose.

SUMMARY

l. Pneumococous type III, C.H.A., strain is able to produce hyal-
uronidase on & semi-snythetic casein hydrolysate medium.

2. The hyaluronidase is produced as a strictly "adaptive" enzyme,
none eppearing unless the specific substrate, hyaluronic acid, is
present.

3. The presence of glucose in a medium containing potassium

- hyaluronate reduces the production of hyaluronidase to less than
one-fiftieth of the production on potassium hyaluronate alone.

4, Hyaluronidase introduced with the inoculum disappears in cul-
tures growing on glucose.

5. The most rapid, regular appearance of hyaluronidese coincides
with clearing of the culture.

6. Soft X-rays are able to inactivate pneumococcus hyaluronidese

in diluted culture filtrates.
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Vi. THE PRODUCTION OF HIGH TITER PERFRINGENS HYALURONIDASE

INTRODUCTION

In the course of studies on the production of active immunity to

infections by Clostridium perfringens, Type A, it was thought desir-

able to ascortain separately the protective value of each of two anti-
genic substances, Alphatoxin (leoiéhinase) and a spreading fector
(hyaluronidese), normally found in filtrates from cultures of mahy
strains of Cl. perfringens, Type A. It was thorefore necessary to
prepare these antipgens separately and in good titer. The Alpha-toxin
may be obtaineg;;:am hyaluronidase, without resort to chemical sep-

arations which possibly may damage the antigen, by the use of a strain

of Cl. perfringens, Type A., which produces Alpha-toxin but does not

produce hyaluronidase, for instance strain "Corcoran" (45). The exis-
tence of a strain which regularly produces hyaluronidase but does not °
produce Alpha-toxin has not yet been reported. This chapter will

describe methods whereby strains of Cl. perfringens, Type A which

normally produce both Alpha-toxin and hyaluronidase may be cultured on
protein-free media so as to produce high titer hyaluronidase in filtrates
with little or no Alpha-toxin activity or Alpha-sntitoxin combining power.
The effect of certain factors on hyaluronidase production alone, without

regard to Alpha-entigen, will also be discussed.
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Characteristi?s of the Antigens

The Alpha-toxin is hemolytic and lethal (66); it produces an
opacity with inactivated human serum and with egg yolk suspension (92,
142); and it is an enzyme whigh acts on leclithin prepesrations to re-
lease acid « soluble phosphorus thought to be phosphorylcholine (91)e

Hyaluronidase is an enzyme which hydrolyzes the complex poly-
saccharide hyaluronic acid, destroying its viscosity and preventing
its precipitation by acid in the presence of protein. It has been

characterized in pages to and pages

. HISTORY

The occurrence of a spreading factor in Cl. perfringens filtrates
was noticed by McClean (105) in 1936, and the presence of a mucinese
was reported by Robertson, Ropes and Bauer (150). The production of

hyaluronidase by Cl. welchii (Cl. perfringens, Type A)has been studied

by Meyer (129) and by McClean and Hale (108). The latter authors have
demonstrated its adaptive nature, showing that the inclusioﬁ of
potassium hyaluronate as a source of carbochydrate in Evans peptone
medlum increases manyfold the concentration of hyaluronidase yielded
by the culture. McClean and Hale make no mention of the Alrha-toxin

content or Alpha-antitoxin combining power of these filtrates,

.EXPERIMENTAL
It has been found possible to include a preparation of potassium
hyaluronate in several simplified, reproducible media, and to adjust

the culture conditions so that hyaluronidase yields of 1000-1500 V.R.U,



TEE FRODUCTION OF HIGH TITER PERFRINGENS HYALURONIDASE Page 110

per ml. could be obteined, with Alpha-toxin yields of only 0-10 IDgq
mouse I.,V. per ml,; Alpha-antitoxin combining power of 0-0.5 per ml.,

measured against National Institute of Health standard antitoxin.

Materials and Methods

POSTASSTUM HYALURONATE A purified white powder, consisting of a

mixture of complex polysaccharides containing 557 of hyaluronic salts
was prepared from human umbilical cords as described in chapter II
"Preparetion of Potassium Hyaluronate", pages 24 through 27.

PANCREATIC DIGESTS OF VEAL OR BEEF HEART* Finely ground veal or

beef heart was washed thoroughly in running water for several hours,.
The washed residue was covered with distilled water and boiléed for
16-20 minutes, allowed to cool, filtered through paper, and the
residue on the filter paper pressed dry in a clean cloth. The pressed
residue was suspended in 10 volumes of distilled water and grems of
ground fresh pancreas was added per kilogram of residue. The pancre&s
and beef residue were well mixed with each other andﬁwith a quantity of
toluene adequate to prevent bacterial decomposition of the digestion
mixture. Economy with regaéd to toluene mﬁy result in spoiled digests
which are not generally suitgble for gultur? media. The digestion
mixture was adjusted to pH =9 ;ith.ZQ% Na2C03 solution, and placed in
a 45° incubator. The digestion was allowed to proceed for 24 hours,
with adjustment of pH back to 9 after 12-1% hours. The acidity was

then adjusted to pH = 5 and the digest solution filtered through paper.

*These digosts wore made by Dr. M. A. Logan
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The filtrate was adjusted to pH = 7.6 with 20% Na2003 and stored at 4° C.
under a leyer of toluene. Total solids in each digest were determined by

drying at 110° C. for 20 hours and weighing the solid residue.

PAPAIN DIGEST OF BEEF HEART* One kilogram of beef heart grossly freed

of fat, is ground, mixed with 4 liters of water, and the suspension ad-
'justed ‘t'o pH = 7.0 with NaOH. The suspension is maintained at & temper-
ature of 60° C. and 0.5 gm. of vpap‘ain powder'(Mer'ck) is added every 1/2
hour for 2 1/2 hours, the pH being kept at 7.0. The digest is then

boiled for 5 minutes to destroy the papain, the pH adjusted to 5.5 with

.

HC1l, and filtered, Lo

CASEIN HYDROLYSATE This was vitamin-free acid hydrolyzed casein

obtained from Difco (Casamino acids) or S.M.A. Company, in which case it
was used in the medium in a concentration of 1.0-1,5% solids, or it was
prepared by acid hydrolysis of vitamin-free casein (Difco) aécording to
the method of Mueller (217,218), in which case it was used in the medium
in a concentration of 1000 to 1600 mg. of nitrogen per liter of medium.
The higher figure for nitrogen content of the medium usually resulted in

higher yields of hyaluronidase.

RISV ER

VITAMIN SALT SUPPLEMENT This supplement was made up double strength
end added to veal or beef heart digests or to casein hydrolysate, in such

quantity that the final concentration of salts and vitamins per liter of

*These digests were made by Dr. M. A. Logan
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completed medium was as follows:
NapHPO4 12H90 eeccccacecocscscocccccocseceaaesSe76 grams
KHoPO4 eccectoccecccscoscacscescccceccrccaccne0e48 i
MgSO04 7 HoO ceecoccsccscccacocccsscccccnccacea0s04
Ca~d-pantothenate eececececccccesccesccscccocee@.001
nicotinic acid ceececcscoccccaccacecccccaacaeal.001
thiamine sececescccececcceaccccccceccecscacaea0.001
PYTidoxine cecececcesccocccccssccscscsccencaas0.001
pimelic acid eceeseccecsceccccdeccoccaacaccaaees001
riboflavin cececccccccccccccccrcccscscaccaceae0.0001

MEDIUM The complete medium was prepared as follows:

Veal or beef heart digest, or casein hydrolysate ,‘J jBacto-Tryptose,
salt vitamin supplement, and distilled water were added in such propor-
tions as to give a final concentration of 4 to 4.5% total digest solids
or 1,0-1.5% casein hydrolysate. The mixture was heated to Ie‘.ffect com-
plete solution and the pH was adjusted to 7.8. As the sole source of
carbohydrate, 0.5% (final concentration) of potassium hyaluronate pre=-
paration was dissolved in the complete medium by sheking &t 34% C. The
media were then sterilized by filtration through 8 1lb. Mandler candles,
or by steaming for 20 minutes at 1 pound pressure, or by heating in
boiling water for a half hour. Media were then -easeptically distributed
to the appropriate tubes.

Uninoculated controls were incubated with each group of tubes in-
cubated to assure control in sterility.

CULTURES Six strains of Cl. perfringens, type A (B. welchii) were

studied: BP6K, BP364 (British) BP365 (British), WX (from Dr. Ried through
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the U.S. Nat'l., Inst. of Health), 1508Ad (from Dr. Ivan C. Hall), and
BG6 (:f.‘;cm Eli Lilly Research laboratories). These strains were kept as
stock cultures on a routine casein hydrolysate-salt-vitamin medium
supplemented with shreds _of alcohol-ether extracted beef heart, and con-
taining 0.6% dextrin.

INOCULUM Before use for the preparation of a seed culture, the
stook culture was either passed through 300-400 gram pigeons, or sub-
cultured twice on two succeeding days. The seed culture was made as
follows: 1 cc. of the pigeon passed or subcultured stock was inoculated
into casein hydrolysate-beef heart broth containing 0,6% dextrin and the
seed culture allowed to grow for 6 hours at 38° C, The seed culture was
centrifuged, washed twice with potassium hyaluronate medium, and then
taken up in potassium hyaluronate medium equal to twice the original vol-
ume of seed culture. One-half ml. of this suspension was inoculated into
the bottom of 40 cc, of potassium hyaluronate medium contained in a
200 X 25 mm. tube.

INCUBATION The cultures were incubated at 37® C. When & volume
of medium equal to or less than 40 cc. was used, somewhat better yields
were obfained by incubating under reduced air pressure.

CLEARING AND FILTRATION The cultures were cleared by centrifuging

through 8 1lb, Mandler candles or Seltz sterilizing pads. The loss of
hyaluronidase titer on filtration is negligible.

SPECIFIC PERFRINGENS ANTISERA

1. Horse serum from hyperimmunized perfringens horsec. Preserved
with phenyl mercuric acetate (1:10,000) and 50% glycerol.

2. Refined perfrihgén antitoxin., Preserved withglycerol.
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3. National Institute of Health Standard Perfringen Antitoxin.

STANDARDIZED PERFRINGENS ALPHA-TOXIN A perfringens Berkfeld fil-

trate preserved and stabilized by dialysis against C.P., glycerol for 18
hours at 4-6° C. The IDgg mouse IV titer was 660 per ml. The antitoxin
combining pow?r (LB) was 7.7 units LDgp against National Institute of
Health Standard Antitoxin.

HYALURONIDASE ASSAY Hyaluronidase concentration in the filtrates

was measured by the viscosimetric and mucoprotein clot prevention tests
(see chapter IV, pages to and pages

ASSAY FOR ALPHA-TOXIN AND ALPHA-ANTITQXIN COMBINING POJER*

The Alpha-toxin (lethal toxin) content of the culture filtrates was
assayed by the following methods:

l. Intravenous and Intraperitoneal injections intol7-22 gram mice.

2. By a turbidimetric modification of Van Heyningen's (162)
lecitho-vitellin method.

3« By the assay of acid soluble phosphorus hydrolyzed from purified
lecithin. (Unpublished method by Boyd and Logen).

Alpha-antitoxin combining power was determined by seversl methods as
follows:

l. Modified method by Seal and Stewart (153) using egg-yolk-borate
instead of inactivated human serum.

2. Lecithin acid soluble phosphorus method (unpublished method by
Boyd and Logan).

3. Mouse assays (intravenous and interperitoneal injections).

*These assays were performed by Dr. A. A. Tytéll
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DEFFERRATION Iron was removed from beef heart and veal digssts,

or from casein hydrolysates, by precipitating Caz (PO4)2 in the solutiom.
Two mM of CaCly, was added for each liter of the digest, the pH adjusted
to 7.6-7.8, and the digest heated to 80% C. An equivalent amount of
NagHPO4 was then added and heating continued until a flocculent precipi-
tate of Cag (POg)s formed. This precipitate adsorbed the iron, and was
removed by filtration., The deferrated digests usually gave a barely
detectable test for iron when 0.1 cc. of digest is used as sample in the
ot ! dipyridyl test (49). If necessary, the deferration is repeated
until the test shows only this minimal amount of iron. The limit of

identification of iron with this test is 0,03 micrograns.
' RESULTS

Inocubation Time

The laboratory strain of Cl. perfringens BP6K was inoculated into
the bottom of 260 cc. of medium contained in a large test tube. The
nitrogonous componsnts of the medium were furnished by including 4,5%
of a tryptic digest of beef heart and the carbohydrate was supplied by
0.6% of potassium hyaluronate preparation. The tube was incubated at
37° C., From time to time 5 cc. samples were aseptically withdrawm
from the top of the culture and assayed for hyaluronidase. These

results are given in Table XVII , and graphed in figure 18, page 117,
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TABLE XVII
Hyaluronidase Production on Tryptic Digest of Beef Heart

(This data is graphed in figure 18 page

Time of Incubation Hyaluronidase
at 37%* Ce Concentration
in hours in V.R.U./ml. medium

20 686

48 1076

68 1315

90 1371

120 1389

Cl. welchii, strain BP6K, was inoculated into the bottom of 10 cc.
of medium contained in ordinary test tubes. The nitrogen in tho medium
was supplied by Labco vitamin-free casein hydrolysate added so as to
furnish 1625 mgm. of nitrogon per liter of medium. Potassium hyaluron-
age, 0.5%, was dissolved in the medium, and 0.1% glucose or dextrin were
added to certain tubes. Duplicate tubes were inoculated, one of each
pair being incubated for 18 hours, the other for 45 hours, at 37% C.

The hyaluronidase concentrations attained are given in Table XVIII,
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TABLE XVIII

Hyaluronidase Production on Casein Hydrolysate

Carbohydrate
added
in percent
K hyaluronate 0,5
K hyaluronate 0.5
+ glucose
0.1
K hyaluronate Q.5
+ dextrin
0.1l

Incubation Time

Hyaiuronidase

in hours

18
45
18
45
18
45

in V. R.U7ml medium

160
388
188
160
223
360

An experiment similar to those described above was run using

samples of various tryptic digests of beef heart,

usaed in each tube,

Ten ml. of medium were

FeSO4. 7 H20 was added to a concentration of 240 mgm.

por 100 ml. of medium.

The results are in Table XIX, page 118.

TABLE XIX

Hyaluronidase Production on Digest of Beof Heart with Added Iron

Digest
Number

in hours

Incubation
Time
14,5
60
14,5
60
14,5
60
14,5

60

Hyaluronidase
Concentration

in V,R.U./ml. medium

2380
416
2567
366
300
465
250

316
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Our laboratory strain of Cl. welchii PB6K was inoculated into the
bottom of 4.5% veal digest medium containing 0.6% of potassium hyal-
uronate preparation, as before. The media was tubed in 40 cc. quantities.
Inoculation was at 37%, under reduced air pressure. At appropriate inter-
vals after the start of incubation a tube was removed and assayed for
hyaluronidase. The values obtained are given in Table XX, page 119

and graphed in figure 19, page 120, .

TABLE XX

Hyaluronidase Production on Tryptic Digest of Veal

Time of incubation Hyaluronidase
at 37° in vacuo Concentration
in‘hours in V.R.U., per ml. medium
17 600
44 ‘740
60 900
80 972
120 931
200 880
300 727

The foregoing results indicate that hyaluronidase concentration in
these cultures reaches a maximum after 60-100 hours of incubation. The
enzyme is stable in the presence of the organisms and disappears from
the culture only very slowly after the maximum concentration is reached.
About two-thirds of the maximum concentration is attained within 20

hourse.
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Incubation Temperature

Satisfactory yields of hyaluronidase may be obtained when the cul-
ture is incubated at 34 to 40° C., Other temperatures were not inves-
tigated. The yleld at 42° is samowhat smaller than the yields at 34 or
37° C. No time curve was run at 42° C., but it is presumed from the
moré rapid growth at this temperaturé that the hyaluronidase concen-
tration will reach an earlier peak. Comparative data are shown in
Table XXI, page 122, The cultures were grown on casein hydrolysate
medium containing 1600 mg. of nitrogen per liter and 0.5 % of potassium
hyaluronate preparation. They were incubated for 30 hours at the temp=-

erasture indicated,

Nitrogen Source

As shown in Table XXII, page 123, the best yields of hyaluronidase
produced by our laboratory strains of c1. perfringens BPEK were obtained
on 4.5% beef heart and 4.5% veal tryptic digest media. Lower percentages
of digest in the medium resulted in lower yields. Higher percentages of
digests have not been tried. The usual per cent of casein hydrolysate
used in the medium in from 1.5 - 2% as "casamino acids" (Difco). If
more than 2% of casamino acids are used, growth is poor. The hyaluron-
idase yield is cut down in 3% casamino acids and is reduced to negligible
traces in 4% casamino acids.

The poorer performance of cultures growing on casamino acids com-
pared with that of cultures growing on meat digests 1s consistent and
striking., A number of supplements were added to casein hydrolysate

media in an attempt to supply a factor which would increase the yield
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TABLE XXI

Hyaluronidase Concentration and Incubation Temperature

Incubation FeSO4 . 7TH20 add=- Hyaluronidese
Temperature ed to medium Concentration
in ° C. in mgm/100 ml.  in V.R.U./mle medium
34 + 0.5 043 80
37 + 0.5 0.3 82
42.5 + 2 0.3 48
34 + 0.5 0.6 112
37 + 0.5 0.6 118
42,5 + 2 0.6 84
34 + 0.5 0.9 89

37 + 0.5 0.9 109

42,6 + 2 0.9 BT
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TABLE XXII

Hyaluronidese Yields in Different Media Containing Potassium

Hyaluronate
Medium Hyaluronidase Concentration
in V.R.Ue o ml, medium

Casein Hydrolysate, 200
1600 mgm. N, per liter 380
4% Bacto Tryptase 620
680

3.8% papain digest | 685
of beef heart 742
4,5% tryptic digest 1150
of beef heart 1389
4,5% tryptic digest 1380

of veal 1400
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to the same level as that produced on meat digests, without succoss.

The supplements tried were: iron (as FeS04 « 7H29),rcduced metallic

iron, hemin, various elkalino extract£ of hog brain, various fractions

of tryptic digest of beef heart separated according to solubility in
methyl alcohol-water mixtures and electrophoretically, chloroform extract
of beef heart, and yeast. The supplemonts which most greatly increase
the yleld of hyaluronidese over the yield on unsupplemented medium were
hemin and a filtrate from alum precipitation of alkaline extract of brain.

Unheated tryptic digest of beef heart was not tried.

Effect of Iron

When FeS04 . 7 Hp0 is added to these media in a concentration of
about 3 mg. per 100 ml. of medias, or greater, a cloudy white precipitate
forms at the point of entry of the concentrated iron solution into the
medium. It seems likely that this precipitate is ferrous phosphate,
Foz(PO4)p « 8 HpO, which is insoluble in water. As the culture grows, at
least part of the iron is reduced to the metallic state and remains sus-

either or sulfide,
pended in the medium/as black colloidal iron,/or falls to the bottom as
e fine black silt. Despite these changes, deferrated cultures grown on
tryptic digest of meat media show no significant variation of hyaluronidase
vield in the presence or ebsence of iron. Deferrated casein hydrolsate
media, however, supports the growth of Cl. welchii BP6K on potassium
hyaluronate only very poorly in the absence of iron and hyaluronidese is

absent, or very nearly so in these cultures. This affect is showm in

Table XXIII. The iron is not wholly replaceable by hemin,
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TABLE XXIII
Effect of Iron on Hyalufonidase Production in Deferrated

Casein Hydrolysate Media

Experiment FeSO4 « 7THp0 or other Hyaluronidase
No. iron source added Concentration
in mgm. per 100 ml. in VeR,U./ml.modium
I o] 10
8 cc of media in 0.3 42
13 X 200 mm. tubes
1600 mgm N./1. 0445 69
0.60 63
0.90 58
1.8 63
II 0 0
1600 mgm N./1. not deferrated 280
III o 0]
1,6% casamino 24,0 171
acids
solid reduced Fe 60
hemin, 58 mgm
100
Iv
1.6% casamino 0 20
acids plus 0.02%
dextrin in addition 24.0 114
to the usual 0.5%
potassium hyaluronate  solid reduced Fe 87

hemin, 58 mg
60
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The ferrous sulfate crystals were dissolved in 0.1 N HCl in such
concentration that the requisite quantity of the salt to be added to
40 cc. of medium was contained in a volume of 0,05 - 0.15 ml, This
volume of O.,1 N acid does not significantly alter the pH of 40 ml, of
medium. The iron solution was sterilized separately from the modium
by autoclaving for 20 minutes at 20 pounds of steam pressure.

In one serias of deferrated casein hydrolysate culture tubes
without added iron, no growth had taken place after 38 hours of in-
cubation. At this time FeS04.7 H20 was added in a final concen-
tration of 1.2 mgm/100 ml. of medium. After twelve hours, growth
was fairly under way, and growth equal to that attained in culture
tubes was reached in 18 hours.

Concentration of Potassium Hyaluronate

The limit of solubility of the potassium hyaluronate in the media
used is about 0.6%. The cultures were usually grown on a concentration
of 0.5% or 0.6%. The higher percentage is felt to result in higher
ylelds, but no strict comparison has been made. The yield of hyal-
uronidase increases with increasing concentrations of potassium hyal=-
uronate, up to the limit of solubility. This effect is illustrated in
Table XXIV, page.127, The ylelds were obtained after 48 hours incu-
bation on deferrated cascin hydrolysate supplemented by wvarious
anounts of ferrous sulfate. The effect of carbohydrate in excess of

the limit of solubility has not been tried.
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TABLE XXIV
Effect of Potassium Hyaluronate on Hyaluronidase Production

(deferrated casein hydrolysate medium)

Potassiun
Hyaluronate FeSO4 « 7 H20 Hyaluronidase
Concentration added Concentration
in per cent in mgm per 100 ml. in V.R.U. per ml. medium
0.1 0.6 25
0.25 0.6 61
0.50 0.6 150
0.1 1.2 44
0.25 1.2 68
0.50 1.2 134

Effect of Other Carbohydrates

The highest yields of hyaluronidase are obtained when hyal-
uronic acid is the sole source of carbohydrate in the medium. The
presence of other carbohydrates along with potassium hyaluronate,
especially of glucose, sharply reduces hyaluronidase production.
Production is lowest in media from which hyaluronic acid has been
onitted and some other carbohydrate has been included. #mong these
other carbohydrates, strain BP6K produces more hyaluronidase when
utilizing polysaccharides than when it does utilizing simple sugars
such as glucose. Some of the experimental data which led to these
conclusions are included in Table XXV, pagoe 128. Table XXVI, page

129, contains data on comparative production of hyaluronidase on
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TABLE XXV
Effect of Different Carbohydrates on Hyaluronidase Production
. %
. Experiment Medium Cgrhohydrate'Sourde K Hyalurénidase ,
_ No. . . L i Concentration
- oo in per cent ! “in VeR.U. per ml
‘ - medium :
1 Casein hy- 0.5% K Liyaluronate 388
‘ ~_.drolysate o S '
o 0.5% K hyaluronate 360
- 40.1% dextrin :
0.5% K hyalurcnate 160
+0.1% glucose , o
0.5% glucose 0
2 Casein hy=-  0.5% K hyaluronate 282
drolysate . +0.06% ‘glycogen’ ‘ _
0.5% K hyaluronate 205
+0.25% glycogen
0.5% K hyaluronate 175
4+0.62% dextrin
0.5% K hyaluronate 164
+0.25% dextrin
0+5% K hyaluronate 136
+0.52% glucose
0.5% K hyaluronate 55
+0.25% glucose
0425% glucose ld
3 Casein hy- 0.6% dextrin 66
drolysate
0+6% glucose T
0.6% maltose 25
4 4% Tryptic 0.6% dextrin 125
digest of '
beef heart 0.6% maltose 45
0.6% glucose 56
5 2% Tryptio 0.9% dextrin + 88
digest of 0.006% K hyaluron=
beef heart ate
0.09% dextrin + 87
04004% K hyaluron-
ate
0.9% dextrin + 74
0.001% K hyaluron-
ate
0.9% dextrin 67
6 Brewers 0.2% X hyaluron- 185
thioglycol- ate
late medium
002% glucose 34
0.6% dextrin 100-300
" (usual variation)
7 4.0% Tryptic 0.6% K hyaluron- 800-1400

digest of
beef heart

ate
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TABLE XXVI

Comparative Production of Hyaluronidase by Strains BP6K and BG6

Page 129

Strain Medium Carbohydrate Incubation Hyaluronidase
added Time at 34° Concentration
in percent in hours in V.R.U, per
- ml. medium
BG6 shredded 0.6% glucose 745 8
beef heart
+
BPSK ~cagein hy- " " 7
drolysate
BG6 " " 16,5 11
BP6K " " " 15
BG6 " 0.6% maltose 7.5 40
BP6K " " " 25
BG6 " " 16.5 48
BP6K " " " 30
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TABLE XXVI (Continued)

Comparative Production of Hyaluronidase by Strains BP6K and BG6

Strain Medium Carbohydrate Incubation Hyaluronldase
added Tims at 34° Concentration
in percent in hours =~ in V.R.U. per
ml, medium
BG6 shredded 0.6% corn dex- 7.5 5%
beef heart trin e
+
BP6K +cagein hy- " 7.5 66
drolysate
BG6 tryptic di- 0.6% glucose 16.5 45
goest of
BP6K beef heart " " 56
BGS " 0.6% maltose " 69
BP6K " " " 45
BG6 " 0.6% corn dex- " 83
" trin
BP6K " w " 100
BGS " 0.6% potatoe n 113
dextrin

BP6K " " " 126
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glucose, maltose, and dextrin.

Various Strains of Cl. Perfringens, Type A

Most of the work has been done with a laboratory variant of strain
BP6K. The strain was selectively cultured for antigen production,
those cultures which produced the highest concentration of alpha anti-
gen in the medium being chosen as seed. In the course of threo years,
the productivityof the shr#in increased manyfold., There is a parallel
\between production of alpha antigen and production of hyaluronidase,
and the hyaluronidase production of thls strain has increased con-
currently with the production of alpha antigen.

The other strains examined were BP364 (British), BP365 (British)
WX (from Dr. Ried),1508 Ad (from Dr. Ivan C. Hall) and BG6 (from the
Lilly Research laboratories). Strains WX and 1508 were not found to
produce hyaluronidase on any of the media tried. Strains BP364 and
BP365 did produce hyaluronidase, although in lower concentration
than the laboratory strain of BP6K. Strain BG6 was found to produce
approximately the same concentration of hyaluronidase as BP6K, on the
media tried. The BG6 strain. was not cultured on the media per-
mitting the highest levels of hyaluronidase production. The comparison
between BP6K and BG6, therefore, is probably made at suboptimal levels
of hyaluronidase production.

Strain 1508 Ad was recelved in an agar shake. A portion of the
agar was inoculated into 40 cc. of casein hydrolysate media, con-
taining 1600 mgm of nitrogon per liter of medium. Carbohydrate was

furnished by 0.6% of glucose and accessory factors by the addition
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of 1 gram of shredded, fat-solvent extracted beof heart. The culture
grew well at 38° C. This culture was subcultured into both casein hydrol--
ysé#e and tryptié digest of beef heart media, containing glucose and
dextrin, respectively. From these tubes, successive subcultures were
made into casein hydrolysate and tryptic digest media containing ground
fat-extracted umbilical cord, and hyaluronic acid-protsin complex.
After several subcultures, 1 1/2 ml. of culture was injected into the
breast muscle of a 400 gram pigeon. In 24 hours, the pigeon died, and
a portion of the breast muscle was cultured into similar media. Subcul-
tures from this pigeon muscle culture had increased in wvirulence, since
0.6 cc. was now a fatal dose for a pigeon. Portions of muscle from the
second pigeon passage were cultured into casein hydrolysate media con-
taining potassium hyaluronate, and, after a period of storage, into
4.5% Bact-Tryptose medium containing potassium hyaluronate; altogether,
33 subcultures were examined. No hyaluronidase activity (by viscosity
reduction test) was found in any culture. Although growth took place in
media containing potassium hyaluronate or hyaluronic acid-protein, the
viscosity conferred on the modium by the presence of hyaluronate was
not destroyed. Since only a small fraction of a Viscosity Reducing Unit
of hyaluronidase will destroy the viséosity of hyaluronic acid, it
soems likely that strain 1508 Ad did not secrete hyaluronidase into the
medium in any significant amount or at any stage of its development.
Strain WX, received from the U.S. National Institute of Public
Health, also proved not to produce hyaluronidase. A smaller series of
subcultures was examined in this cass.

Comparative data for strains BP6K and BG6, obtained at a level
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of hyaluronidase production less than the best levels known to be ob-
tainable with BP6K, are included in Table XXVI, page 129. As may be
seen from the table, the relative production of the two strains varies
with the particular carbohydrate source used.

The hyaluronidase production of BG6 in media containing 0.6%
potassium hyaluronate is recorded in Table XXVII, page 132. Incubation

at 38° C. was continued for 60 hours.

There is some indication of an iron requirement on tryptic digest

media with strain BG6 at this level of productlon.

TABLE XXVII

3

Production of Hyaluronidase by Cl. Welchii, Strain BGE

Carbohydrate source: 0.6% potassium hyaluronate

, FeSO4 .7H20 Hyaluronidase
Medium added . Concentration
in mg per 100 ml in V,R.U.per ml. medium
Casein hydrolysate 0 133
F+ 0.1% yeast extract
" 12.0 198
" 24,0 : 154
Tryptic digest of 0 270
Beef Heart

12 290
24 353

48 222
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Table XXVIII, page 133, particularizes the comparative output of
strains BP6K, BP365, BP364, BP1508, and BPNX on 4,5% Bacto Tryptose
medium containing potassium hyaluronate. Table XXIX, page /73, compares

BP6K and BP364 when grown on media not containing potassium hyaluronate.

TABLE XXVIII
Hyaluronidase Production by Various Strains of Cl. Welchil

Carbohydrate Source: 0.5% potassium hyaluronate

Medium Strain Hyaluronidase Concentration
in V.R.U. per ml. medium
4,5% Bacto Tryptose BP6K 680; 630; 620

BP365 450; 390

BP364 265; 190

BP1508 o]

BPAWX o

TABLE XXIX

Comparative Hyaluronidase Production by BP6K and BP364

Incubation Time: 16 hours

Strain Medium Carbohydrate Hyaluronidase Concentration
in. V.RaU. Per mlo mediu.m
BP6K 4% tryptic digest of 0.9% dextrin 193; 206
beef heart
BP364 " 166; 184
BP364 4.7% tryptic digest 0.6% glucose 133
of beef heart 56

BP6K (not run concurrently - value taken from Table XXVI, page
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Alpha Antigen Concentration

Culturos grown on potassium hyaluronate and incubated for 60 hours
or longer contain practically no alpha toxin or alpha antitoxin com-
bining power. Scme alpha antigen (about 60 M.L.D, of toxin) arises in
the first 8-16 hours of incubation, but this is destroyed before the
hyalurcnidase is harvested at 60-100 hours. Alpha antigens were deter-
mined as described in this chapter under "Materiasls and Methods"™ pages
113 to0114. The lowest titer of alpha toxin tested for by lecitho-
vetellin turbidity method was 1 . K,L.D.; the lowest titer tested by
the mouse intravenous injection method was 1 M,L.D. The lowest titer
of alphe antitoxin combining power (alpha toxoid) tested for by the
lecithinase method (measuring the acid soluble phosphorus split from
lecithin by an excess of indicator toxin) was 0,1 unit; the least
titer tested by the mouse protection test was 0,05 unit. These results

are given in Teble XXX, page 135.

DISCUSSION

The invariable response of hyaluronidase-producing strains of Cl.
perfringens, typé A to being foroced to subsist on hyaluronic acid as
sole carbchydrate source is 2 greatly increased production of hyal-
uronidase. Glucose, glycogen, dextrin, and maltose are perhaps more
"avalleble" substrates tham is potassium hyaluronate, since the response
to hyaluronate largely disappears if these carbohydrates are included in
the medium along with the hyaluronate,

Many of the cultural phencmena, such as the effect of iron, of size

of the inocula, etc., have been studied principally under conditions of



Page 135

- - 1 V 803J) 061

- - 1. ooy 392 $92dd
- - 1,/ 1°0 06¢
- - > T*0 03% g92dd
8T°0” g*0 2> - 029
81°0” 0081y 1> - 0g9 ¥odg esogdfag-og08g oG H
0°0) g0 1> 01> 2L
q188Y Joeq JO
go*0) 50°0) D) 0°1 > 989 ¥odd 3se37p ursdsd ¥%g'e
50°0. 80°0> 1> 0°1) 6881
qI8eY Jeeq JO
50°0.) 90°0> 1> 01> TL8T ¥odd 4se3tp oradhag ¥s'y
81°0. o081y 2> [TLECY 00¥1
. T894 JO
81°0.” oouly 2> e0vI] 082t d9dd 9se3tp otydhay gy
81°0> 62°0,> 2 o t> 002
. 09 ungpeu /N wdm 0091
- - 19% a1 0°1)> 091 ¥odg  e3esftoupAy uteswe)
980 AT 3804 08q7 9seq gseq uyrrests oTw Jed °O*y°A UT UTed3S unypey
8SNOoj 98¥UTY3 08T dI esnoj £q =oyztoel £q UOT38JIJUSOUOY
es88pTUOINTBAH

Jemod FUTUTqUWOn
utxo3Tquy syudy UOT3BIZUGOUOH UTXOF, BYATY

*) LLS 3B SINOY +09 3IUOTFBANOUT
egvuoanyely umtssezod ¢9°Q :e38IpAyoqrs)

8038131y suedutIIed *1) JO jusjuc) ue3jyuy eyy

XXX J18VE



THE PRODUCTICN OF HIGH TITER PERFRINGENS HYALURONIDASE Page 136

low hyaluronidase production. It is possible that restudy at higher
levels of production might discover other effects,

The production of filtrates of high hyaluronidase concentration
which are at the seme time devoid of alpha antigen is a step towards
the elucidation of the role each of these antigens plays in active
immunization to Cl. perfrinpens +type A infections. This production on
protoin-free media facilitates the purification of bacterial hyaluron-

idase.

SUGGESTIONS FOR FUTURE WORK

A supplement to cassin hyﬁrolysate medis which will raise hyal=-
uronidase production on this medium to the valuea produced on meat
digests is still to be found. As a first step, a detormination of the
approximate amount of the supplementary material necessary should be
made by adding graded amoun&s of meat digest %o“cusein hydroiysato )
media.

The reason for difference in the iron requirement for optimum
hyaluronidase production on casein hydrolysate and on meat digests
should be investigated. It may be that the precipitation of ferrous
phosphate in the casein hydrolysate favorable alters this medium, by
removal of phosphate, or by adsorbtion of part of one or more con-
stituents of the medium, or both.

The hyaluronidase yields reported in this chapter were obtained
by using a preperation conteining 56% of hyaluronic acid salt. It is
easily possible to prepare a matorial containing over 88% hyaluronic
acid salts (see "Preparation of Potassium Hyaluronete", pages

Use of the purer preparation might increase the yleld of enzyms.
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The high concentration of enzyme produced in & protein-free medium
provides en excellent source of bacterial hyaluronidase for purificatim.
Various physical and chemical means have been described for the purifi-
cation of diffusing factors. Although most of the published work has
been done with testicﬁlér hyaluronidase, it may well be that the pro-
cedures described will serve for the phrification and concentration of
bacterial enzyme as well. The factor can be precipitated with basic
lend acetate (134), with acotéﬁe (235, with various heavy‘metal salts
(47), or as a flavianate (128). Non-active materiel may.be precipitated
by neutral lead acetate (97) or with ecetic acid (49,72). The factor
may bemlted out by addition of (NH4)2S04 and inactive fractions re-
moved by lesser concentrations of (MHa)2S04 than are required to precip-
itate the enzyme (94,97). It may be adsorbed on charccel at neutral pH
and eluted at pH = 5 (102), adsorbed on ortho aluminum hydroxide
(alumina,«)gamma) and eluted with dilute sodium carbonate or basic
sodium phosphate (94), or adsorbed on kaolin, from which it is said to
be selectively eluted by pyridine (94). It may be adsorbed upon calcium
phosphate, from which it can be eluted by 1/5 saturated ammonium sulfate,
similerly to the alpha toxin (this thesis, page 151). It mey be adsorbed
on Lloyd's reagent (this thesis, page 151) or on Fullers earth (97). It
may be concentrated by evaporation at 25° C. (this thesis, page 150 ).

' Many inactive materials or precipitants can be removed by dialysis (105).
Hyaluronidese can be electrodielysed ( 3 )e <—

The published propertlies of hyaluronidase make it seem likely that

purification might be successfully effected by following a procedure

similer to that of Straub (1567) in his preparation of lactic dehydrogenase.
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The activity and the reaction constants~.. of purified hyaluronidase
might shed some light on the question raised by Meyer (132) and by
McClean and Hale (108) as to whether hyaluronidased activity cammot be

divided into polysaccharase and cligosaccharase phases.

SUMMARY

l. The effect of such cultural conditions as incubation time and
temperature, nitrogen and carbohydrate sources, added extracts, supple-
monts, and iron, upon the production of hyaluronidase by several strains
of Cl. perfringens type A growing on protein-free media, has been
studied.

2. Cultural conditions have been defined under which fair to good
yields of hyaluronidase (up to 1400 V.R.U. per ml. of medium) are pro-
duced in the absence of alpha antigen. The three principle conditions
necessary to this production are: (&) growth on hyeluronic acid or its
salts a8 sole source of carbohydrate; (b) incubation for upwards of 60
hours; and (c) the presence of an enhancing factor found in meat
digests but not in casein hydrolysate. Four strains of Cl. perfringens
type A produced hyaluronidase while two strains did not.

3. Suggestions as to methods for purification and concentration of
the hyaluronidase have been made. The production of the enzyme on a
protein-free medium should facilitate such purification; its production

free from alpha antigen should facilitate immunization studies,



Page 139

VIIs . THE PRODUCTION OF HYALURONIDASE BY OTHER MICROORGANISMS

INTRODUCTION

A broad survey of representative species of bacteria, yeasts,
and molds was originally intended. Opportunity was found to complete
only & small part of this intention. A complete survey of hyaluron=-
idase production of various microorganisms would be useful in inter-

preting their benign or pathogenic behaviour, and mode of livinge

HISTORY
Spreading factors have been found to be secreted by many
species of bacteria, but these factors have not always been identified
with hyaluronidase. For instance, Ungar and Bacharach (161), using
the skin diffusion test, detected spreading factor in many different

mioroorganisms, including an unknown strain of Saccharomyces

cerevisias and an unknown strain of Penicillium, Since the skin test
is purported to be more sénsitivo than in vitro tests for the detec-
tion of hyeluronidase, it can be said that hyaluronidase was probably
absent from their negative cultures, but not necessarily present in
their positive cultures. McClean (105) has found hyaluronidese in Cl.
sopticum (Vibrion septique) cultures, and in cultures of some strains

of Cl. novgl, but not in Cl. tetani cultures.
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EXPERIMENTAL
Yeast

Saccharmyces cerevisiae, Gebruder-lMayer strain, was grown for 24

hours on Sabouraud agar and then a loopful was inoculated into a
coxpletely synthetic medium to which glucose or hyaluronic acid has been
added. The medium was made up according to Snell, Eakin, and Williams
(165) as follows:

l-aspartic acld eeeccececccccsccccccasses 0Ool gram

(NH;;)ZSO4 - Y . B

KHoPOy eceeveccceconcacccascencccacncccees 2 g

caclz © 0000000000000 000000000000 00006000000 0033 EmO

MgS0y . THpO eeceeescccccccescccsccnnnnns 0025 gme
HzBOz, Zn90,, MnCl,, T1Clg ecececceccsssss 1 mgmeeach
F9013 eececsscessssessscescccsscssssscsas 0O¢b mgme
CuSo4 o SHyO cvcecensesececcccecaacscesess 0.1 mgm.
KI cceeccscacoscesesososaceacecacscssnnnnse 0ol mgm,
INno8itol eevcecccccccccccsccccccsscccncsasn 5 mgm.
beta 2lanine seeeecscccccsccccccccssscsass 0o5 mgm,
Thiamine chloride eecececcececccsscccscese 20 Pem.
Pyridoxin ceececceeccccccsccccacesscccaces 20 Peme.
Distilled water to make eecececceccscsesse 1 liter
Dextross or potassium hyalurcnate were dissolved in the medium as
indicated in Table XXXI and ten oc. volumes of the mesdium were placed
in 100 cc. Erlenmeyer flasks plugged with cotton and autoclaved at 10
lbs. steam pressure for 10 minutes. After inoculation, the flasks were

placed in a shaker and incubated at room temperature for 23 hours, with
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reguler gentle shaking. The experimental data are given in Table XXXI,

page
TABLE XXXI
Hyaluronidese Production by Gebruder lMayer Yeast
Flask Carbohydrate Growth at 23 hours Hyaluronidase
No. added 7 o concentration
1 2% dextrose good 0
2 2% dextrose good o 0
3 2% dextrose iione o}
uninoculated control none o]
4 045% K hyaluronate fair to poor 0
5 0.25% K hyaluronate fair to poor o
6 +1% dextrose good o]

The original'visoosit& still persisted in the potassium hyale
uronate flasks, after incubation, indicating that no hyaluronidase
had been produced at any time during the incubation.

Since Chain and Duthie (18) heve reported that shaking inectivates
testicular hyaluronidase, it was thought possible that the shaking
might have inhibited hyaluronidase production. To check this point, the
experiment was reported in 11 X 220 mm. tubes. TWhen these were placed
in the shaker, a gentle rotary motion of the medium took place. Growth
was perceptible, but not as good as in the previous experiment. No

hyaluronidase waﬁ@roduced in any tube.
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The offect of a complex medium was tried, in order to test the
‘poasibility of some unknown factor being nocessary for hyaluronidase
production. To this end, Sabouraud's dextrose broth, maltose broth, and
potessium hyaluronete broth were prepared by dissolving 6§ grams of
Bacto Peptone in 500 cc. of distilled water and then adding 4% of
dextrose or maltcse, or 0.5% of potassium hyaluronate, to portions of
tho peptone solution, Ten cc. quantities of medium were pleced in
100 occ. Erlenmeyer flasks and incubated with a loopful of Gebruder
Mayer yeast foom a 6 hour culture in maltose broth. The flasks were
shaken at room temperature for 36 hours. A flesk containing casein
hydrolysate medium similar to that described in the chapter on "Produc-
tion of Cl. welchii Hyaluronidase" was included in the run, as was &
flask containing some yeast extract (Difco). The protocol constitutes
Table XXXII, page 143,

Molds

A stook culture of an unknown species of the Penicillium glaucium

was obteined from the Bacteriology Department of the University of
Cincinnati, After 10 days of growth on Sabouraud's agar, 9 cce of
sterile water was introduced into the tube end & suspension of spores
made by shaking slightly. One-tenth cc, of this suspension was inocu-
lated into 5 cc. of medium conteined in 25 cc. Florence flasks. Some
of the cultures were incubated at room temperature in the dark, while
others were incubated at 37° C., Thesge latter cultures were shaded from
direct sunlizht. The followﬁng media were used: (a) Czapek-Dox medium

consisting of glucose, 20 grams; KHyPO,, 1 gram; MgSO,, 1 gram;
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THE PRODUCTION OF HYALURONIDASE BY OTHER MICROORGANISMS

Production of Hyaluronidase by Gebruder Mayer Yeast

Flask Medium Carbohydrate« Growth at Hyaluronidase
No. 36 hours Concentration
1. dextrose broth 4% dextrose good 0
2. maltose broth 4% maltose good 0
3. hyaluronate broth 0.5% K hyal- poor 0
uronate
4, 1/2 dextrose 2% dextrose good )
broth,1/2 hyal- -0.25% K
uronate broth hyaluronate
Se 1/2 maltose 2% maltose good 0
broth, 1/2 hyal- 0.25% K hyal-
uronate broth uronate
[N dextrose broth uninoculated none 0
control
T cesein hydroly- - 0O.b% K hyal- poor o]
sate uronate
8. yeast extract 0.5% K hyal- poor 0
uronate
Se maltose broth 6 hour cul- fair 0
ture
10. dextrose broth 6 hour cul- fair o

ture
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MgSO, o THy0, 05 gram; KCl, 065 gram; NallOz, 240 grem; and water to
make one liter; (b) Czepek-Lox medium using 0,5% of potassium hyaluron=
ate instead of glucose; (c) Czapek-Dox medium with glucose and the
additbon of 042% of peptone; (d) Shell, Eakin and Williams (238) yeast
mediun, as given on page 140, with the addition of 2% glucose; (e)
Snell, Eakin and Williams medium with 0¢5% potassium hyaluronate
instead of glucose. The protocol of this experiment is given in Table
XXXTIII, page 145,

No hyaluronidase was found in any of the cultures, nor wes the
viscosity conferred by the added potassium hyaluronate destroyed.

Penicillium notatum was cultured on Czapsk-Dox medium to which
0.6% of potassium.hyalurona}e had geen added. Growth was subsurface
and slow. The viscosity of the medium was not changed after inoubation

for one month and therefore no hyaltironida.se was produceds

A culture of Trichophyton. interdigitals failed to produce any

hyaluronidase when grown Sabouraud dextrose broth at 34° C.
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TABLE XXXIII

Production of Hyalurcnidase by & Penicillium Glaucum Species

Medium Time of Growth Hyaluronidase
Incubation ) Production
‘Czgpok=-Dox 2 days Jjust perceptible 0
+ glucose 9 days fair L
18 days mature
Czaplek-Dox + 2 days None (o}
K hyaluronate 9 days none
18 days none
Czapek=Dox + 2 days slight
peptone + 9 days good
glucose 18 days mature 0
Snell and 2 days none
Williams + K . 9 days slight
hyaluronate 18 days slight 0
Bacteria

The production of hyaluronidase by pneumococcus end by Cl. perfrin-
gens has been discussed in separate chapters. Several other members of
the gas gangrene group were examined for hyaluronidese production.

Clostridium sordelli, strain CS4 (obtained from Lederle Labor-

atories), was found not to produce hyaluronidase on casein hydrolysate
media supplemented with shreds of beef heart, when glucose or dextrin
was used as carbohydrate source.

Clostridium septicum (Vibrion septique) strain V.S. 23 lacks

hyaluronidase when grown on casein hydrolysate-meat media containing
glucose and no hyaluronic acid. TWhen the glucose was limited to 0.1%
and fat solvent treated umbilical cord was added to the casein hydroly-

sate medium, some hyaluronidase activity was apparent (about 0.5 V.R.U.
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per ml.). Vhen the glucose concentration in the medium is doubled,
hyaluronidase is no longer detectable. Another strain of Cl. septiocum
(Cincinnati strain B) produced over 1 V.R.U. per ml. of medium when
grown on 4% veal tryptic digest medium with added serum and 046% of
glucose as carbohydrate. This same strain produced between 5 and 10
V.R.U. per ml. of medium when grown as proteose peptone plus veal
infusion and where potassium hyalurcnate acted as sole carbohydrate
source.

Clostridium Novyi strain N21, from Lederle Laboratories, was

repeatedly tested for hyaluronidase production without positive
results. The cultures tested were highly toxigenic and had been
repeatedly pigeon-passed. The cultures were grown in various media
including casein hydrolysate supplemented with meat, beef heart infu-
sion broth plus proteose-~peptone, casein hydrolysate supplemented with
defatted liver or kidney, tryptic digest of kidney, tryptic digest of
umbilical cord, and Brewer's thioglyccllate medium containing potassium
hyaluronate but no glucose,

B. tularensis* was grown on a gelatin hydrolysate medium plus
glycerole. It failed to grow on potassium hyaluronate in the same
media. The oulture was passed through a Berkfeld "N" filter; the
filtrate tested negatively for hyaluronidase.

A B. tetani toxin from Parke Davis and Company, which was labeled
as containing 10,000 mouse M.L.D. per ml., had no hyaluronidase
activity.

* Bacteriological work done by S, Gibby
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SUGGESTION FOR FUTURE WORK
The survey should be extended to include representative members
of the different classes of bacter;;ﬁfungi, with special effogt-
directed towards the production of hyeluronidase on synthetic media of

known composition.

SUMMARY
1. Two strains of Cl. septicum have been found to produce small
amounts of hyaluronidase on complex media where glucose is absent or
in low concentration.
2. Gebruder-Mayer yeast, aﬁ unknown species of Penicillium

glaucum, Penicillium notatum, Trichophyton interdigitale, Cl. sordelli,

Cl. novyi, and B, tularensis were found not to produce hyaluronidase
under the conditions tried.
3+ A sample of commercial tetanus toxin was found to contain no

hyaluronidase activity.
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VIII. ©PROPERTIES OF HYALURONIDASE

INTRODUCTION AND HISTORY

Some properties of bacterial hyaluronidase have been discussed
in more or less casual fashion by authors cited in previous chapters,
particularly Madinaveitia (95), Meyer et al (129), Chain and Duthie
(18) and McClean and Hale (108). A much greater amount of work, though
still by no msans an exhaustive survey, has been done on the properties
of testicular hyaluronidase. How many of the data apply-to both the
testicular and the bacterial enzymes is unknown, but both quantitative
and qualitative differences betwoen mammalian and bacterial enzymes
and between the various bacterial enzymes themselves, are apparent from
tho work of the authors cited. In the data given below,the hyaluron-
idase used is Cl. perfringens, Type A, enzymo, unless another source

is specified.

EXPERIMENTAL

Stability

Stability to Storage

Cl. perfringens hyaluronidase, prepared as desoribed in Ghapter IIj,

is quite stable to storago. Of two early proparations made on casein
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hydrolysate media with ground dried beef heart and separated from
bacteria by filtration, one lost 8% of its activity after storage for 2
months at .4° O. whilo the other lost 10% after 6 months of storages
This loss is ;ithin»tha limits of error of the viscosity reduction method,
A sample concentrated by adsorption on CazP0, (see pagel51 ) and contain-
ing over 900 V.R.U, per ml. showed no loss on storage at room tempsra-
ture for seven days. Several cultures grown on tryptic digest of veal
were pooled, centrifuged, and the clear supernatant fluid preserved by
addition of one part of phenyl mercuric acetate to 20,000 parts of
medium. This sample, assaying 750 V.R.U. per ml., showed no loss of
activity after storage at 4° C. for three months. The pH of these Cl.
perfringens cultures varied fetwaen PH = 645 and pH = 7.2. Cultures
stored at 4° C. showed no loss of activity for 5~7 days, even though

no effort wag made to remove the bacteria. Only a very slow loss of
activity occurs in cultures kept at room temperature or even at 37° C,
This is borne out by the variation of hyaluronidase concentration wﬁth
time of incubation of the culture (see page115). A filtrate preserved
by dialysis ageinst glycerol retained its hyaluronidase activity of
2400 M.C.P. units per ml. unchanged after 60 days storage at 4° C, This
same glycerolized preparation was diluted to l/BOO of its origiﬁal cone
centration with distilled water, kept for § hours at room temperature,
then transferred to a 4° C, refrigerator and stored over night. The
next morning the diluted proparation had all of its activity, and it

still possessed &1l this of activity after a further 8 hours at room

temperature.
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High dilutions (1 V.R.U. per ml.) of hyaluronidase in M/
acetate buffer plus 1l.2M NaCl, as used in the viscosity reduction test
(see page 65) have occasionally shown 20-30% loss of activity after
remaining at room temperature for 3-6 hours.

Hyaluronidagzygiobiﬁitatef from culture media when the media are
saturated with ammonium sulfate. The dried, powdered precipitate
showed the same hyaluronidase activity when brought into solution
after 6 months storage at 4° C. as it did when an equal quantity of the

freshly dried precipitate was dissolved.

Stability to Heat

The hyaluronidase is inactivated after being placed in boiling
water for 30 minutes or by heating to 60° C. after 4 hours. It is

stable at room temperature and up to 38° C,

Stability to Ultrafiltration

A sample was concentrated by ultrafiltration through Visking

cellophane sausage casing without appreciable losss.

Stability to Evaporation

Samples have been concentrated.by evaporation in vacuo at 25° c,

without loss, at the pH of the culture filtrate.
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Stability to Filtration

Hyealuronidase may be filtered through Berkfeld or Mandler candles
without loss, at the normal pH of culture filtrates. Either pressure or

suction filtration is satisfactory.

Stability to Adsorption

Hyaluronidase may be adsorbed on Cas(PO4)2 by the method
Van Heyningen (162) gives for the adsorption of alpha~toxin, and
eluted by means of 1/5 saturated (NH4)250, without loss, or with little
loss (for literature referonces to various adsorptions see page 151 )e
This is in agreement with Robertson et al (150) who adsorbed Cl. welchii
mucinase on calcium phosphate in 50% acetoneband recovered the mucinase
by dissolving the adsorbent with acetic acid. The enzyms is also

adsorbed on Lloys'!s reagent.

Stability to Precipitation

. The enzyme in Cl. welchii filtrates may be precipitated by cold
alcohol® and recovered by resolution, in 30-85% yield, depending upon
the conditions of precipitation. A very considerable purification, in
terms of weight of nitrogen per V.R.U., is effected. A woight of 0.2
micrograms of protein nitrogen or less, may be associatod with one
V.R.U., Due to present conditions, detailed information on the

technique of alcohol precipitation is restricted.

* These precipitations were carried out by Dre. Milan A, Logan
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-

Saturation of culture filtrates with (NH4)2SO4 precipitatos
some of the hyaluronidase. Only a small fraction of the total activity
is recovered in the precipitate, possibly due to a partial denstura-

tion.

Hyaluronidase-antigen is found in commercial alum-precipitated

toxoids.

Stability to Formaldehyde

Several formalized Cl. perfringens type A toxin filtrates were
found to contain only a very small part of the original hyaluronidase
aotivity. After incubation for 3 weeks at 34° C. with 0.2% formalde=
hyde, two filtrates declined in activity as foilows: (a) from 26
V.R,U./ml. to 1 V.R.U.;ml.; (b) from 50 V.R,U,/ml. to less than
1 V.R.U./ml. Two other filtrates also declined in activity to less
than 1 V.R,U,/ml, Since hyaluronidase is stable to storage, formalde~
hyde was evidently able to inactivate the enzyme.

This finding is not in agreement with that of McClean (106), who
found no loss in activity after treatment of a El, welchili toxin with
formaldehyde. The discrepancy may perhaps be explained by assuming
that foreign protein, present in the complex medium used by McClean,
protected tho hyaluronidase from being inactivated, while .the protein-
free medium used in the present study afforded no such protection,

A sample of commercial formalized fluid toxoid (Lederle Labor-
atories, #178 H124) which was free of alpha toxin activity, still

retained 64 M,C,P, units of hyaluronidase acktivity per ml,
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The formaldehyde-inactivated hyaluronidase retains its anti-
genicity and, upon injection into humans and animals, gives rise to

circulating antihyaluronidase (page 176).

Stability to X-Radiation

Although as much as 4 hours exposure to x-rays of greatest

" intensity at the K alpha line of copper, or wave length 1.54 Angstroms
failed to inactivate hyaluronidase in filtrates from Cl. perfringens
cultures grown on casein hydrolysate medium plus ground dried beef
heart, the sams exposure of an alcohol=precipitated sample resulted in
loss of 89% of the original activitye. This instance is similar to
that found by Tytell and Kersten (160) for urease. Inactivation by
x-radiation took place with purified samples, while impurities

'

protected the enzymes,

Stability to Antibiotics

PHENYL MERCURIC ACETATE. A saturated solution of this germicide

was made in the buffer ordinarily used for the viscosity reduction
test (see page 65)s The value obtained for hyaluronidase concentra-
tion of a Cl. welchii culture filtrate, by the use of the saturated
phenyl mercuric acetate (PMA) buffer was compared with the value
obtained when ordinary buffer was used, and also when buffer only 1/@
saturated with P.M.A. was used. Table XXXIV, page 154 , shows that the
saturated P.M.A, solution inhibited hyaluronidase action by about 25%,

while the 1/2 saturated solution had no effect.

* Sample rayed by Dr. H. J. Kersten
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TABLE XXXIV

Effect of P M A on Hyaluronidase

Hyaluronidase
Concentration Concentration
of PMA found
V.R.U., per ml,
0 45; 43
saturated 32
1/2 saturated 45

SULFONE DRUGS. Saturated solutions of each compound were made

in citrate buffer, and the saturated buffer used as diluent in the
viscosity reduction test. Comparison was made with the values for
hyaluronidase obtained with ordinary buffer. No inhibitory effect
was produced by sulfaguanidine, sodium sulfathiazole, acetyl sulfan-
ilamide, or acetyl sulfathiazole. Sulfadiazino and sulfapyrazine
produced a mild inhibition, the hyaluronidase activity being about 20%
lower.

These results agree with those of McClean (110) who found that
neither sulfanilamide nor sulfapyridine inhibited the in vitro
activity of the enzyme., |

MOLD PRODUCTS. Each mold product was dissolved in physiological

salt solution in a concentration of 1 mgm. of antibiotic per mle. of
solution. One mle. of Cl. perfringens type A culture filtrate was
incubated with 1 mle of the antibiotic solution under test for 30
minutes, and the mixture then assayed for hayluronidase activity. The

magnesium salt of penicillin had no effect on hyaluronidase activity,
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either alone or when glucose was added (on the theory that a glucose
oxidase effect might be involved)e Aspergillic acid (AsEergillus
flavus compound) reduced the hyaluronidas activity from 67 V.,R,U. per

mle to 45 V,R.U., or a reduction of about 30%.
Is Acid Produced During Early Hyaluronidase Action?

To 3 cce. of synovial fluid maintained at 37° C, there was added
Oe.l cc. of enzyme solution containing 870 viscosify reducing units
per oc. (VeR.U. per cc.). No change in the color of added phenol red
or of broﬁ thymol blué indicators was noted as compared to similar
tubes to which boiled enzyme solution was added. Observation was
discontinued after 8 hours.

Five co. of a 0.26%.solution of hyaluronic acid in dilute’NQOH
was placed in each of 6 test tubes, together with 2 drops of phenol
red indicator. The pH was adjusted to 8,0 with dilute HC1l and O.1l cc.
of a highly potent (870 V.R.U.) enzyme solution added to some tubes
but not té others. No color difference was observed between the
experimental and control tubes, even after 6 hours at 34°.

Six cce of 0425% solution of hyaluronic acid, plus é drops of
phenol red, were placed in a viscosimeter at 37° and O.1 cce. of enzyme
solution added. There was no perceptible color ?hange on addition of
the enzyme, nor was there any change at the end of 20 minutes, when
the fiscosity of the solution had reverted nearly to that of diztilled
water. At this time 043 cc. of 0.01 N HC1 were added. 4 distinot

color change was noted, indicating a change in pH to pH = 6.8~7.0.
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Evidently significent amounts of free acid are not liberated

during the early action of hyalurcnidase.
Specificity

Action on Glycogen

A mixture of 35 cce of a 5% solution of glycogen with 046 cce
of a Cl. perfringens filtrate containing 11 V,R,U. per mle did not
undergo any loss of viscosity after incubation for 100 minutes at 37°C.
A mixture of 4 cc. of 10% glycogen in 0.85% NaCl with 0,5 cc. of the |

same enzyme solution was similarly unaffected.

Action on Dextrin

A slow decrease in viscosity, amounting to 5% after 40 minutes
inoubation at 37°, was observed when a Cl. perfringens filtrate c on=-
taining 11 V.RJU. of hyaluronidase per ml. was mixed with 5 or 10%
suspensions of dextrin in 0,85% NaCl. The amylase activity of Cl.

wolchii filtrates has been noted by McClean (108),

Action on Gastric Mucin

A C_l. perfringens culture filtrate and a culture filtrate of
D. pneumonise were tested for activity in reducing the viscosity of
gastric mucin,

One gram of commercial gastric mgein (Armour and Company) was
shakon with 100 cc. of distilled water, yielding a milky suspension,
Five cc. of 'this suspension was mixed with 1 cc. of the bacterial

filtrate under test or with 1 co. of g 1/5 dilution of the filtrate in
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oitrate buffer and the mixture incubated at 37° C. Viscosity determina-
tions were mede from time to time. The results are expressed in
Table XXXV, page 157. Heat inactivated (30 minutes at 100°C.) filtrates

woere used as controlse.

TABLE XXXV

Action of Filtrates on the Viscosity of Gastric Mucin

Filtrate . Duration of | Viscosity loss minus
used reaction loss in control
in hours in per cent
Undiluted perfringens 26 16.9
filtrate = 48 eReUs

Perfringens filtrate
diluted 1/5 with 9.5 3e4

citrate buffor =

946 V.R.U, 22 246
Undiluted D. Pneu-

moniac filtrate = 26 0
380 V.R JUe

If the viscosity of water be taken as the limit of possible reduc=-
tion in viscosity, then the gastrioc mucin lost sbout 1/2 of its viscos-

ity after 26 hours of incubation with Cl. welchii (B. perfringens)

enzyme A-lthough the pneumococcus filtrate contained more then 7 times
. the concentration of hyaluronidas present in the Perfringens filtrate,
it failed to change the viscosity of the gastric mucin suspension.
Hence it is impossible that the viscosity loss produced by the per=-

fringens filtrate is due to hyaluronidese. This same perfringens fil-
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trate effected 100% decrease in the viscosity of syncvial fluid in 4

minutes of incubations

Neutralization of Hyaluronidase by Antisera

Investigation of the neutralization of hyaluronidase is a
necessary preliminary to a determination of the value of, and possi-
bility of securing, antispreading sera., For this reason, and because
of the statement of V/eed et al (167) to the effect that reactions
cbtained with Cl. perfringens toxin may be prevented by high concentra-
tions of heterologous sera, the effect of various antisera on hyal-
uronidase activity was studied. Hyaluronidase from both Cl. per-
fringens type A, BP6K strain and D. pneumoniae type III, C H A strain,

was usede.

Cl. perfringens Hyaluronidase

Cultures grown on casein hydrolysate medium supplemented by
dried beef heart were centrifuged at 4° C., filtered through a
Berkfeld candle, and the filtrates concéntrated to 1/4 of the
original volume by evaporation at reduced pressure and a temperature
of 25-28° C, These concentrated filtrates were then used as stock
source of enzyme in the viscosity reducing tests. The enzyme source
for the mucoprotein clot provention tests was either an emmonium
sulfate precipitated dried tofin, or a glycerol-dialyzed filtrate from
a culture grown on tryptic digest of beef heart,

The effect of a serum was determined as follows: 1/2 cc. of

stock enzyme solution (for viscosity reduction tests) or of an
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appropriate dilution of enzyme (in the M.C.P. tests) was mixed with
1/2 cc. of appropriate dilutions of entiserum and the mixture main-
teined at 37° C, for 30 minutes. At the end of this time the mixture
wa.s immedia‘beiy tested for ‘hynluronidase activity. The activity found
for the serum-enzyme was compared with the activity found for enzyme
solutions similarly incubated without serum.
Table XXXVI, pagelsSO , and figures 20, 21, and 22, pages 161,
162 , 163, show: that high concentrations of several heterologous sera
inhibit _C_l_. perfringens hyaluronidase to a greater or lesser extent,
but this non-specific inhibition quickly disappears upon diluting the
serum. Welch specific antisera, however, retain their inhibitory
powor at high dilutions. The data shown in Table XXXVI and figures
20, 21 and 22 were obtained with the viscosity reduction test against
a solution containing 48 V.R.U. per ml. The following sera did not

inhibit Cl. perfringens hyeluronidase:

normal horse serum (2 samples)
sntibrucella serum (Bacteriology Depte U.C.)
antitularemia serum (Bacteriology Depte U.C.)
hystolyticus antiserum (Lederle #4307)

" n ( " #3983)
Tetanus unrefined ( "  $6799)
Meningococous unrefined ( " F#44340)

botulinus unrefined ( "  #123v)
rebbit antipneumococcus Type I (Lederle #286),
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(\This data is plotted in figures 20, 21 and 22)
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1/600  0,00166 42,3
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The following sera did not inhibit in the highest concentration: Normal horse serum (one sample);

anti-brucella horse serum; Bact. Dept. UsC, 5120 u/oo; anti=-tularemia horse serum (flocculating

serum); Bact. Depte U.C.; histolytious antiserum Lederle #4307, 50 = 200 u/cc; histolyticus antiw

serum Lederle #3603, 60 - 200 u/cc; tetanus unrefined serﬁm, Lederle #6799; meningococous unrefined

serum, Lederle #A4340; botulinus unrefined serum, Lederle #123 V; unrefined rabbitt pnsumococous

type I serum, Lederle #286,
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Figure

Inhibition of Perfringens Hyaluronidese by Antisera
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One-helf mle of serum from a rabbit which had been immunized
with fluid formalized Cl. perfringens toxoid neutralized 69 VR, of
hyaluronidase contained in 1/2 cc. of a filtrate from a culture grown
on infusion broth and hyaluronic acid. One cc. of sera from other
immunized rabbits neutralized 160, and 148 V,R,U., respectively.
Serum from & guinea pig immunized with alum precipitated neutralized
88 V,R,U, per ml. of serum.

Other data on neutralization of perfringens hyaluronidese with
antisera were obtained by the use of the mucoprotein clot prevention
test, in connection with antigenicity studies. A brief qualitative
summary will be given here. Details may be found in the antigenicity
section, page 175. <The following horse sera were tested by the mucow
protein clot prevention test and found to be without any inhibition

of the MsCeP. vel ue of a standard glycerol preserved perfringens

filtrateos:
Botulinus unrefined (Lederle #123V)
Tetanus " v #6799
Meningococcus " " $A4340
Histolyticus h " 43983
Novyi (pooled) (Lederle Leboratories)

A 1:900 dilution of Lederle perfringens specific serum containing 160
anti-alphe units per cc., neutralized 4 M.C.P. units of enzyme.
Another Lederle serum, #@838, preserqu'with SQ% glycerol and ocontaine
ing 50 anti-alpha units per cc., failed to noutralize the seme con-

centration of enzyme in dilution greater than 1:4.
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Nineteen samples of normal dog blood, 10 samples of normal
rabbit blood, 7 of normal mouse blood, and 6 of normal guinea pig
blood did not show any antihyaluronidase in the serum.

Of 119 normel human sera tested, 12 had natural circulating
antibodies against perfringens hyaluronidase.

After immnization with formalized toxoids or with hyaluron-
idase, many of the negative sera developed anti-hyaluronidase (see

next section on antigenicity of hyaluronidase).

D. Pneumonise, Type II, Hyaluronidade

The enzyme was produced as described in Chapter VI. The effect

of a serum was determined in the same manner as with Cl. perfringens
using a senple of

hyaluronidase (see pageléB ),/pooled, filtered culture diluted with
distilled water so that it contained 30 V,R.U. per ml. Results are
given in Table XXXVII and are depicted graphically in figures 23 and
24. No type specific antipneumococcus serum'was availeable. The
Lederle Tetanus Standard Flooculating Sérum is by far the most
potent inhibitor. Since this serum is a blend of meny different
horse sera, the possibility of the contribution of specific anti=-
bodies from the semum of a horse recovered from Pneumococcus type II
infection is increased. The following sera did not inhibit in any
degree:

normal horse serun (one sample)

refined perfringens serum (Lederle #66886)



TABLE XXXVII

(This date is graphed in figs. 23 and 24) Hyaluronidase

Percent Inhibition of Pneumococcus Type III, CHA, by Antisera
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Hyaluronidase hy Sera

) .. Figure 23+
Inhibition of Pneumoooccus
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Discussion

Many heterologous horse sera inhibit hyaluronidase action when
in high concentration. The inhibition may be distinguished from that
of type specific sera by‘its failure to "titrate out,”™ that is, to
persist in dilution of the serum. Non-séecific inhibition is
encountered more frequeﬁtly in commercial horse sera than among other
species, This may perhaps be partly accounted for by the commercial
practice of immunizing one animal with several antigens; many horse
sera designated as "monovalent" thereforeactually contain several
different types of specific antibodieses Natural immunity probably
also enters into the picture hereo

Almost 9.5% of the human sera tested contained antibodies
against perfringens hyaluronidase. The most likely source of the
entigen seems to be the intestinal flora, which is often actively rich
in gl, perfringens, whose toxins sometimes pass the intestinal
barrier (1434).

A perfringens antiserum which was efficacious in suppressing
perfringens hyaluronidase had no effect on pneumococcus enzyme, thus
indicating the specificity of the neutralization.

MoClean (105, 108) and Hobby et al (64) have also found that
hyaluronidase is inhibited by specific antisera, without cross

neutralization,
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Flocoulation of Antisera by Hyaluronidase

The hyaluronidase containing filtrates produced particulation
and flocculation with a refined specific perfringens horse antiserum,
Lederle #2147F, containing 1500 units of antl alpha-toxin per cce. *
The technique of flocculation was the Ramon, or B, procedure in which
varying amounts of antiserum are added to a constant amount of antigen
and the most rapidly flooculating mixture is taksn to be the optimal
proportioning pointe The flocculation was carried out at 37-40° C.
Table XXXVIII, page 171 , shows the optimal proportion points foﬁnd
for filtrates of different hyaluronidase concentrations. It will be
seen that the ratisof hyaluroﬁidase concentration to antiserum dilu-
tion is approximately constant and equal to about 0,0063 cc. of this
serum per 400 Viscosity Reducing Units of hyaluronidase. Those data
are graphed in figure 25, page 172 . The protocol of a typical
flocculation test is given in Table XXXIX, page i73; a graph on page 174,

The supernatant fluidsz from the flocculated tubes were completely
devoid of hyaluronidase activity, indicating that flocculation too
place at or near the neutralization point. The supernatants from
tubes containing an insufficient quantity of serum showed hyaluron-
idase activity, which decreased progressively as more and more serum

was added, until the end point was reached.

* This has been confirmed by Mr., Parsons of Lederle Laboratories,
using 2 different specifioc antiseba.
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Figure 25

Flocculation of Antisera by Hyaluronidase

Lsgend

Solid bars show actual quantity
of gerum at the optimal proportions points.

Cross hatched bars show the ratio, ml. of

15 _semmt 428 V. Re U,

10 |—o

42
8 voRoU. 800 V.R.U. 1150 V.R.U.

Hyaluronidase concentration



Page 173

PROPERTIES OF HYALURONIDASE
TABLE XXXIX
Protocol of Flocculation Test
Hyaluronidase concentration in filtrate= 428 V.R.U. Anti-

serum= Lederle refined perfringens antitoxin #2147%,
preserved with glycerol, diluted 1:10

Tube No. 1 2 3 4 5 6 7 8 9

Ml, dil'd. 0.1l 0.120 0,140 0.160 0,176 0.2 = 0.2 0.2
Antiserum ,

lJl; Sa'line - - b - - - 002 3
Ml. Filtrate 3 3 3 3 3 3 3 -
Particuletion *
at 15 min.
Flocculation = - - + + - - -
at 45 min,
at 130 min. + + + +++ -t - -
Hyaluronidese p P ) d jd n n n 445VRU
in the r r r e ue o o o
Supernatent e e e t st n n n
Fluid s ] 8 e t e e e e
e e ) c c
n n n t t
t t t a a
b b
1l 1
) )



Reciprocal Flocculation Time - in minutes
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Figure 26

Floceulation of Serum by Hye luronidase
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~ Disoussion

The formation of a precipitate when a soluble antibody and
antigen are mixed is a phenomena observed with many different systems,
and its ocourrence in this case confirms the antigenic nature of
hyaluronidase. Hobby et al (64) found that a preparation of pneumo-
coocus hyaluronidase would give definite precipitates when incubated
with homologous antisera. Rabbit antisera agiinst testicle hyaluron-
idese will precipitate the homologous antigen (32).

The precipitin reaction of Cl. perfringens hyaluronidase is of
immediate importance inasmuch as some commercial houses use & pre=-
cipitin method for assaying the combining power of therapeutic sera
against alpha toxin. Insofar as hyaluronidese contributes to this

precipitation, the value assigned to the serum will be too high.

The Antigenicity of Hyaluronidase
Hyaluronidase and formalized hyaluronidase, when injected into
animals and man, cause the production of antibodies in a large per=-
centage of cases. These antibodies may be detected in the blood serum,
where they confer upon the serum the capacity to inhibit and to
neutralize the in vitro action of hyaluronidase of the same kind as
that originally injected. This section is concerned with the

capaocity, extent, and duration of such responses.

Materials and Methods

ANTIGENS. Vihen hyaluronidase itself was injected, it was in the

form of atoxic oulture filtrates from Cl. perfringens cultures grown
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on tryptic digest of veal or beef heart media, or on Bacto-tryptose
broth (see chapter VI). Occasionally 1 volume of 10% potassium alum
solution was mixed with 10 volumses of hyaluronidase. Such hyaluron-
idase is called alum~treatede

Formalized or "toxoided" hyaluronidase was made in this laborae
tory by pre A, A, Tytell or, according to his directions, by Lederle
Laboratories. These toxoids were made by incubating toxic culture
filtrates containing both alpha toxin and hyeluronidase with wvarying
cencentrations of formaldehyde up to 0e3%, usually at 34° C., until
they contained less then 1 mouse M.L.D. per cce. and less fhan 1 guinea
pig MJLJDe in 5 oc. The tests for lethality were made by intraperitoneal
injection. Both fluid end alum precipitated toxoids were usede

The antigenicity of hyaluronidase or "toxoided" hyaluronidase was
determined by injecting suitable quantities of antigen subcutaneously
into humans or animals. Blood samples were taken before, during, and
after each series of injections and the antihyaluronidase value of the
serum assayed according to the mucoprbtein clot prevention tests

ANTISERA ASSAY. The antihyaluronidase titre of a given serum

was considered to be the highest saline dilution of that serum which
was still capable of preventing the action of a fixed amount of welch
hyaluronidase preparation upon a hyaluronic acid-protein substrate.
One-half ml. of serum was added to 0,5 ml, of saline and serial dilu-
tion continued this way. Each of the serial dilutions were incubated
for 1/2 hour at 37° Ce with 0.5 ml. of a standard toxin dissolved in
distilled water. Tﬁe standard toxin in the earlier tests was a dried,

ammonium sulfate precipitated preparation containing 60 M.C.P., units



£

PROPERTIES OF HYALURONIDASE Page 176 A

per milligram. In later tests a glycerol preserved Cl. welchii
filtrate containing 2400 M.C.P. per cc. was used as stock source of
hyaluronidase. In each case, 4 M.C.P. units of enzyme was added to every
dilution of the serum under teste The incubated mixture of serum and
standard enzyme was then allowed to act upon 1 cc. of a hyeluronic acid=-
protein substrate for 20 minutes at 37° C, as in the Mucin Clot Preven-
tion Test for hyaluronidase potency (114) (see pages 91 to 94 ). The
first tube showing a mucin clot indicated an excess of antihyaluronidase
and was taken to be the end point of the reaction. The antihyaluron-
idase value of a serum, therefore, represents the highest dilution of
that serum which will still neutralize over 3 M.C.P. units of hyaluron=
jdase in the standard enzyme preparation. Four M.C.P. units of enzyme
were used as the standard strength of enzyme added to each dilution of
serum as this quantity is sufficiently large to give a sharp end point,
to override slight or non-specific inhibitors, and to ensure that a
significant concentration of antihyaluronidase is being measured.

Three controls were run concurrently with emch assay: (1) a normal
horse serum, to test for non-specific inhibition of the enzyme; normal
serum showed no inhibitory effect; (2) a Mucin Clot Prevention assay

on the enzyme preparation, to indicate possible variations in potency;
(3) & standard anti-Welch horse serum titration, to reveal possible
variations in the combining power of the enzyme preparation. This

last control was supplementod by retitrating a previously assayed
experimental serum fram time to time. Only rarely did the second

assay vary from the first, and then by only plus or minus ono tube in
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the series. This consistency was obtained only when twofold dilutions
of serawere assayed. Closer titration gave a greater variation.
The hyaluronic acid-protein substrate was made as described on

page 93.

Experimental

MICE. Seven mice were injected subcutaneously with 0.25 cc. of
an atoxic culture filtrate containing 840 V.R.U, per mle After 1 week
they were injected with 0.25 co. of fluld formalized toxoid; 20 days
afterward they received a third injection of 0.25 cc. of hyaluronidase
from a culture containing 400 V.,R.U. per ml. The mice were decapitated
in the 60th day following the last injection, and the serum from the
pooled blood assayed. It contained 32 units of antihyaluronidase per
ml., that is, a dilution of 1:32 would neutralize more than 3 M.C,.P.
units of standard enzyms,

Another group of mice received injections as follows:

at 0 days - 0,1 cc. of 800 V.R.U./ml. filtrate

at 2 days = 0425 cc. of fluid toxoid

at 7 days - 0425 coc. of 840 V,R.U,/ml. filtrate

at 13 days ~ 0.25 cc. of 840 V.R,U,/ml, filtrate and 0425 cc. of
fluid toxoid

at 26 days - 0425 cc. of 400 V.R,U./ml. filtrate and 0+25 cce. of
fluid toxoid

On the 60th day after the last injection, the pooled sera of this

group assayed over 32 units antihyaluronidase per ml,
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Unfortunately, the titration was carried no further than a dilu-
tion of 1/32 and the sample was insufficient for a re-titration, so
that the exact titer of these poolez;;gs not obtained.

Pooled sera from a group of 7 normal mice of the same age as the
experimental animals hed no antihyaluronidase action,

GUINEA PIGS. Aftor an extensive course of injections, which
included both fluid and alum toxoids and fluid hyaluronidase, 5 out
of 6 guineé pigs treated had only 2 units of antihyaluronidase per ml,
serum, while the 6th pig had a titer of zero.

RABBITS. Six rabbits, none of which had any serum antihyaluron-
idase, previous to treatment were divided into three groups and sube
Jocted to treatment as outlined in the following protocol:

Group 1, controls, received no injections. At 12 days 1 rabbit died.
Death was preceded by diarrhea dnd emaciation, a condition which was
prevalent in the rabbit colony at this time. At 16 days 10 cc. of
blood was drawn from the remaining animal by heart puncture. The serum
did not contein antihyaluronidase. At 23 days the other control died.
Group 2

at O days, received 1 oc. of filtrate containing 800 V.R,U,

at 3 days ] n " " " ] "

at 7 days " 1o5 coe filtrate containing 800 V.R,U,

at 12 days, 1 rabbit died, similerly to control

at 16 days 10 cce of blood was drawn by heart puncture from the

remaining animale The serum showed 8 units of hyaluronidase per ml,
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Group 3 was managed similerly to group 2, but received alum treated.
hyaluronidase. At 16 days the sera of those rabbits contained 4 and
16 units of antihyaluronidase, respectively.

Another group of 8 rabbits showed no antihyaluronidase before
treatment. Twenty-one days after the last of two injections of mixed

Cl. perfringens-Cl, novyi toxoid, spaced 19 days apart, the pooled

sora of this group assayed B units of antihyaluronidase per mle.

A pooled sample from a fresh group of 8 rabbits showed mo
hyaluronidase days after the last of injections of toxoid the
entihyaluronidase titers of seven of these animals were 0, O, 0, 8,
16, 16, and 16 units per mly, respectively.

DOGS. Sera from dogs which were put through a course of
immunizing injections were received for assay from Dr. Dcwdy at the
Univeréity of Rochester. The protocols of these experiments are given
in Tebles XL, XLI, XLII end XLIII on pages 180 to 183 « ‘the protocols
show that out of a total of 24 dogs completing a course of toxoid
injections, only 3 failed to respond by produc ing entihysluronidase,
Cf the 21 dogs which responded to injection, three produced a maximum
concentration of 2 units of antihyaluronidese per ml. of sorum, three
produced 4 units, three produced 8 units, three produced 16 units,
five produced 32 units, two produced & maximum of 50 units pr ml.,
and three produced 64 units. The largest titer measured #as 80
units per ml., which occurred in three immunizod animals which had

recovered from experimental infection with Cl, perfringens culture.

The response of the animals listed in Table XL, is depicted in

ficure 27, page 184. .
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TABLE XE.

CANINE RESFONSE TO TCXOID

Time of': Time of':
Dog Veight Toxoid lst blood Antihyal~ 2nd blood Antihyal- Antihyal- Antihyale
No. Age Treatment sample uronidase  sample uronidase Time of uronidase Time of Time of: uronidese
Sex 1lst toxoid on first 2nd toxoid on second 3rd blood on third Challenging 4th blood on 4th
Kind dose sample dose semple sample sanple Infection sanple sample
units per units per units per
ml. ml (] ml L)
Txl 14.5 kilos alum precipi=- O deys 0 10 days 64 24 days 32 28 days 87 days 80
3 years tated 1 oo
male O days 14 days
Elkhound
Tx2. 8.2 kilos alum precipi- O days 0 10 days 0 24 days no 28 days 87 days 4
4 years tated 1 co sample
female ‘ O days 14 days
Airdale
Tx3 15.7 kilos Fluid, l-ce!- 0 days o] 10 days 16 24 days 50 28 days 87 days 80
3 years St
male O days 14 days
Otter hound
Tx4 10.2 kilos alum precipi- 0 days 0 10 days 16 24 daysg 4 28 days 87 days 32
3 years teted 1 cc
male 0 days 14 days
Shepherd .
Tx6 15.7 kilos alum precipi- 0 days (0] 10 days 32 24 days 32 28 days 87 days 80
5 years tated 1 co
female 0 days 14 days
hound :
Tx6 8.2 kilos fluid, l:cc.- 0 days 0 10 days 4 24 days 4 28 days 87 days 32
2 years e
male ‘ 0 days 14 days

Wire-Haired
Terrier




retrievor

Lo Time of':
Dog Welght Toxoid 1lst blood Antihyal-
Noe Age Treatment sample uronidase
: Sex lst toxold on first
Kind dose samplo
units per
mlg
Tx12 9.1 kilos alun precipitated, O days 0
2 years 1l co
male O days
hound
16 kilos alum precipitated, 0 days 0]
Tx13 1 year 1 co
male O days
hound
15 kilos alum precipitated, 0 days 0
Tx14 4 years 1l co
male O days
shepherd
9.1 kilos alum precipitated O days 0
Txl5 1 1/2 years
male O days
terrer
13.2 kilos Fluid, 1 co 0 days 0
Tx16 1 1/2 years
meale 0 days
terrier
6.8 kilos Fluid, 1 cc O days 0
. Tx17 5 years
fenmale O days
Beagle
14 kilos Fluid, 1 co ~ 0 days 0
Tx18 5 years
male 0 days
Basset-hound
12 kilos Fluid 1 co 0 days 0
Tx19 7 years
male 0 days

TABLE XLI

CANINE RESPONSE TO TOXOID

Page 181

Time of: Time of'

2nd blood Antihyal- 3rd blood Antihyal=- Antihyal-
sample uronidase sample uronidase Time of uronidase

2nd toxoid on second 3rd toxoid on third 4th blood on fourth
dose sample dose sample semple sample

units per units per units per
ml, ml. ml,

died on - - - - -

16th day

21 days 0 42 days 8 no blood -

21 days no toxoid

21 days 4 42 days 2 no blood -

21 days no toxold

21 days 16 42 days 32 no blood -

21 days no toxoid

21 days 2 died at - - -

21 days 26 days

21 days 0 42 days 0 67 days )

21 days 42 days

21 days 16 42 days 32 67 days 50

21 days 42 days

21 days 2 42 days 2 67 days 0

21 days 42 days




TABLE XLIIX

CANINE RESPONSE TO TOXOID

Time of:
Dog Weight Toxoid lst blood Antihyal-
No. Age Treatment sample uronidase
Sex 1st toxoid on first
Kind dose sample
units per
ml.
Tx20 13.2 kllos alum precipitated, O days 0
1 year 2 cc
male O days
hound
Tx21 14.5 kilos alum precipitated, 0 days (o}
7 yeoars 2 co
male 0 days
terrier
Tx22 12.7 kilos alum preciplitated, 0 days 0
2 years 2 cc
female O days
Airdale
Tx23 14.5 kilos alum precipitated, 0 days 0
2 years 2 co
female 0 days
Alirdale .
Tx24 14 kilos Fluid, 2 cec 0 days (o}
5 years
male O deys
Chow
Tx25 14.5 kilos Fluid, 2 co 0 days 0
2 years O days
Tx26 17.7 kilos Fluid, 2 co 0 days 0
2 years
male O days
Doberman Pinscher
Tx27 16.5 kilos Fluld, 2 coc O days o
2 years
male 0 days

Collie

Page 182
Time of: Time of:
2nd dlood Antihyal-  3rd blood Antihyal- Antihyal-
sample uronidase sample uronidase Time of uronidase
2nd toxoid on second 3rd toxoid on third 4th blood on fourth
dose sample dose sample sample sample
units per units per units per
ml. ml. ml.
21 days 0 42 days 0 no blood -
21 days 42 days
21 days 16 42 days 32 no blood -
2l days 42 days
21 days 0 42 days 32 no blood -
21 days 42 days
21 days 164 42 days 32 no dblood -
21 days 42 days
21 days 2 42 days 16 67 days 8
21 days 42 days Y
21 days 16+ 42 days 64 67 days 50
21 days 42 days
21 days (o] 42 days 0 67 da
ys 8
21 days 42 days
21 deys 0 42 days 2 67 days 0
21 days 42 days Y
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HUMANS. A total of 119 human volunteers received courses of
injections with either fluid or alum precipiteted toxoid, 1 cc. being
injected subcutaneously in the region of the deltoid muscle of the arm.
Blood was drawn by venepuncture from time to time, and the serum
assayed for antibodies against hyaluronidase. The protocols pertaining
tc these assays are given in Tables XLIV to LI, on pages 186 to 192
end soms of the date is represented graphically in figures 28 and 29,
pages 193 and 194, )

A summery of the data is as follows:
Number of sUbJECtS ceeessccssessescccccacscacccsees 119 = 100%

76%

Number of positive responses to toxoid seesececeees 91
Number of negative respon8es ecececcesesessecssses 28 = 24%
of this group, 14 received only 1 injection
Number with natural circulating hyaluronidase
previous to injection secececececcrcncececs 1l =  9.2%
0f 64 subjects who received fluig toxoid 20, or 32% did not respond
by production of antihyaluronidase. Of the number who failed to
respond, 11 had received only 1 injection.
Of 53 subjects who recoived alum precipiteted toxoid 12, or 23%
did not respond by production of antihyaluronidese. Of this number,
3 received only a single injection,
The type of toxoid received by two subjects (M and F, Table
XLIV) is unknown.



TABLE XLIV

HUMAN RESPONSE TO TOXOID

Time of: Time of:
1st blood Antihyal- 2nd blood Antihyal-
Volunteer Toxold sample uronidase sample uronidase
Treatment 1st toxoid on first 2nd toxoid on second
dose sample dose sample
units per units per
mle ml,
JeB. alum precipi- O days 0 35 days 2
tated 0 days 61 days
Se.Be fluid .-t O days 0 35 days 8
T 0 days 61 days
M,L. alum precipi- O days 0 35 days 0]
tated 0 days 61 days
P,P. alum precipi- O days 0 35 days 0
tated 0 days 51 days
AT, fluid . ..', .~ O days 0 35 days 4
.o n 0 days 51 days
u ? 0 days 2 30 days 4
0 days 57 days
F ? O days 4 30 days 16
0 days 57 days

Time of:
Antihyal- 4th blood Antihyal- "Antihyal-
Time of: uronidase sample uronidase Time of: uronidase
3rd blood on third 4th toxoid on fourth 5th blood on fifth
sample semple dose sample sample sample
units per units per units per
ml, mle ml.
60 days 8 77 days 8 86 days 2
no toxold
55 days 32 77 deys 60 86 days 80
no toxoid
52 days 0 77 days 0] 86 days
no toxold
60 days 2 77 days 0 86 days 0
no toxoid
60 days 16 no blood - no blood
no toxold
67 days 16 99 days 4 121 days 4
99 days
57 days 16 99 days 2 135 days
99 days
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Time ofs:

6th blood Antihyal- Antihyal-
sample uronidase Time of uronidase

3rd toxoid on sixth 7th blood on seventh
dose sample sample sample

units per units per
ml. ml,

110 days 0 130 deys (0]

110 days '

112 days 10 130 days 8

112 days

110 days 0 130 days 0

110 days

no blood




PROPERTIES OF HYALURONIDASE

TABLE XLV

Humen Response to Toxold
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This group received injections of 1 ml. of alum precipitated toxoid

on the lst, 28th and 49th day of the experiment.

Volunteer Pre-irmun~- Antihyaluronidase Titer
Number ization et 28 days at 49 days at 69 deys
in units per ml. of serum
16 o] 0] 0] o]
16 0 0] o] 2
17 o] 16 32
18 o] o] 8 32
19 o o 8 32
20 0 o 0 o
21 o 16 64 64
22 0 o] 0] o]
23 o] o] 8 16
24 o o] 4 4
26 0] 4 64 32
26 o 0 0] 2
27 o] 0] 0 4
28 o} o] o] 4
29 o] 0] 8 16
30 o] 0 2 2
31 8 16 64 64
32 o] 0] 0 2
33 o] 0 o] o]
34 0 2 8 4
75 o] 16 16 -
76 o o (0] -
77 0 16 32 -
78 0] 4 4 -
79 0 16 64 -
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| PROFERTIES OF HYALURONIDASE
TABLE XLVI
Human Response to Toxold
This group received 1 cc. of fluid toxoid on the 1lst, 21lst, 44th
and 51st days of the experiment.
Antihyaluronidase Titer

Volunteer Pre=-immun- . at 21 days at 44 days - at 51 days
Number ization

in units per ml. of serum

82 0 4 8 8
83 0 0 0 . 16
84 0 0 A 0 0
86 0 16 64 100
86 0 4 32 80
87 2 16 64 128
88 0 8 32 128
89 2 16 64 -
90 0 0 0 8
9l 0 16 16 32
92 0 0 0 -
93 0 0 2 8
94 4 16 64 -




Page 188

PROPERTIES OF HYALURONIDASE

TABLE XLVII

Human Response to Toxold
This group received 1 cc. of alum toxoid on the lst, 28th and
66th day of the experiment.
Antihyaluronidase Titer

Volunteer Pre-immun- at 28 days at 66 days at 73 days at 94 days
Number ization

in units per ml. of serum

47 0 2 2 2 2
48 0 0 4 8 4
49 0 0 0 16 16
50 0 0 0 0 4
51 0 0 0 0 0
53 0 8 8 4 8
54 0 16 16 16 16
55 0 4 8 16 -
56 2 3 8 8 4
58 0 4 32 32 16
59 0 0 0 0 2
60 0 8 4 8 8
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TABLE XLVIII

Human Response to Toxoid
This group received 1 cc. of fluild toxold on the lst, 21lst and
42nd day of the experiment.
Antihyaluronidase Titer

Volunteer Pre-immn- 2lst day 42nd day 63rd day 93
Number ization

Page 189

rd day

in units per ml. of serum

1 0 2 16 16
2 0 - 16 8
3 0 0 0 0
4 0 4 32 32
5 0 0 4 4
6 0 0 0 0
7 0 - 16 16
9 4 4 32 16
10 0 0 32 16
12 0 0 0 0
35 0 0] 2 16
36 0 0 0 o)
37 0 0 0 0
39 0 2 2 16
40 0 0 0 4
41 0 0 16 8
42 0 0] o 8
43 0] 0 8 64
45 0 0 0 4
46 0 0 Q 0
96 0 4 8
96 0 0 0
a7 0 0 0
98 0 0
99 0 0
100 2 16
101 0 4
102 0 0
104 2 2
105 0 0
106 0 VO
107 0 0
108 0 0
109 0 8
110 0 0
111 0 0
112 0 0
113 o} 16
123 0 2
124 o)

16

16
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TABLE XLIX

Human Response to Toxold

Page 190

This group received 1 cc. of fluid toxold on the 1lst, 21st, 42nd

end 49th day of the experiment.

Antihyaluronidase Titer

Volunteer Pre-immun- 2lst day 42nd day 49th day 63rd day
Number ization
units per ml. of serum

61 0 2 o 0 -

62 o] 4 32 32 80

63 0] 4 16 8 100

64 0 0 o] o 0

65 0] 0 4 - 16

66 0] 0 2 0 -

8l o] 0 - - 64
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TABLE L'

Hupan Response to Toxoid

This group received 1 cc of alum precipitated toxid on the

lst and the 28th day of the experiment.

Volunteer Pre-immuniza- Antihyaluronidase Titer
No. tion 28 days 49 days
units per ml. of serum
*112 4 16
114 o ' 16 32
115 o] 0 2
116 0 0 0
117 0 0
119 0] 0
120 0] 2
121 0o 0

* gingle injection only



TABLE LI

HUMAN RESPONSE TO TOXOID

Time of: Time of:
18t blood Antihyal- 2nd blood Antihyal-
Volunteer Toxold sample uronidase sample uronidase
Number Treatment 1st toxoid on first 2nd toxoid on sacond
dose sample dose sample
units units
per ml. per ml.
14 Fluid, 1 cc 0 days 0 18 days o
0 days : 18 days
80 Fluid, 1 cc 0 days 0 21 days 4
0 days 21 days
57 alun precipi- O days 2 28 days 8
tated, 1 cc 0 days 28 days
67 alun precipi- O days 0 28 days 4
tated, 1 cc 0 days 28 days .
68 alum precipi- O days 0 28 days 4
tated, 1 cc 0 days 28 days
69 alum precipi- O days 0 28 days 2
tated, 1 co 0 days 28 days -
72 alum precipi- O days 0 28 days 0
tated, 1 co 0 days 28 days .

Pago 192

Time of: Antihyal- Time of': Antihyal- Time ofs Antihyal-
3rd blood uronidase 4th blood uronidase 5th blood wuronidase
sample on third sample on fourth sample on fifth
3rd toxoid sample 4th toxoid sample ) sample
dose dose
units units units
per ml, per ml, per ml,
37 days 0 73 days 0 81 days o
37 days no toxoid
43 days 4 50 days 8
43 days 50 days
39 days 8 42 days 16
39 days no toxoid
35 days 8 42 days 16
35 days no toxold
35 days 8 42 days 8
35 days no toxoid
35 days 4 42 days 4
35 days no ‘toxold
35 days 0 42 days 0
no toxoid
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Number Responding
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Figure 29

Human Response to Alum Toxoid

Legend
The solid bars show the number of

sub jects with maximum response at
the indicated levels.

0 2 4 8 16 32 64

Antihyaluronidase - Units per ml, serum
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Discussion

A1l the species tested responded to the injection of formalized
hyaluronidase or of hyaluronidase itself by the production of anti-
bodies which would neutralize the in vitro activity of the enzyme.
Some individuals of each species failed to produce antibodies while
the output of the remainder varied widely. The highest concentration
of circulating antibody was found in man, and the next highest in the
doge The response of the guinee pig was poorest. Since the muco=
protein clot prevention unit of hyaluronidase is esccepted as being
many times the minimal skin spreading dose, all the positive sera
tested were capable of neutralizing many minimal spreading doses of
enzymee. In preliminary experiments in this laboratory it has been
found that the area of the lesion caused by intracutaneous injection

of Cl. perfringens toxin is in fact greatly circumscribed in animals

immunized with hyaluronidase as compared with unprotected controls,
These studies show no clear distinction as to the reletive
efficacy of fluid or alum precipitated formalized antigen. If
either is used, it may be expected that about 75% of injected humans
will show a detectable anti-hyaluronidase titer. It should be noted
that the toxoids used were not prepared from filtrates especially
high in hyaluronidese concentration; the toxoids were selected on

the basis of alpha antigen content.,
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SUGGESTIONS FOR FUTURE WCRK

Highly purified hyaluronic¢ acid has been made (see chapter
II); the relative stebility, adsorption properties, and precipitability
of hyaluronidase point the way to purification of this enzyme; since
the components may be obtained in good purity, the characteristics of
the enzyme system hyaluronic acid~hyaluronidase can profitably be
investigated. Some of the determinations which might be made are:
temperature coefficient of reaction (Q10)
energy of activation (m/u value)
tempe rature optimum
activity - pH curve
velocity constant of reaction (K)
inhibitory end activeting agents
synthetic reactions of the enzyme
competition, blocking, and specificity
The hyaluronidase~-antihyaluronidase reaction seems e good one
with wﬁich to carry out precipitin and other serological studies,
since excess hyaluronidase in the fluid above the precipitate is
readily detected and quentitatively determinable by means of the
viscosity reduction test while excess antibody canbe titrated with
the MoC.Po test. Complete or partial inhibition, antigen or antibody
excess, and equivelence points are thus susceptible to independent
check,
The existence of such convenient test; for a bacterial toxin

or enzyme is rare, the other outstanding instance being the alpha-
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toxin of Cl. perfringens which is determined by its action on
lecithovitellin (92), an action which also serves for assaey of anti-
bodies against this toxin. This coincidence should prove valuable in
the study of the mechanism of invasion by Cl. perfringens. Hyaluron-
idase, through its power to attack substances in the skin, would
appear to be important in invasion. The alpha-toxin vigorously
attacks muscle tissue, and hence would seem to be the next "wave" in
penetration of the bacteria into the bodye

The protective value of active immunization wi th hyaluronidase
has yet to be determined. Pilot experiments in this laboratory have
shown that the area of infection is limited in animals immunized with
hyaluronidase, Thether circulating antihyaluronidase supplements
circuleting anti-alpha antibodies in promoting resistance to infection,
or whether antihyaluronidase is not very efficacious in this respect
is a matter which can be determined by extensive, carefully planned

and carefully executed experiments,

SUMMARY
l. Cl. perfringens hyaluronidase is stable to storage at room tempera=-
ture or in the cold, with or without separation from the organisms,
2. Hyaluronidass solutions may be ultrafiltered through cellophane
and filtered through Berkfeld or Mandler candles without loss of

activi ty.

3. Hyaluronidase solutions may be evaporated at room temperature

without loss of activity.

197
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4, Hyaluronidase may be adsorbed on, and eluted from, calcium
phosphate, without loss of activitye

6. Hyaluronidase may be precipitated from solution by cold alcohol
and recovered by resolution, with little loss of activity.

6e Hyaluronidase in inactivated by 042% formaldehyde and such
formalized hyaluronidase is antigenic. The feilure of McClean to
observe inactivation with formalin is probably due to the protective
action of foreign protein,

7. Purified hyaluronidase was inactivated by x-radiation; impure
hyaluronidase was not inactivated.

8. Hyaluronidase is not affected by ordinery concentrations of phenyl
mercuric acetate, sulfaguanidine, sulfathiozole, sulfanilamide or
penicillin, A mild inhibition was caused by sulfadiazine and sulfe-
pyrazine, and aspergillic acide

9« No significant quantity of acid is produced during early hyaluron-
idase actione

10, Culture filtrates containing hyaluronidase slowly attack dextrin
and gastric mucin, but not in a manner similar to hyaluronidase action
on hyaluronic acide The action on dextrin snd gestric mucin is
probably due to the presence of enzymes other than hyaluronidases

ll. Hyaluronidase in neutralized by specific antisera; inhibition by
non-specific sera disappears upon dilution, but specific sera retain
their inhibition power and "titrate out."

12, Cl. perfringens hyaluronidase floccﬁlates specific anti-sera.

The supernatant fluid at the equivalence points is wholly or almost

wholly free from hyaluronidase activity.
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13, Hyaluronidase and formalized hyaluronidase, when injected subw
cutaneously into animals and man, cause the appearance of specific
neutralizing antibodies in the serum of about 75% of those treated.
The highest antibody titers occur in man.

14, Suggestions for further investigation of the properties hyaluron-

idase have been made.
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APPENDIX I

PUBLISHED METHODS OF PREPARATION OF MUCINS AND THEIR CARBOHYDRATES
(In chronological order, and with an alphabetical index).



Index to Appendix T

Author

Alzona, F.

Buerger, and Gies, J.W.
Chittenden, R.H.

Cutter, W.B. and Gies, J.W,
Eichwald, E.

Glacosa, P.

Hammarsten, O.

Hawk, P.B., and Gies, J.W.
Hirst, G.X.

Holst, G. von

Hunphrey, J.H.
Jernstram, E.A.

Karlberg, O.

Kendall, Heidelberger and
Dawson

Kling, D.H.

Krawkow, N.P,
Kruckenberg, C. Fr. W.
Landwehr, H.2.Z,
Leathes, J.B.

Levens, P.d.

Lier, van, E.H.B.

Looebisch

Preparation No.

50,51

33
20,21,22
37,38,39,40
1

3

9,12
34,35
120
42,43
125

2

96,97,98,99

100,101,102,103
87

23,25

5

4,7,8

30

47-49; 52-77; 80=86

46
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208,210
221
283
2256
288
204

261,262

262-266
266

216

206
205,207
216
227-229;
231-260;
261-254
227

206



Author

Mandel » Je.A.

McClean, D. and Hale, C.W.

Mitjukoff, K.

Molesi

Meyer, Ko et. al.

Morner, K.A.H.
C. Th. Mdrner
Mfller, F.
Paijkull
Panger, T,

Pirie, A.

Richards and Gies, W.dJ.
Robertson, Van B.

Schmiedeberg, O.

Seastone, C.V.
Salokowseki,

Umber

Vandergrift and Gies, J.W.

Willanen

Zanetti, C.U,.

Index to Appendix I

Preparation No.

44,45
123,126

18

79

88-95; 104-1l11;
115-117; 12%;
122

23
10,11,15,16,17
31,32

32

29

124

41

118,119
13,14
112,113,114
27

26

36

78

24

Page 202
ot 203

Page

287,289
213

251
256-261;
266-274;
278;280;
284;286
238
209,211,212
219,220
243

218

287

224
281,282
210,211
274-277
217

217

222

2860

216
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Authors E. Eichwald

Reference: Ann. d. Chem. u, Pharm. (1865), 134, 177; Eichwald refers to
earlier authors, going back to 1840,

Name of Product: Mucin; pure mucin

Method of Preparation: Grind the snail, Helix pomatia in sand. Coagulate

in boiling water. Filter, .Procipitate the mucin with acetic acid. Settle
the floculent precipitate. Decant. Wash the precipitate with dilute
acetic acid. Filter, Wash the preclpitate with dilute acetic acid, then,
with water. Dissolve in lime water. Reprecipitate with acetic acid.
Wash with acetic acid and water as degcribed above. Wash with alcohol
and ether,

Analysis of Product:

C: 48.9
H: 6.8
N 8.5

Reducing Substances: After hydrolysis, sample reduced Fehlings
solution.

Author: E. A. Jernstrom
Reference: Uppsala lekareforen, Forh 15, 434 (1880).

Name of Product: Funis Mucin; Funis Mucoid

Method of Preparation: ExEFact minced navel cord with water. Precipitate

with acetic acid. Transfer the mucoid to very dilute alkali. Redissolve.
Reprecipitate. Repeat the last two stepz. Wash. Dry with ether and
alcohol,
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Analysis of Product:

C: 51.33
Hy 6.63
0: 26.87
N: 14,13
S: 1l.04

Author: P, Giacosa
Roference: Zeit. f. Physiol. Chem. (1882) 7, 40

Name of Product: Mucin

Hothod of Proparation: Extract the outer covering of frogs! eggs with

lime water for 24 hours. Decant. Filter, Precipitate with 10% acetic
acid., Remove the precipitate. Wash with alcohol and ether. Numerous
references to previous literature.

Analysis of Product:

Cs 52,7
H: 7.1
N; 9,33
S: 1l.32

Author: H,A.Z. Landwehr
Reference: Zeit. f. Physiol. Chem. (1882),6, 74

Namo of Product: Animel Gum; achroglycogen

Method of Preperation: Remove the sneil, Helix Pomatia, from its shell,

and extract with water. Remove the protein with Brucke's Reagent (i.e.

mercuric iodide, potassium iodide and HCl), Precipitate with acetic acid.
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Analysis of Product:

S: 1.1 - 1.2 (According to Hammarsten)
Protein: Landwehr viewed this compound as a mixture of protein and

animal gum,

Author: C. Fr. W. Krukenberg
Reference: Zeit. f. Biol. (1884), 20, 307

Name of Product: Chondroitin sulfuric acid

C: 36.19
H: 5.22
N: 4.97
P: 7.41
S: 4,12

Author: Loebisch, W.F,
Referemce: Zeit. f. Physiol. Chem. (1886), 10, 40

Name of Product: Tendon Mucoid

Method of Preparation: For every gram of moist tendon, extract with 2 ce.

of lime water, Precipitate preparation I with 1.5% acetic acid, and
preparation II, with 0.1% - 0.2% HCl. Preparation III is precipitated
with 1.67% acetic acid end purified by reprecipitetion with an alkaline
solution. It is redissolved in 0,5% NasC03, and finally, precipitated with
acetic acid.

Analysis of Product:

I II III
C: 48,24 48.34 48.32

.
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H: 6.44  6.43 6.55
O: 32.71 32059 32.74

S: (violatile) 0.82 0.80 0.82

Author: H,A.Z. Landwehr
Reference: Pfluger's Arch. f. d. goes. Physiol. (1886), 39, 193
Aslo: 1ivid, (1887), 40, 21

Name of Product: Animal Gum

Method of Preparation: Extract the minced tissues of the snail, Helix
pomatia with water. Heat in the autoclave for from 3 to 5 hours. Filter.
Boll the filtrate. Add just enough acetic acid to complete the protein
coagulation. Add FeCl in order to remove the remaining protein. Boil
until the supernatant liquid is clear., Filter the reaction product.,

Add FeCl and CaCO3 alternately and cautiously., The gum is in the pre-
cipitate of the ferric oxide. Dissolve the protein contained in the
precipitate with HCl. Precipitate the carbohydrate with 3 to 4 volumes
of alcohol. Repeat the ferric oxide treatment as many times as necessary.
When a high degree of purity is reached, the alcohol will not precipitate

the gum, therefore, add NaCl,

Author: H.A.Z. Landwehr

Reference: Pfluger's Arch. f. d. ges. Fhysiol. (1886), 39, 193; also iH d,
(1887), 40, 21 |

Name of Product: Animal Gum

Method of Preparation: Digest the minced orgens or scraped mucous mem-

branes on & water bath for 3 hours. Boil over a free flame to coagulate
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the protein. Concentrate the filtrate on a water bath. Saturate with
sodium sulfate and slightly acidulate with acetic acid. This should
bring about the final removel of the major part of the protein. Precipi-
tate with CuSO4 and NaOH. The insoluble precipitate contains the gum,
while the filtrate contains the protein. Wash the precipitate for three
days in water in order to remove the remaining protein. Dry the precip-
itete on paper. Deccmpose with HCl, Procipitate the gum with 3 to 4

volumes of alecohol. Repeat for further purification.

S..
Author: O. Hammarsten
Reference: Zeit. f. Physiol. Chem. (1888), 12, 163

Name of Product: Submaxillary mucin

Method of Preparation: Extract minced organs with water. Strain dissected

sutmaxillary gland in water. Centrifuge. Add 0.1 to 0.15% concentration
of HCl. Further addition of HCl‘ﬁill cause the flogulation to disappear.
Add 4 volumes of distilled water. Agitate the dilution with a glass rod
to which the mucin will adhere. Transfer this mucin to 0.1 - 0.15% HCl.
Dissolve and reprecipitate the mucin as described above. Repeat. Wash
with water. Dry with alcohol and ethef. A readily pulverizible substance
will result.

Analysis of Product:

C: 48.8
H: 6.8
0: 3l.20
N: 13.3

S: 0.84
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10.

Author: C. Th. Morner
Reference: Skand. Archiv. f. Physiol. (1889), 1, 210

Name of Product: Chondromucoid

Method of Preparation: Digest trachea cartilage with water and thymol far

3 days. Filter. Add aqueous hydrogen chloride to the solution until a
concentration of 2% is reached. Form a precipitate by heatlng. Filter.
Dissolve in & little alkali., Reprecipitate. Repeat.

Analysis of Product:

C: 47,30
H: 6.42
0: 3l.28
N: 12,58
S: 2.42

Author: C. Th. M8rner
Reference: Skand. Archiv. (1889), 1, 210

Name of Product: Chondroitin sulfuric acid

Method of Preparation: The product was made from cartllage

Analysis of Product:

C: 35.28
H: 4.68
N:  3.15
Sz 6.33

Equiv. wt.: base content 4-20%
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Author: O. Hammarsten

Refersnce: Hoppe Seyler's Zeit. f. Fhysiol. Chem. (1890}, 15, page 202

Nams of Product: Mucold; mucinalbumoso

Method of Preparation: Precipitate ascitic fluid with acetic acid.

Analysis of Product:

C=z 51.40

H: 6.80

N: 13.01; 12,4

S: mnot accurately ascertainable

Haenatin derivatives: 13.01

13,
Author: O. Schmliedeberg
Referenco: Arch. f. Exp. Path. u. Pharm. (1891), 28, 355

Name of Product: Chondroitin sulfuric acid

Method of Preoparation: Extract & peptic digest of nasal bone cartilage

with an aqueous solution of KOH. Precipitate the K salt with 1 Yo 3 volumes
of alcohol; the protein remains in the alcoholic solution., Repeat until
there is a negative Biuret for the precipitate and the filtrate. Dissolve
in water., Neutralize with HCl. Precipitate with alcohol., Wash the pre-
cipitate with alcohol until all the salt is gone. Wash the precipitate
with increasing concentrations of alcohol.

Analysis of Product:

Salts: K +

Protein: Biuret
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1l4.
Author: 0. Schmledeberg
Reference: Arch. f. Exp. Path. u. Pharm. (1891), 28, 355

Name of Product: Chondroitin sulfuric acid

Method of Preparation: Extract a peptic digest of nasal bone cartilage

with water. Alternate cupric acetate with KOH until the solution takes m
a violet color and a blue opalescence. Add alcohol to form a blue precip=-
itate of copper and potassium, and a violet colored supernatant liquid.
Redissolve the precipitate in HC1l and repeat the first step until the
violet color is gone. Dissolve the copper precipitate with HCl and a
minute quantity of alcohol is added to form an incipient precipitation.
This precipltate is removed by filtration. Repeat if necessary. Dissolve
the precipltate in water and HCl. The solution is precipitated with alco-
hol.

Analysis of Product:

Salts: K +

Protein: Biuret -

15.
Author: C. Th. Morner
Reference: Zeit. Fhysiol. Chem. (1894), 18, 233

Name of Product: Mucoid

Method of Preparation: The product was prepared by the acidification of

diluted and filtered

Analysis of Product:

Ny 12.25

s:.' 1.19; 1014
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6o
Author: C. Th. Mdrner
Referonce: Zeit. Physiol. Chem. (1894), 18, 233

Name of Product: Mucoid

Method of Preparation: Precipitate native vitreous humor with dilute

acetic acid.

Analysis of Product:

N: 12.27%
S: 1019%

Author: C. Th. Morner
Reference: Zeit. f. Physiol. Chem. (1894), 18, 213

Nome of Product: Cornea Mucoid

Mothod of Proparation: Extract 10 cc. of dissected cormea with 0.02% KOH

or 0,02% ammonium hydroxide. Let the solution stand for 2 to 3 days.
Filter. Precipitate with acetic acid or HCl. Settle. Decant. Redissolve.
in water. Add alkeli. Reprecipitate. Dry with ether and alcohol.

Analysis of Product:

C: 49.96; 50,36

H: 6.94; 7.01

0: 28,01

N: 12.8; 12.8; 12.8; 12.6; 13.0

S:I 2.02; 2.12)
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18.
Author: K. Mitjukoff
Roference: Centralblatt fifr die medicinischen wissenschaffen, (1895),
66, 737

Name of Product: Ovarial Mucoid

Analysis of Product:

C: 51,76
H: 7.76
O: 28.69
N: 10,70
S: 1l.09

19.
Author: K.A.H. Mbrner
Reference: Skand. Arch. f. Fhysiol. (1895), 6, 332

Name of Product: Urine mucoid

Method of Preparation: Let the sediment in human urine settle. Collect

this sediment and syphon off the supernatant. Filter the precipitate.
Put it in 957 alcohol. Add water. Add enough ammonia (aqueous) to give
an alkaline reaction. Through suspension COp is passed until the
solution is rendered slightly acid. Allow the undissolved part to settle
and filter off the supernatant liquid. Add acetic acid to the filtrate
until a conc&ntration of 0.4% is reached. Tho solution at this point is
viscous and clear. Shake with chloroform. Coﬁtrifuge.‘ﬂhsh with water
and 0.2% to 0.4% acetic acid. Saturate with chloroform water. Fart of
the mucoid may be extracted by wash waters. The insolﬁblé fraction is

dissolved in amonia water. Reprecipitate with acetic acid. Dry with
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alcohol and ether.

Analysis of Product:

C: 49.40
N: 12.74
S: 2.30

20,
Author: Chittenden and J.W. Gieos
Reference: J. Exp. Med. (1896), 1, 186

Nane of Product: Tendon mucoid

Method of Preparation: Extract the ox tendon Achilles for 36 hours in
10% NaCl. Re-extract for 48 hours. Combine the precipi.tates; Procip-
itate with 0.2% HCl. Redissolve in 0.5% HapCO03 . Reprecipitate with
HCl.

Yield:1% chemically pure mucoid

Analysis of Product:

C: 48.74
H: 6.46
0: 30.65
N: 11.80
S: 2,35

Author: Chittenden and JMW. Gies
Reference: J. Exp. Med. (1896), 1, 186

Namoe of Product: Tendon Mucoid

Method of Preparation: Extract the ox tendon Achilles with 10% NaCl far
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36 hours. Then extract with lime water for 60 hours. Re-extract: with
dilute lime water.
Yield: 1% Chemically pure mucoid

Analysis of Product:

C: 48.76%

Hy 6.53
0: 31l.43
N: 1l.51
S; 2.31

22.
Author: Chittenden and J.W. Gies
Reference: J. Exp. Med. (1896), 1, 186

Name of Product: Tendon Mucoid

Method of Preparation: For every gram of ox tendon Achilles extract with

2 cc. of lime water. Continue the extraction for 48 hours. Re-extract
for 48 hours. Combine the precipitates. Precipitate with 0.2% HCl., Re-
dissolve in lime water. Reprecipitate with HCl.

¥ield: 1% chemically pure mucoid.

Analysis of Product:

C: 49.29%

H: 6063
0: 29.80
N 11094

S: 2.34
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Author: N.P. Krawkow
Referenco: Archiv., fiir Exp. Path. and Pharm. (1897), 11, 195

Name of Product: Amyloid

Analysis of Product:

C: 49, 44%

H: 6.79
0: 27.06
N: 13.92
Sz 2,79

24.

Author: C.U. Zanettl

Referenco: Jahresbericht {fber die Fortschritte der Thier Chemie, (1897),
27, 31

Name of Product: Serum Mucoid

Method of Preparation: 1200 cc. of ox blood was freed of protein with

dilute HCl, filtered in vacuo, evaporated to small volume, and precipitated
with alcohol. |

Analysis of Product:

C: 47.80%; 48,75; 48.94

H: 7010; 6.90 -
0: 29.99
N: 12.93; 12.65

S: 2.38; 2.20

Author: N.P. Krawkow
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Referonce: Arch. f. Exp. Path. u. Pharm. (1898), 40, 195

Name of Product: Chondroitin sulfuric acid

Method of Preparation: Krawkow used Schmiedeberg's copper and alkall

method (see page 213 #17) for properation from'amyloid containing" organs.

26.
Author: TUmber
Reference: Zeit. fiir Klinische Med. B'd, gg

Name of Product: Mucin

Mothod of Proparation: Precipitate ascitic fluid with acetic acid. Wash

the precipitate. Purify with alcohol and ether.

Analysis of Product:

Cx 51.35, 50.23%
H: 6.72, 6.87
N: 14,91, 14,37
P: 0, no nucleins

S:  1l.32, 1l.32

Author: Salkowskl
Reference: Virchows. Arch. B'd. 131

Method of Preparation:.Produot prepared from £luid of chronic "coxitis",

Name of Product: Muocin Substance

28.
Author: Paijkull, L.
Referenco: Malys Jahresbericht uber die Fortschfitte der Thierchemie, (1892(

22,558; see also Zeit. f. Physiol. Chemie, 12, 196 (1888) for
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another preparation.

Name of Product: Precipitate the ascitic fluid from fluids of inflammatory

origin, that is, serous exudate, with acetic acid. Redissolve in excess
acetic acid. (The precipitate can be dissolved in 0.2% HC1).
Yield: 0.2%

Analysis of Product

Extensive non-olemental anaylses are reported, for albumins, water,

globuling, salts, etc.

Author: T. Panzer
Reference: Zeit f. Fhysiol. Chem (1899), 28, 363

Name of Product: Colloid of ovarian cysts, or, paramucin

Method of Preparation: Digest ovarian cysts with pepsin HCl. Extract the

undigested rosidue with alkali., Add 3 volumes of alcohol to form a white
precipitate. Redlssolve and reprecipitate until all the protein is gone
fran the precipitate.

Analysis of Product:

C: 47.27%
H: 5.86
N: 8.40
S: 0.79
P 0.54
Ash: 6.43

Fehlings solution: + on hydrolysis

30.
Author: J.B. Leathes

Roference: Arch. f. Exp. Path. u. Pharm. (1900), 43, 245
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Name of Product: Paramucin

Method of Preparation: Dipest the colloid of ovarien cysts in pepsin HCl.

The addition of copper acetate and alkali brings about the precipitation
of ‘a substence in the residue which is soluble in water and reduces
Fehlings solution after hydrolysis., If it is rapidly washed, dissolved
in acid, and reprecipitated with copper acetate and alkali, the substance
will give a negative biuret test. Boll small portions for 3 to 4 minutes
and pour into alcohol. The substance will settle out if the solution is
allowed to stand.

Analysis of the Product:

It has the composition of hexosemino hexoside
Reducing substances: =~ Fehlings

Protein: - biuret

Author: F, Milller
Reference: Zeit. f. Biol. (1901), 42, 468

Name of Product: Mucin

Methed of Preparation: Precipitate with acetic acid. Wash sputum with

0.5% HCl. Grind the residue in dilute HCl. Wash the precipitate with
water and alcohol until all the HCl is gone. Dissolve in dilute alkali,
Filter. Centrifuge. Reprecipitate. Wash the precipitate free of the
acetic acid with alcohol and ether. Dry.

Analysis of Product:

C: 48.26%
HS 6.91

0: 1007
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S: 1.4, 1.04
Carbchydrate: 36.7 (on basis of glucose)
Equivalent weight: 1 gm. required for the neutralization of

0.050 gm. NaOH.

Author: F. Mdller
Reference: Zeit. f. Biol. (1901), 42, 201

Neme of Product: Mucous-

Method of Preparation: The author isolated mucous from bronchiael tubes.

33.
Author: Buerger and J.W. CGles
Reference: Am. J. Fhysiol. (1901), 6, 219

Methed of Preparation: Disect 4600 grams of tissue from the main shaft of

the Achilles tendon of an ox. For every gm. of moist tissue, extract with

2 co. of lime water. Shake at regular intervels. Precipitate from the
*
filtered extract with dilute 0.2% HCl. Wash the precipitate with dilute

HCl and water until acid-free. Redissolve in dilute alkali., Reprecipi-
tate with dilute HCl, Wash again. Dehydrate. Purify with boiling

alcohol and ether. Dry in vacuo. Weigh. (Powdered thymol will prevent

-

bacterial action).

Yield: 1.361 gms., 1.420, 1,332, 1,220, 1,043, 1.228, 1.380.

*

0.2% is a high enough concetnration for the first extracts. In subsequent
extracts, if 0.2% concentration does not bring about & precipltation,

add 1.5% HCl in very small quantities., Follow the same procedure on re-
precipitation.
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34.
Author: P.B.Hawk and J.W.Gies

Reference: From, Am. J. Physiol. (1901), 6, 155

Name of Product: Osseomucoid

Andlysis of Product:

C: 47,07%
H: 6.69
0: 31.85
N: 1l.98
S:  2.41

35,
Author: P.B. Hawk and J.W. Gies
Reference: Am. J. Physiol., 5, (1901), 387

Name of Product: Osseomucoid

Method of Preparation: Remove the inorgenic material from the salt free

shavings of an ox rib or femur by treatment with HCl, Precipitate with
excess dilute acid. Continue the extract for 48 hours. Treat the
filtered extract with 0.2% HCl. Wash in water and HCl. Wash in plain
water. Filter. Digsolve in 1/2 saturated lime water (2 to‘S grams of
lime water for every grem of moist tissue), Wash in acidified water, plain
weter eand alcohol. Repeat. Boil in anhydrous elcchol and ether. Remove
the alcohol with ether. Dry in air,

Yiold: 1700 grams of wet femur yields over 7 gms. of the product. 875

grams of rib shavings ylelds 3.5 gms, of the product.
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Analysis of Product:

P:

Ash:

RIB

12.78, 12.99, 12.89%
12.91, 13.17

1l.68, 1.75, 1,76
in SOS: 0.98’ 0091

0.086, 0,031, 0,013
ash P: 0,051, 0.039

2.28, 2.19

Page 222

FEMUR

13.38, 13.41, 13,45%
13.77

1.89, 1.87, 1.93
in S03: 1.04, 187

0.1l08, 0.054, 0.022
ash P: 0,057, 0,061

2.62, 2,57

36.
Author: Vandergrift and J.W. Gies
Reference: Am. J. of Physiol. (1901), 5, 387

Name of Product: Mucin

Method of Preparation: Shake 100 gms. of Ligamentum Nuchae tissue in 260

to 300 cc. of half saturated lime water, for several days at roam tempera~
ture. Precipitate the glucoproteid from the extract with 0.2% HCl. Filter,
Dry at 1100 C. Weigh.

Yield: (in %) 0.565, 0.429, 0,539, 0.510, 0.490, 01514, 0.569.

37.
Author: W.G. Cutter and W.J. Gles
Roference: Am. J. of Physiol. (1902), 6, 155

Method of Preparation: The procedure is described on page 220, number 33,

Name of Product: Tendon Mucoid

Analysis of Product:

N: 13.25, 13.17, 13.33; 12.85, 12.94, 12.71, 12.83; 13.24,13.27,

13.25; 13.84, 13.88, 13.86

(7]
(1]

(Ba Salt) 2.25, 2026, 2.36, 2-25, 2.31; 1081, 1066’ 1074; 1.23,

1.41’ 1.32
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Ash: 1less than 1,78%

38
Author: W.G. Cutter and W.J. Gies
Reference: Am. J, of Fhysiol., 6, (1802), 155

Name of Product: Tendon mucoid

Method of Preparation: The procedure is described on page , number 37.

Note: In this case 1900 gms. of the sheathes of the branches of ox
Achilles tendon are used.

Analysls of Product:

N: 13,14, 12,96, 13.05; 12,41, l2.46, 12.43, 13,47, 13.70, 13.59%
S: 2.11, 2.34, 2.22; 2.67, 2.72, 2.70, 2.23 (Ba salt)
Amino sugar: glucosamine ¥

Glucuronic acid: <+

5.
Author: W.G. Cutter and W.J. Gles
Reference: Am. J. of Physiol. (1902), 6, 155

Name of Product: Tendon Mucoid

Method of Preparation: The procedure is described on page 22G number ?7'3,

Note: 6600 grams of the main shaft and branches of ox Achilles tendon are

used. In purifying, redissolve with 0.5% NagCO3,

Analysis of Product:

C: 47,47, 47.46, 47.80

H: 6.68, 6.56, 6.60

0: 31,07, 32.39, 31,09

N: 12.64, 12.64, 12.64; 12,68, 12.70, 12.69; 13.89, 13,92

13.91; 1406; 14.56
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S: 2070’ 2.91, 2.80; 2.28, 2-39, 2034; 2047, 2.28’ 2038
Amino sugar: glucosamine +

Glucuronic acid: +

s0.
Author: W.G. Cutter and W.J. Gies
Reference: Am. J. Physiol. (1902), 6, 155

Name of Product: Tendon mucoid

Method of Procedure: The procedure -is. described on page 220, number 33,

Note: 4200 grams of the sheath.of ox Achllles tendon are used. In

purifying, redissolve in 0.5% NaoCO3z.

a.
Author: Richards and W.J. Gies
Reference: Am. J. Fhysiol. (1902), 7, 116

Name of Product: Mucoid

Method of Proparation: For every gram of moist tissue from ox ligementum

nuchae extract with 2 cc. saturated lime water, for 48 hours. Re-extract
48 hours. Combine the precipitates. Precipitate with 0.2% HCl. Re-
dissolve in water and lime water. Reprecipitate in HCl.

Analysis of Product:

N: 12.80, 13.81, 12.90; 13.40, 13.64, 13.52; 13,90, 13.82, 13.86;
13.74, 13.66, 13.70; 13.27, 13.22, 13.25

S: 2.05, 2.09, 2.07; 1.77, 1.68, 1.73; 1.49, 1.49, 1.37, 1.27,
1.32; 1.45, 1.40, l.42

in sOz: 1.32, 1.17, 1.25; 1,02, 1.02; 0,90, 0,90
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Author: G. von Holst
Reference: Hoppe Seyler's Zeit. Physiol. Chem. (1904)

Name of Product: Seré@ NMuecin

Method of Preparation: Precipitate ascitic fluid (fluid from cancer ven-

triculi and peritonei) with acetié acid. (The precipitate is slightly
soluble in acetic acid). Dissolve the precipitate in water and a small
quentity of alkali. Repeat twice. Purify by 3 precipitates with 4 to §
volumes of alcohol,

Analysis of the Product:

Acetic Aclid Precipitate Alcohol Precipitate
Cs  51l.41 51.45
H: 6.68 6.65
N 13.31 13.23
P: o
43.

Author: G, von Holst
Reference: Hoppe Seyler's Zeit. Physiol. Chem. (1904), 43, 145

Name of Product: Synovial Mucin, Serous Mucin

Method of Preparation: Dilute 15 to 20 cc. of synovia from fresh cattle

joints with 3 volumes of water. Add acetic acid up to a 1% solution in
order to form a precipitate. Dissolve the precipitate in very dilute
alkall., Add acetlc acid to complete the precipitation. Purify with 3
precipitates of 4 to 5 volumes of alcohol. Dry with alcohol and ether at

110° C.
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Analysis of Product:

C: 651.05
H: 6,53
N: 13.01
S: 1.34
P: 0o
Ash: 0.58
Nuclein: O

Author: J. A. Mandel
Reference: Zeit. f. Physiol. Chem. (1905), 45, 386

Name of Product: A sulfuric ester of a carbohydrate.

Method of Preparation: The product may be prepared from mammary glands,

kidney, pancreas or liver.

Analysis of Product:

Mammary gland Kidney Pancreas Liver

N: 3.18 4.99 4,65 4,93
S: 3.48 3.91 2443 3.69

Salts: Ba, 9.81

Author: J. A. Mnndel_
Reference: Biochem., Zeit. (1907),‘5, 78

Name of Product: A sulfuric ester of a carbohydrate

UMethod of Preparation: Product is made from leucocytes that have been

obtained from Pyothorax produced in horses. The horses are injected with

aleuronate followed by an inoculation of staphpyrogenes aurius,
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Analysis of the Product:

N: 4,66
S: 3.07
Pentoses: Orcin, +

Protein: Biuret, -

Author: E.H.B. van Lier
Reference: Zeit. f. Physiol. Chem. (1909), 61, 177

Name of Product: Chondroitin sulfuric acid, a sulfuric ester of a car-

bohydrate.

Method of Preparation: The product is prepared from mammalian dermis by

"the older method of Levense."

Analysis of Product:

H: 3-4%
S: 1.80-3.00
Pentoses: Furfural, +; Oroin; +

Reducing substances: glucosazone

47.
Author: P.A. Levene and Jacobs
Reference: J. Exp. Med. (1908), 10, 557; Biochem. Z. (1909), 16, 248

Name of Product: Mucoitin sulfuric acid.

Analysis of Product:

C: 27.29%

H: 3.64
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N: 2058
S: 4'85

Salts: Ba, 21.90

Author: P.A. Levene
Reference: J. Biol. Chem. (1913), 15, 155; ibid (1914), 18, 123; ibid
(1915), 20, 433

Name of Product: Condroitin sulfuric acid

Method of Preparation: Stand the disected nasal sputums of cattle in por-

tions of 5 kilos for 2 days, in 0.2% KOH. Wash once with water. Strain.
Repeat with the residue and S liters of KOH. Wash once with water. Acidify
the extracts with acetic acid. Concentrate to one-half the wvolume on a
sta bath in the presence of excess BaCl2. Pour off the clear liquid and
filter the residue. Both the clear liquid and the filtered residue are
brought to 2 liters and acidified. Centrifuge to remove BaCO3. Drop the
liquid in 8 times its volume of glacial acetic acid. Agitate with a turbin
in order to bring out the potassium salt. Filter the K salt by suction.
Wash with glacial acetic acid, then alcohol and ether. (At this stage

200 gms. of the product gives a slight positive biuret test). Dissolve in
10 liters of water. Stir with a turbine. Add basic lead acetate until
there 1s a complete precipitation. Grind the lead salt in a mortar with
water and filter through a suction. Repeat this three times. Suspend in

5 liters of water, 100 gms. Ba acetate and 50 cc. acetic acid. Decompose
with HpS and stir. Stand 12 hours. Filter of PbS. Precipitate the

barium salt by the addition of 1/3 the volume of 95% alcohol. TFilter.

Wash with 507% alcchol, then 95% absolute alcohol and ether. (A white
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powder that gives a negative Biuret is formed). At this point the product
is the Ba salt of chondroitin and chondroitin sulfuric acid,

To repurify 25 gms. of the Ba salt of chondroitin sulfuric aéid:
Dissolve in 2 liters of water plus 10 gms. Ba chloride. Add 1 liter of
95% alcohol to form a preéipitate. Wash the precipitate Cl-free by the
addition of 507 alcohol, absolute alcohol and ether. Dry in a vacuum.

To remove small amounté of the lead salt: Dissolve the lead salt
in 10% HCl. Remove the filtrate from lead chloride by precipitation of
the chondroitin sulfuric acid with glacial acetic acid. Wash with glacial

acetic acid, alcohol and ether.

a9,
Author: P.A. Levene and J. Lépez-Sudrez
Reference: Biochem. Zeit. (1913), 56, 170

 Name of the Product: Mucoitin Sulfuric acid

Analysis of Product:

C: 43.29
H: 5.4‘?
S:‘ 5.37

Salts: Ba, 4.29

50.
Author: F. Alzona
Reference: Biochem. Zeit. (1914), 66, 408

Neame of Product: Chondroitin sulfuric acid

Method of Preparation: Add 2% NAOH to the minced pig stomach, intestines,

urinary bladder or parenchymatous organs. Stend 24 hours. Partially

neutralize the solution by the addition of acetic acid.
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Add picric* and acetic acid by turn until further addition ceases to0 form
a precipitate. Filter. Add 5% CaClp to the filtrate. Concentrate the
filtrate from the calcium precipitation until the addition of acetic acid
brings about a floculant precipitate. This reagent precipitates the con-
jugated sulfuric acid.

Analysis of Product:

C: 28,97%
H: 5.09
N 3.61

S: 8.03

Protein: Orcin -

Glucuronic aoid: Naphthoresorcin #
Pentose : Orcin, +

Equivalent weight: Na, 11.27

5.
Author: F. Alzona
Reference: Biochem. Zeit. (1914), 66, 408

Name of Product: A sulfuric ester of a carbohydrate

Method of Preparation: The product is made from human prostate.

* "The reason for the use of picric acid .... The carbohydrate component
of mucoproteins have in ccmmon withperic acid the property of combining
with protein at a certain hydrogen ion concentration which is attalned
by acidulation with acetic acid. When the protein is detached from its
carbohydrate by means of alkali and when the solution is rendered acid
with acetic acid a large part of the protein recombines with chondroitin
or mucoitin sulfuric acid. The addition of picric acid aims to reduce
this combination to a minimum,"
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Analysis of Product:

C: 28,887

H: 3.71

N: 2,72

Pentoses: Orcin, =

Glucuronic Acid: mnephthoresorein, =

Equivalent weight: Na, 16.24

52.
Author: Leveone, P,A, and La Forge
Reference: J. Biochem. (1914), 18, 239

Name of Product: Mucoltin sulfuric acid

Analysis of Product:

C: 25,13%

H: 3.88

N: 2,11

S:  4.26 (ﬁa salt)

Salts: Ba, 18,35

Author: P.A. Levene
Reference: J. Biochem. (1916), 28, 373

Name of Product: Mucosin

Method of Preparation: Stand blood-free minced umbilical cords for three

days in 7.2% NaOH. Acidulate. Centrifuge to remove the precipitate. Con-
centrate the liquid with excess Barium carbonate on water bath for 24 hours.

Centrifuge. Add barium carbonate to the remaining liquid. Stand in warm
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water bath. Add water from time to time. Continue for 2 days. Centrifuge.
Preociplitate the clear solution with glacial acoetic acid. Redissolve in
water and add barium acetate. Reprecipitate with glacial acetic acid,
Wash with alcohol. Dissolve in water. Neutralize with BaOH. Add 95%
alcohol. Wash with increasing concentrations of alcohol up to 99,5%.

Wash with ether. The product thus obtained is the barium salt of mucoitin
sulfuric acid. Dissolve 4.5 gms. of this barium salt in 100 cc. 10% HCl.
Heat in water bath for one-half hour. Concentrate to 3 cc. in a 462C. water
bath under diminished pressure. Pour into 200 cc. alcochol and 400 cec. dry
ether in order to bring about a white flocculent precipitate. Stand for 8
to 12 hours, Filter and dry.

Yield: 1.5 gm.

Analysis of Product:

C: 38.25%

H: 5.8

Glucosamnine: Acetyl -

Glucuronic acid: +

Protein: NHoN, 3.24

Specific rotation: ( ) 23 - + 25,55

\

54.
Author: P.A. Levene and J. Lépez-Sulrez
Reference: J. Biochem. (1916), 26, 373

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Colloct 75 umbilical cords in 95% alcohol. Wash wihh

water until free from alcohol and place in 5 liters 3% NaOH for 3 days.
Acidulate with acetic acid. Effect neutralization in part by barium

hydrate and complete with BaCOz-. Filter. Precipitate the conjugated
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sulfuric acid by adding basic lead acetate. Wash the prociplitate 6 times
by decantation with distilled water. Filter. Suspend the precipitate

in water and repeat the process. Filter on suction funnel. Dissolve in
100 cc. glacial ncotic acid. Add excess (2 liters) of acid to the
solution in order to precipitate the conjugated sulfuric acid. Filter in
a suction funnel. Wash with alcohol, then ether. Suspend in water. Free
from the lead by passing water through the mixture while it is mechanically
stirred. Separats the lead in the colloidal state. Add a slight excess

of barium hydrate to make possible its removal. Boil until the coagula-
tion of the sulfide is complete. Remove the sulfide by means of the
centrifuge. Remove the excess barium with COp gas, Remove COz by cen-
trifuging; Treat the olear solution with an equal volume of 98% alcohol

to precipitate the conjugated sulfuric acid. Filter. Wash with 50%
alcohol, then alcohol of incrseasing concentrations. Dissolve the substance
~ina sﬁall emount ‘ of water. Centrifuge tho‘insoluble part., Preclipltate
the ;lear solution with alecohol in order to obtain a Biuret-free substance.
Dry under diminished pressure over sulfuric acid at a temperature of water
vapor.,

Analysis of Product:

C: 32.65%

H: 4.61

Ns 4,53, for the Kjeldshl test, 0.1228 gm. neutralirzed 3.97 cc.
1-N acid,

S: 3.05 (Ba salt)

Salts: Ba, 2167

Specific Rotation: (<) Z5initial, 84.82%; equilibrium, 71.94°

R
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55
Author: P.A. Levene and J. Lépez-Sudroz
Reforence: J. Biolchem. (1916), 26, 373

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Collect 75 umbilical cords in 95% alcohol, Wash in

water free from alcohol and place in 5 liters of 3% NaOH for 3 days.
Acidulate the solution with acetic acid. Effect partial neutralization by
the addition of barium hydrate, end complete the neutralization by the
addition of barium carbonate. Filter. Add a slight excess amount of barium
carbonato. Place for 5§ hours in a boiling water bath. Cool. Centrifuge to
remove the precipitate of carbonate and coagulated protein. Add glacial
acetic acid to clear the solution, until a precipitate no longer forms.
Filter through a suction funnel. Wash with acetic acid, and alcohol.
Dissolve in water. Make the solution alkali with addition of barium
hydrate. Precipitate the excess reagent by means of CO2 . Centrifuge for
the removal of carbonate. Treet the clear solution with 98% alcohol until
a procipitate no longer forms. Dry under diminished pfessure over H2S04
at the temperature of water wvapore.

The resulting product is a white amorphous powder.

Analysis of the Product:

C: 35.61%

H; 5.30

N 3.57; Keldehl, 0.1371 gm. neutralized 3.50 cc. 0.1 N acid.
Protein: Biuret, -

Specific rotation: (O¢)25initial, 84.82, equilibrium, 71.94°
D _

Salts: Ba, 21.67

S: 2.35
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56.
Author: P.A. Levene and J. Lpez-Sudrez
Reforence: J. Biol. Chem. (1915), 25, No. 3

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Dissolve the mucous contents of fresh pig stomach

in 3% NaOH. Stand for 3 days. Acidify with acetic acid. Add excess BaCO3.
Place in a water bath until the liquid is clear. Remove the precipitate
with a centrifuge.

To precipitate with lead acetate: Suspend the lead salt in 10
parts of water. Add excoss BaCOgz. VPass HpS through the solution.
Agitate with a mechanical stirrer. Keep at 95° C. Concentrate the fil=-
" trate under diminished pressure to 1/4 the voluﬁe. Add an equal amount
of 95% alcohol to bring out the crude barium salt.

Or, to precipitate with glacial acetic acid, the precipitate should
be dissolved in water and precipitated with an wqual volume of alcohol,

To remove the nucleic acid: Dissolve the crude substance in water,
Add excess BaOH. Remove the excess BaOH by passing a stream of carbonic
acid gas through the solution. Centrifuge to get rid of the barium salt
of the nucleic acid and the BaCO3 . Add an equal volume of alcohol to
clear the filtrate. Redissolve the precipitate. Reprecipitate the
solution. Continue until the final precipitate gives an absolutely clear
solution. (80% of the crude material is lost). Dry under diminished
pressure at the temperature of water vapor.

Analysis of Product:

C: 36.,08%
H: 5.32
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]

N: Kjeldahl, 1,38 gm. neutralized 3.5 cc. 0.1 HCl,

S

(1]

1.80, 1.85 (Ba salt)
Amino sugars: glucosamine, 3.53, 2.89
Salts: Ba, 21.49, 14.38

Specific rotetion: (&) 2Qinitial, -90.10; equilibrium, - 70.63

5.
Author: P.A. Lgvens
Referonce:J. Biolchem. (1918), 36, 128

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Stand blood serum mucoid for three days in 50% NaOH.

Acidulate with acetic acid. Concentrate on water bath in excess BaCOgz.
Convort the filtrate into the lead salt. Treat with glacial acetic acid.
Dry with alcohol. Free from the lead. Reprecipitate Qith lead acotgto.
Wash the lead salt many times with glacial acetic acid. Dry.

Yield: 14 gms.

Analysis of Product:

N: 5010%

Author: P.A. Levene
Reference: J. Biolchem. (1918), 36, 128

Method of Preparation: Boll 12,5 liters of beef blood serum. Stand 3 days

at 40°C. in 50% NaOH. Acidify with acetic acid. Concentrate on water bath
with excess BaCOz. Convert filtrate into Pd salt. Treat with glacial
acetic acid. Dry with alcohol. Free from lead. Reprecipitate with lead

acetate. Wash the lead salt many times with glacial acetic acid. Convert



APPENDIX I ‘ Page 237

the lead salt to a barium salt the following way: Suspend the lead salt
in water. Add excess BaCO3z . Pass H2S through the solution until the
lead has separated out. Get rid of the H S by neration.. Precipitate the
solution with 99,5% aloohol; Dissolve the precipitate in a little water.
Centrifuge to remove all the soluble barium salts. Repeat this a few
times. Precipitate the solution with 99.5% alcohol. Dry.

Yield: 1.5 gm.

Analysis of Product:

C: 29.71%

H: 4,44

N: 5.25

S: 1.96 (Ba salt)

Saltss Ba, 29.14

59,

Author: P.A. Levene
Referoﬁéo? J.'Bioﬁzhem. (1918), 36, 111

Name of Product:_imucoitin sulfuric acid

Method of Preparation: Add barium hydroxide to the mucous from gastric

wall until a concentration of 3% is reached. Stand for three days at room
temperature. Add HySO, until the solution is acid to Congo Red. Centrifuge.
Neutralize the supermatant liquid with Ba (OH)2 until it is neutral to
Congo Red, but, acid to litmus. Neutralize to litmus with BaCO3z . Boil
for three hours. Filter. Add BaCOz to the filtrate. PFlace in a water
bath for 2 to 3 days, until negative to the biuret test. Centrifuge.
Precipitate the supernmatant liquid with glacial acetic acid. Redissolve

the precipitate in water. Reprecipitate with glacial acetic acid. Wash
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the precipitate many times with 957% alcohol until almost all the glacial
acetic acid is gone. Dissolve in a minimum amount of water. Make the
solution exactly neutral with Ba(OH)2 « Precipitate the barium salt of
mucoitin sulfuric acid with alcohol. Wash the crude salt repeatedly with
a 507 solution of alcohol until the inorganic impurities are gone. Wash
with alcohol of increasinp concentrations. The product at this point is
a salt composed of mucoitin sulfuric acid and nucleic acid. Take up the
mixture in water and centrifuge in order to separate the two aclds.
Repeat. Pour the clear solution into excess alcohol to precipitate the
barium salt of mucolitin sulfuric acid,

Analysis of Product:

C: 3.47%
S: 1l.48; BaSO4, 0.1500 gm. of the product gave 0.0162 gm BaS04.
Equivalent weight: 0,1000 gm. neutralizes 2,48 cc. 0.1 N acid

Specific rotation: (CX) g0, 22.54°

0.
Author: P.A. Levene
Reference: J. Biolchem. (1918), 36, 111

Name of Product: Mucosin

Method of Preparation: Prepare mucoitin sulfurlic acid as described

above (#59). Dissolve 14 gms. of the barium salt in 100 cc. water and
15 cc. HCl. Stand on boiling water bath for 20 minutes. Concentrate the
solution under diminished pressure, in a 40° C. water bath, to 5 cc.

Pour into 1 liter 95% alcohol and 1 liter ether. Filter the precipitate.

Dissolve it 1n 3 cc. water. Precipitate with 400 cc. 95.5% alecohol. Add
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an equal volume of ether to form & second precipitate.

Analysis of Product:

Protein: NHoN, 2.12%; Van Slyke, 1 gm. gave 1.38 cc N. at 22 and

75,3 mm. pressure.

Specific rotation: GD‘)%O +25,75°

6l.
Author: P.A. Levene _
Reference: J. Biol. Chem. (1918), 36, 111

Name of Product: Chondroitin sulfuric acid

Method of Preparation: Stand, hashed, dissected aorta for 36 hours in 2%

NaOH. Decant and extract for 36 hours. Strain combined solutions and
neutralize them. Concentrate with excess BaCOz. Filter. Wash the pre=-
cipitate with glacial acetic acid. Wash with alcohol. Dry. Dissolve the
remaining product after hydrolysis in water. Reprecipitate with glacial
acetic acid, Wash the precipitate with glacial acetic acid and alcohol,
Dry and dissolve in KOH. Add excess BaClz. Add an equal volume of 95%
alcohol. Wash wifh 507% alcohol until free from BaClps. Continue with
increasing strengths of alcohol, and ether. Dry.

Analysis of Product:

C: 28.7%
H: 3e35
N: 2,54

S: 2.4; BaSO4, 2 gms. of the product gave .0354 gm. of BaSO,4
on fusion.
Equivalent weight: 0.2 gm. are required to neutralize 3.63 cc.

CCe 001 N acid
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Specific rotation: @€, + 42.0°

88
Author: P, A, Levene
Reference: J. Biolchem. (1918), 36, 111

Name of Product: Chondrosin

Method of preparation: Prepare chondroitin sulfuric acid as described

above (f61). Hydrolyze chondroitin sulfuric acid for 1 hour in a
boiling water bath with 60 cc. of 20% HCl. Filter the reaction product.
Concentrate under diminished pressure. Precipitate with alcohol and
ether.

Yield: 4 gms,

Analysis of Product:

N: 4,34%; NHN, 3.41

Specific rotation: + 42,0

Equivalent weight: 0.l gme are required to neutralize 3.1 cc.
0.1 N acid

Ven Slyke micro-apparatus: 0.020 gm. gave le2 cce N at 25° C,

and 75946 mme pressure

Author: P, A, Levene
Reference: J. Biolchem, (1918), 36, 1i1

Name of Product: Chondroitin sulfuric acid

Method of Preparation: Extract the sclera of 1000 eyes in 20 liters

of 3% NeOHe Continue the extraction for 3 days. Strain. Neutralize
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with acetic acide. Add barium carbonate in excess. Concentrate to a
small volume in a water bath., Filter the reaction product on a

suction funnel., Convert into lead salt, and thon into sodium salt.

Analysiss
C: 34.27%
H: 4.86
Nz 5.66

S: 4,67 (Ba salt)

Author: P. A, Levene
Reference: J. Biolchem. (1918), 36, 111

Name of Product: Mucoitin sulfuric acid

Method of Production: Extract vitrous humor for 3 days in 50% NaOH.

Add excess BaCO;. Acidulate and concentrate in a water bath. Filter
on suction. Add basic lead acetate to precipitate all the acid.

Wash the load acetats by decantation. Filter. Wash the precipitate
with glaciel acetic acid. Filter. Wash the precipitaete with-alsohol,
Pat in water. Add KoH until the solution is slightly alkalirze. De-
compose the lead salt with st. Remove the st by aeration., Pour

the solution into 2 liters of alcohol., Wash the precipitate with
ether and alcohol,

Analysis of Product:

O: 34439%; 040958 Ba salt yielded 0,1208 gm. COp

¢ Bl72
N: 4.96

n
Y

3463; Baso4, 0.2 gms of the product gave 0.,0528 gm. BaS0,



Moisture: 0.,0958 Ba salt yielded 0.0490 gm. Hy0

Equivalent weight: 0.1 gm. neutralized 3,54 cc. 0.1 N acid

85
Author: P. A, Levene
Reforence: J, Biolchem. (1918), 36, 111

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Extract the cornca of beef eyes in 3% NaOH,

Straine Acidulate with acetic acid. Add BaCO; and concentrate on a
water bathe Filter ggzg-suction. Add lead carbonate to precipitate
all the acid.

An altermative msthod is to acidulate the solution concentrated
with barium carbonate. Pour the filtrate into excess glacial acetic
acid. Wash many times with glacial acetic acid and alcohole Redis-
solve the dry substance in water and KOHe. Pour the solution into
excess 99.,5% alcohol, Dry and hydrolyse the potassium seal t.

Analysis of the Product:

C: 37.85%; 0.0950 of the K salt ylelded 0.1318 gm. CO,

H: 6432

N: 4.62

S: 1l4.74; in the first method 0.200 gm. of the product yielded
00330 gms BaSO,4; in the second method 0.0452 gm. was yielded

Moisture: 0.,0950 gm. X salt yielded 040528 gm. H,0

Equivalent weight: 041000 gm. of the product noutralized 2.42

cCe 0.1 N acid, in tho second method, 6.9 cc,
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Author: P. 4, Levene
Reference: J. Biolchem. (1925), 65, No. 3, 690

Name of Product: Mucoprotein

Mgthod of Preparation: Remove the snail, Helix Aspersa from its shell

end by rubbing the body with a glass rod, collect the mucous., Keep
this mucous in alcohol until 500 grams ere collected. Acidulate with
acetic acids Filter. Put the filtrate in fresh alcohols Reflux for
2 to 3 hours. Pass tho mucoprotein through a hydrolic press. Mince
the dry cake that results. Suspend in large quantities of hot water
and 1 to 2% acetic acid. Remove the lime salts by turbinating.
Renew the water every 2 hours until incineration of the suspended

material leaves only a small residue. Wash the suspended material

with cold water. Filter. Pass thrcugh a hydrolic press,

67
Author: P. A, Levene
Reference: dJ. Biolchem. (1925), 653 No. 3, 689

Name of Product: Obtein mucoprotein from the snail, Helix aspersa

according to directions given above (#66). Extract 500 gﬁs. of the
moist mucoprotein in 1000 cc. of 5% NcOH, Place in shaking machine
for 48 hours, Put the viscous fluid in twice the volume of 95%
alcohol, Centrifuge to remove the precipitate. Wash and repeat the
process with 957 alcohol, Suspend the precipitate in 800 cc. 5%
aqueous NaOHe Shake for 24 hours until the sodium salt appears.
Tfansfer the mixture to twice its volume of 95% alcohole. Centrifuge

to separate the precipitate from the fluid,.
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To remove the protein: Suspend in 5% NaOH. Place in shaking machine
for 1 hour. Centrifuge to sediment the mucoitin sulfuric acid. Replace
the alkali with distilled water. Place in & shaking machine. Repeat
until a negative biuret is given.

To remove the calcium: Add HCl to the mucoitin sulfuric ascid in
water, until it is acid to Congo Red. Shake for 1/2 hour; Keep replacing
HC1l with fresh water until the chloride ions are gone. Dry with alcohol
and ether,

Yield: 500 gms. of moist mucoprotein yeilds 15-18 gms. mucoitin sulfuric
acid,

Analysis of Product:

N: 2.66%'

Sz 2.34; 0.2048 gms. of the product gave 0.350 gms. BaSO4
Protein: Biuret, =

Equivalent welght: 0.1000 gms. of the product are required %o

neutralize 0,360 gm. BaSO4.

Author: P;A. Levene

Reference: J. Biol. Chem. (1925), 65, No. 3, 689

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Obtain mucoprotein from the snail, Helix aspersa

as described above (7 66). Plece the mucoprotein in twice its weight of
NaOH. Place in water bath for 3 hours, Cool the clear solution. Nou-
tralize with acetic acid. Centrifuge in order to remove the protein.

Procipitate the mucoitin sulfuric acid from the supernatant liquid with



APPENDIX I Page 245

basic iead acetate and amonia. Centrifuge to free the precipitate from
the supernatant liguid. Wash in water. Add sufficient HC1l to convert
all the lead into itg chloride. Remove the lead chloride by centrifuging.
Pour the supernatent fluid into excess glaciel acetic acid to form the
flocculant precipitate of mucoitin sulfuric acid. Free from the super-
natant liquid by centrifuging. Add a small amount of water. Precipitate
with alcohol.

Yield: 500 gms. of moist micoprotein yields 10 gm. of mucoitin sulfuric
acld.

Analysis of the Product:

C: 40,43%
H: 5.66%

(7]

1.14; 0.1635 gm. of the product yielded 0.0136 gm. of BaSO4
Protein: Bluret =-
Equivalent weight: 0.1626 gm. of the product are required to neu-

tralize 3 cc. 1 N acid.

Author: P.A, Levene
Reference: J. Biol. Chem. (1925), 65, No. 3, 690

Name of Product: Mucoitin sulfuric acid.

Method of Preparation: Obtain mucoprotein as described above (766). Ob-

tain the lead salt of mucoitin sulfuric acid as described above (#68).
Suspend the lead salt in water and barium acetate. Pass HpS through the
mixture. Concentrate the filtrate to a small volume. Pour in large

excess glacial acetic acid. Add water. Reprecipitate with alcohol.,
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Analysis of Product:

=

4.90%
S: 1.65; 0.2590 gm. of the product ylelds 0.0312 gm. BaSO4.
Equivalent weight: 0.1000 gm. of the product are required to neutral-

ize 3.50 cc. 1 N acid.

70.
Author: P.A. Levens
Reference: J. Biol. Chem. (1925), 65, No. 3, 689

Name of Product: Mucosin

Method of Preparation: Obtain mucoprotein as described above (# 66). Ob-

tain mucosin sulfuric acid as described above (#s 67, 68 or 69).

To hydrolyze no further than mucosin formation: Place 10 gms. of
mucoitin sulfuric acid in 200 cc. 20% oxalic acid. Reflux for 1 hour over
a fres flame. This results in the formation of the white precipitate of
calcium oxalate, Centrifuge to free from sediment. Pour into 2 1/2 times
its volume of ether. Dissolve 5§ gms. of the product in 100 cc. 10% HC1,
Reflux for 1/2 hour on a boiling water bath. Concentrate the solution under
reduced pressure., Pour into a mixture of 300 cc. alcohol and 300 cc. ether,
Dissolve in 50 cc. of 20% HCl and treat as before.
Yield: 1.2 gms,

Analysig of Product:

N: 4.69%; NHpN, 4.02

Glucuronic acid: 60

Author: P.A. Levens

Reference: J, Biol. Chem. (1925), 657 No. 3, 689
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Neme of Product: Mucoitin sulfuric acid

Method of Preparation: Extract mucoprotein from minced snails foot., Cen~

trifuge the solution. The mucoprotein will precipitate from the supernatent
liquid after the addition of acetic acid. Redissolve and reprecipitate
seyeral times. Reflux the final precipitate in 95% alcohol for several
hours. Add alkali. Treat as described above (# 68).

Analysis of Product:

C: 40.39%
H1  6.19
N: 3,58
S: 0.48

Glucuronic acid: strongly +

Protein: Biuret, =

Author: P.A. Levene
Reference: J. Biol. Chem. (1925), 65, No. 3, 689

Nems of Product: Mucoitin sulfuric acid; polysaccharide from "gluco-

protein.”

Method of Preparation: Prepare mucoprotein and mucoitin sulfuric acid as

described above (# 7l1). Isolate the carbohydrate as described above
4 68). Precipitate out of solution with alcohole

Analysis of Product:

Cs 742.61%‘
H:* 6.38%
N: 0.98
S: 0.67

Specific rotetion: initial, (<) §9 + 0.35, equilibrium, + 0.16
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73.
Author: P.A, Leyene
Reference: J. Biol. Chem. (1925), 65, 689

Method of Preparation: Extract snail bodies in twice their volume of

boiling water for two hours. Add 3% KOH and 8% potassium iodide. Add
alcohol until a precipitate is no longer produced. Centrifuge. Wash the
precipitate several times with 50% alcohol and 8% potassium iodide.
Dissolve the crude substance in HCl of a specific gravity of 1l.19. Cool
on ice and salt. Centrifuge. Pour the supernatant liquid into alcohol,
Centrifuge the precipitate. Wash with alcohol to get rid of the free
mineral acid. Suspend the precipitate in water. Reprecipitate with
alcohol. At this point the product is a mixture of polysaccharide and
mucoitin sulfuric acild,

To separate the two substances: Precipitate the centrifuge super-
natant with alcohol. Purify part of the insoluble fractions with HCl.
Redissolve the polysaccharide in water. Centrifuge. Precipitate the
supermatant liquid in alcohol.

Name of Product : Polysaccharide

Analysis of Product:

C: 42,61
H: 6.38
0: 0,98
N: 15.69
S:  0.67

Equivalent weight: 0.0925 gm. of the product is required to neutralize
0.65 cce of 0.1 N alkall.
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74,
Author: P.A. Levens
Reference: J. Biol. Chem. (1925), 65, No. 3, 689

Name of Product: Mucoitin sulfuric acid

Method of Preparation: Prepare mucoitin sulfuric acid from the snail bodies

of Helix pomatia as described above(#s 67,68).

Analysis of Product:

N: 2.32%
S: 5037

Salts: Ba, 9,01

75,
Author: P.A., Lewene
Reference: J. Biol. Chem. (1925), 65, No. 3, 689

Method of Preparation: The product is prepared from the foot of the snall,

Helix pomatia, according to the procedure described in number 72.

Analysis of Product:

C: 36.88%

H: 5.09
N: 1.2
S: 0.8
Ash: 8

Specific rotation: (CX) 35, initial + 0.10°, equilibrium, + 10¢

7.
Author: P.A. Levene
Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London,

(1925), 135
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Nane of Product: Mucin

Mothod of Preparation: Take up submaxillery glands in ether. Mince and

extract with water for 24 hours. Add chloroform to prevent bacterial
growth. Decant supernatant fluids Add ether and thoroughly shake the
mixture. Draw off the clear lower layer continue according to Hammersten

as described above (# 9).

77,
Author: P.A. Levene
Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London,
Co., (1925), 137

Name of Product: MNucin

Method of Preparation: Mince the bodies of snailg. Extract with 0.01% -

0.02% KOH. Centrifuge. To facilitate the removal of suspended particles
Hammarsten 1liberal dilution of the eoxtract, e.g. 60-70 snails into 9 to
12 liters of water. Precipitate with acetic acid. Continue according to

Hammarsten as described above (#! 8).

78.

Author: Willanen

Reference: From, Hexosamines and Mucoproteins, Longmans, Green and Co.,

P.A. Levena, (1925), 137

Name of Product: Ovomucoid

Method of Preparation: Add white of egg to 4 volumes of water. Strain.

Make strongly acid with acetic acid and pour into 1 1/2 volumes of boiling
water. Bring the mixture to a boll with constant stirring. Concentrate

the filtrate from the coagulated protein to a small volume and pour into
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5 volumes of alcohol. Repurify the mucoid by re-extraction with water and

roprecipitate with alcohol,

Author: Melesi
Reference: From, Hoxosamines and Mucoproteins, Longmans, Green and Co.,
(1925), P.A. Levens, 137

Name of Product: Ovomucoid

Method of Preparation: Precipitate the total protein of egg white with

99 1/2% alecohol. Filter thebprecipitate and dry in vacuc at ordinary
temperature., Extract with cold water and precipitate the mucin with

alcohol.

80.
Author: P.A. Levene
Reference: Hexosamines and Mucoproteins, Longmans, Greén and Co., (1925),
137

Name of Product: Serum Mucoid

Meothod of Preparation: Dilute 1200 cc. of blood serum with 2 liters of

1/2% salt solution. Remove the coagulable proteins from this solution by
boiling and acidifying with acetic acid., Concentrate the clear filtrate
in vacuo at 45° to a small volume and precipitate with alcohol. Filter
the precipitate and wash with ether and alcohol until it is practically

clear,

Author: P. A. Lovene
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Reforonce: Hexosamines and Mucoproteins, Longmans, Green end Co., (1925),
London, 139

Name of Product: Pseudomucin

Method of Preparation: Filter the contents of cysts and pour into 2 to 3

volumes of 957 aloohol. Remove the precipitate on a glass rod. Free in
presas from adhering liquid and transfer into alcohol. Remove alcohol
with ether. Dry. Purify by dissolving in water and repeat process as

before. Solubility lost on long standing in alecohol,

82,
Author: P. A. Levene
Referenco: Hoxosamines and Mucoproteins, Longmans, Green and Co. (1925),
London, 139

Name of Product: Paramucin

Method of Preparation: To the solid material from the semisolid content

of cysts (colloid) add dilute aqueous hydrogen chloride until the mixture
Just begins to react to Congo Red., Wash tho so0lid material with alcohol
containing very little hydrogen chloride until the wash alcohol is color-
loss, Carefully wash the substance with absolute alcohol and then with

ether and dry.

Author: P.A. Levene

Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London

(1925), 139

Name of Product: Acetic acid soluble fraction of urine mucoid

Method of Preparation: Prepare urine mucoid as described above (#19)
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Concentrate the solution obtained on the washing of the insoluble fractim.
"Procipitate with acidulated alcohol. Redissolve the precipitate in a
little water. Free from mineral salts by dlalysis and take up the solution
in alcohol. The mucoid settles out in little floccules after the

addition of very little salt. Filter and wash the substance with alcohol

and ether.

84.
Author: P.A. Levene
Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London
(1925), 106

Name of Product: Chondroitin sulfuric acid

Method of Preparation: Minced tissues from pig's stomach, intestines,

bladder, or parenchymatous organs are taken up in a 2% solution of NaCH
and the solution is allowed to stand 24 hours. Partially neutralize the
solution with acetic acid and then treat alternately with piocric acid*
and acetic acid until further addition ceases to form a precipitats,.
Precipitate the chondroitin sulfuric acid from the filtrate with alcohol.
The nucleic acid present in the case of parenchymatous organs can be re-
moved by means of cupric chloride. Precipitate the conjugated sulfuric
acid that remains in the filtrate with alcohol. If nucleic acid is still
present, dissolve the mixture in water, add excess barium hydroxide, and
precipitate the mixed barium salts with alcohol and glacial acetic acid,
The two substances are separated by their difference in solubility in
water. Repeat the operation %{Wnecessary.

*The reason for the use of pleric acid is described above(#50).
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Analysis of the Product:

N

5.43%

S: 3

Author: P.A. Levene
Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London
(1925), 107

Name of Product: Hyaloidin

Method of Preparation: Whon ovarial fluid is hydrolyzed with strong alkali

hyaloidin, protein fragments and melanoid substances are formed. Add Ho0o
to destroy the melanoid substances and some of the protein fragments.

Add a small amount of HpOp and water twice a day for 2 to 3 dnys at the
end of which time the blue color from copper disappears and the suspensim
acquires a yellow color. By the addition of acetic acid, the hyaloidin
is precipitated with copper acetate end al coholic potassium hydroxide

solution and further treated as described above.

86.
Author: P.A. Levens
Reference: Hexosamines and Mucoproteins, Longmans, Green and Co., London,

(1925), 113

Name of Product: Chondroitin sulfuriec acid

Method of Preparation: Clean portions of 50 Achilles tendons from cattle.

Pass through & hashing machine and stand over night with 20 liters of 2/
saturated lime water. Strain off the liquid and repeat once again on the

residue. Just acidify the combined filtrates with hydrochloric acid to
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produce a flocculent precipitate of tendomucoid. Siphon off the super-
natant liquid and add an equal volume of 95% alcohol. Filter off the
mucoid. Agitate the moist product with 1.5 liters of a 2% KOH solution.
Stand over night. Acidify the turbid brovm solution with acetic acid.
Filter off the separated protein. Neutralize the filtrate with NaOH.
Procipitate the chondroitin sulfuric acid by a solution of basic lead
acetate. Wash the lead precipitate by triturating on a mortar with dis=-
tilled wator and filtering with suction. Suspend the washed product in
about 2 liters of water. Add 10 cc. of glacial acetic acid and 20 gm. of
barium acetate and effect decomposition by passing in HpS with constant
stirring. Filter off the lead sulfide with suction. Concentrate the fil-
trate to about 350 co. Precipitate the barium salt by the addition of
about 250 cc. of alcohol., Filter with suction. Wash with 50%, 95% and
absolute alcohol, and then with ether.

Yield: 12 to 15 gms.

Analysis of Product:

C: 35.8%
He 6.0
N: 3.45

Specifié rotation: (%) p + 41.5°

87,

Author: D,H. Kling
Reference: DEutsch. Arch. Klin. Med, (1931), 172, 165

Neme of Product: Mucin substance

Mothod of Preparation: Centrifuge cattle symovial fluid until clear of

suspended cells. Transfer to large wide-based centrifuge tubes. Gradually
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add 1/2 volums of 3% acetic acid. Shake, Centrifuge at high speed for
10 minutes. Remove the skin with a glass rod, Decant the near clear
fluid, Put the slimy precipitate into the original volume of 1/107% NaOH
and shake. Reprecipitate. Centrifuge. Decant the supernatant fluid.
Wash the precipitate in alcohol and water. Dry the residue over H2S04.

Analysis of Product:

P: =

88.
Author: K. Meyer and J.W. Palmer
Reference: J. Biol., Chem. (1934), 107, 629

Name of Product: Hyaluronic acid

Method of Preparation: Place the vitreous humor of 100 fresh cattle eyes

in acetone. Extract the resulting acetone powder 3 times with 200 cc.
portions of 907 alcohol.and acetic acid. Wash the residue with alcohol
until most of the acetic acid is gone. Suspend in water. Neutralize with
N NaOH. Repeat the extraction with water on centrifuged tissue.

Yield: 0.7 to 1 gm. of the product from every 100 eyes.

Analysis of Product:

O: 13.5%
N; 65-6
Reducing substances: glucose, 30-40

Carbohydrates: Molisch, strongly + after hydrolysis

8s.
Author: K, Meyer and J.W. Palmer

Reference: J, Biol. Chem. (1934), 107, 629
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Name of Product: Mucoid

Method of Preparation: Vitreous humor from 100 fresh cattle eyes is

stirred vigorously. Place in ice box over night. Filter by suction. Wash
with acetone and ether. Dry in vacuo over P20p.
Analyslis of Product:

N: 7%

Ash: 40

Moisture: 11%

PH: over 10

S0.
Author: K, Meyer and J.W. Palmer
Reference: J. Biol.Chem. (1934), 107, 629

Name of Product: Hyaluronic Acid

Moethod of Preparation: Pour the aqueous extracts of the acetone precip-

itate of vitreous humor into 6 times the volume of alcohol and 3 cc. of
glacial acetic acid. Stend in ice box over night., Take up in a small
volume of water. Pour into 15 times the volume of glacial acetic acid.
Place the stringy substance in the ice box over night. Wash with alcohol
acetone and ether. Dry in vacuo over Ps0s. The inorganic material may be
removed by dissolving the substance in 0.2 N HCl and reprecipitating with
glacial acetic acid.

Yield: 100 eyes yielded 0.73 gm. or 307% of organic material.

Analysis of Product:

=

4,77%, 5.16, 3.84
S: Traces that were shown to be CaS04

P: =
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Acotyl: 20,5

Ash: 4,04, 3.48, 10.1, 1.0l

Carbohydrate: Molisth +

Glucuronic Acid: Tollen's naphthorisorcinal -: Tollen's phloroglu-
cinol +; Bial +

Mucic acid formation: -

Protein: Biuret, -

Reducing substances: After precipitation of the neutrallzed hydrol-
ysate with Zn(OH)p, 49.4, 49.0, 52.6, 51.0; on the neutralized hydrol-
ysit, 58.9, 61.2, 60.7, ‘59.4

Uronic acid: Hexuronic acid, 20.5

Equivalent weight: 460, 464, 446, 453

Isolectric points: electrometric titration value 507

-5
Disocciation constant: 4.58 X 10 at 32°

2k,
Author: K. Meyer
Referenco: J. Ophthal. (1936), 19, 860

Name of Product: Hyaluronic acid

Method of Preparation: Precipitate vitreous humor with acetone, and

extract the precipitate with water. Or, umbilical cord may be extracted
with water. Shake the extract (from vitreous humor precipitate, or umbil-
ical cord extraction) with chloroform and amyl alcohol. Redissolve.
Acidify with HCl. Precipitate with glacial acetic acid. Wash away the

acid with alcohol. Dry over Py0g.
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~Analysis of Product:

N: 3.11%

Amino sugar: 39,3
Reducing substances: 64.6
Uronic acid: 45,3

Equivalent weight: 424

92,
Author: K. Mey‘er
Reference: J. Ophthal. (1936), 19, 860

Name of Product: Hyaluronic acid

Method of Preparation: The product is prepared from 200 cattle eyes.

Yield: 7 mg. of acid

Analysis of Product:

Amino sugar: hoxosamine, 23.5%

Reducing substance: 4l.6

Author: K. Meyer
Reference: J. of Ophthal. (1936), 19, 860

Name of Product: Hyaluronic acid

Method of Preparation: The product is prepared from aqueocus humor punctates

of rabbit, dog, or human eyes. According to a modification of Elson's
method (J. Biol. Chem., (1933), 27, 1824) 0.1 to 0.2 cc. of the raw materikl
are extracted in HyS04 or HCl. The tube is sealed with the acid and kopt
in boiling water for 8 hours. The product is then neutralized with 2

- vyolumes of 2 N NaOH.
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Analysis of Product:

Amino sugar: hexosamine, dog = 1.8 mge. per 100 cc.
human = l.4 - 1.7 mg. per 100 cc.

rabbit = 4 mg. per 100 cc.

94.
Authbr: K. Meyor
Reference: J. Biol. Chem. (1936), 114, 689

Name of Product: Hyaluronic acid

Wethod of Preparation: The product is prepared from bovine wvitroous humor.

Analysis of Product: (calculated to ash free basis)

N: 3.1%

Acetyl: 11,7

Reducing substance: (after hydrolysis) 69.5
Uronic acid: 4l.1

Equivalent welght: 424

Specific rotation: ( ) p = =-51°

Author: K. Meyer
Reference: J. Biol. Chem. (1936), 114, 689

Name of Product: Hyaluronic acid

Method of Preparation: The product is prepared from human umbilical cord.

Analysis of Product:

N: 3.4%
Acotyl: 13.4

Reducing substance: 62 _-
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Uronic acid: 4l1.1
Equivalent weight: 391

Specific rotation: (X)p = =65°

Author: O. Karlberg
Reference: Z. Physiol. Chem. (1936), 240, 55

Name of Product: Funis mucin

Method of Preparation: Froe navel cords from blood. Mince. Extract with

water in cold room. Discard the first bloody extraction. Precipitate the
mucin with acetic acid. Wesh with water. Bring into solution by stirring
with KaCOz. Reprecipitate twice with acetic acid.

Analysis of Product:

S: 0.24 (split off by hydrolysis)
Amino sugar: 5.l
Mannose: 5.3

Reducing substance: 12,6

97.

Author: O. Karlberg
Reference: 2. Physiol. Chem. (1936), 240, 55

Name of Product: Vitreous humor mucoid

Method of Preparation: Dilute the vitreous humor from cattle with water,

Precipitate with acetic acid. Continue according to the method described

above (#96).

Analysis of Product:

St 0.05% (split off by hydrolysis)



APPENDIX I Page 262

Amino sugar: 6.1
Mannose: 6.2

Reducing substance: 15,6

Author: O. Karlberg
Reference: 2Z. Physiol. Chom. (1938), 240, 55

Name of Product: Cornea mucoid

Method of Preparation: Extract the cornea with water. Precipitate and

reprecipitate with acetic acid.

Analysis of Product:

S: 0.30% (split off by hydrolysis)
Amino sugar: 7.7 .
Mannose: 8.0

Reducing substance: 14,5

Author: 0. Karlberg
Reference: Z. Physiol. Chem. (1936), 240, 55

Nane of Product: Ovomucoid

Analysis of Product:

Amino sugar: 13.5%

Mannose: 10.2

100.
Author: Kendall, Eoidelberger smd Dawson
Reference: J. Biol. Chem. (1937), 118, 61

Nams of Product: Hyaluronic acid

—
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Method of Preparation: Prepare a 10-liter meat infusion, phosphate broth

containing 0.15% glucose seeded with an 8-hour culture of hemolytic
streptococcus, Group A, strain C-203 (Griffith Type 1 (10) or Type 3 or
1 cc (N.Y.5) in the mucoid phase. Incubate for 24 hours at 37°, Pass
through Sharple's centrifuge. Sterilize by adding 1% phenol. Concentrate
in vacuo to 0.1 volume at a temperature that is below 25°, Add 100 grams
of erystalline Na acetate and 25 ml. of glacial acetic acid. Precipitate
the polysaccharide with 1.25 volumes of alcohol. Discard the supernatant.
Dissolve the solid in 200 ml. of water. Treat with iodine. Vhen glycogen
is present, remove it with saliva at pH 6.5. Add 10 grams Na acetate and
5 ml., glacial acetic acid. Shake mechanically with 5 ml. of chloroform
and 5 ml. of butyl alcohol. Repeat the shaking with fresh portions of
solvents until the solid mulsion layer leaves after centrifuging. Add
1.25 volumes of alcohol in order to precipitate the polysaccharide.
Dissolve the precipitate in 100 ml. of 5% Na acetate plus 2.5 grams of
glacial acetic acid. Reprecipitate as above until the product is
phosphate~free. Dissolve the polysaccharide in 100 ml. of water and add
500 ml. of redistilled alcohol. Wash the precipitate several times with
redistilled alcohol. Filter. Dry.
Yield: (as the neutral sodium salt)

Type 1l: 60-100 mg, per liter

Type 3: 60-~140 mg. per liter

Type 10: 50 mg. per liter
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Analysis of Product:

Type 1 Type 3 Type 10
N* 3.5% 3.8% 3.8%
NHoN: - - -
P: - - -
S: - - -
Acetyl* 11.0 10.9
Ash 5.3 5.9 5.8
Reducing sugar:
(after hydrolysis) 75 84 82
Uronic anhydride: 41.1 42.4 42,6
Equivaleont weight:
(calculated from ash) 411 367 374
Specific rotation:* -73° -77° -86°
Viscosity ** 3e3 2.0
Viscosity **x% 25 57 15

*calculated to ash free basis except for agar growth on R strain,
** reletive to 0.,9% NaCl (of 0.1% solution in 0,9% NaCl)

**% yigcosity of a 0.2% solution in water,.

101.
Author: Kendall, Heidelberger and Dawson
Reference: J. Biol. Chem. (1937), 118, 61

Nams of Product: Hyaluronic acid

lothod of Preparation: Grow Hemolytic streptococcus, strain C-203, in the

mucoid phase, on agar, for 12 hours. Kill the organisms by adding a

mixture of saline solution with an equal volume of alcohol. Stand in the
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cold room for 3 days. Continue as described above (#100), taking care to
remove the agar fragments. Precipitate the polysaccharide twice from
aqueous solution with 5 volumes of glacial acetic acid.

Yield: small

Analysis of Product:

N: 2.2%; amino N, -

S: -
Specific rotation: -63°
Reducing substance: 65 (after hydrolysis)

Uronic anhydride: +

102.
Author: Kendall, Heidelberger,and Dawson
Reference: J. Biol.Chem. (1937), 118, 61

Neame of Product: Hyaluronic acld

Method of Preparation: Prepare a 24~hour broth culture of hemolytic strep-

toooccus strain 203 in the R phase. C ontinue as described sbove (#100).
Precipitate the polysaccharide with 1.75 volumes of alcohol, instead of
1.25 volumes, as indicated above.

Yiold: 9 mgs. per liter

Analysis of Product :

N: 3.7%; free amini N, -

P: -

Sz =

Reducing sugar: 52(after hydrolysis)
Spocifio rotations -16°

—

Uronic anhydride: +
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103,

Author: Kendall, Heidelberger, and Dawson
Reference: J. Biol. Chem. (1937), 118, 6l

Neme of Product: Hyaluronic acid

Method of Preparation: Obtain the sodium salt of Type 3 strain of Hemo-

lytic streptococcus. Acidify the chilled aqueous solution to Congo Red
with diluted HCl., Precipitate with 1.5 volumes of redistilled alcohol.
Redissolve the precipitate in water. Reprecipitate twice with redistilled
alcohol in the presence of a drop of 10% HCl. Filter the precipitate.
Wash free from the chloride with redistilled alcohol. Dry in vacuo over
CaClp and NaOH pellets.

Analysis of Product:

N: 3.,1%; amino N, -

P: -

S: -

Ash: -

Uronic anhydride: 40

Equivalent weight: 416 (not calculated from the ash content).

Specific rotation: =77°

104,
Author: Meyer, K., Smyth, E.M., md Palmer, J.W.
Reference: J. Biol. Chem. (1937), 119, 73

Name of Product: Acid polysaccharide

Hethod of Preparation: The method of Levene and Lépez-Suérez (J. Biol.

Chem. (1916) 25, 511) is used for alkaline hydrolysis of the gastric mucin

from pig stomach scraping. Fractionate the hydrolysate with glacial acetic
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acid, alcohol, and acetone ether mixtures in order to obtain the acid
fractions,

Analysis of Product:

Amino sugar: glucosemine, +; hexosamine, 10207
Uronic acid: 12-25%

Equivalent weight: 400-500

105.
Author: Meyer, K;, Smyth, E.M, and Palmer, J.W.
Reference: J. Biol.Chém . (1937), 119, 73

Neme of Product: Neutral Polysaccharide

Method of Preparation: Dissolve 20 grams of gastric mucin from pig stomach

seraping with 500 cc. of warm water. Neutralize. Add 10 gm. NepyCOz . Keep
at 70° for 15 minutes. Cool the solution. Acidify with glacial acetic
acid to pH = 5. Stand in the cold over night. Centrifuge to remove the
precipitate. Bring the supernatant to 5% H2SO4 . Shake with 100 grems of
Lloyd's reagent. Centrifuge. Extract the sodium precipitate once with
300 cc. water., Combine the supernatant solutions. Add 2 volumes of alco~
hol.* Wash the precipitate in alcohol. Dissolve in 200 cc. water. Add 2
grams of gelatin in 50 cc., of water., Place in ice box over night. Cen-
trifuge. Wash the precipitate with a small amount of water. Combine the
supernatant solutions. Pour into 2 volumes of alcohol. Wash the precipi-
tate with alcohol. Dissolve in 500 cc. water. Add 50 cc. of 25% neutral
lead acetate. Remove the precipitate . Add N NH,OH to the supernatant
until a pH of 9 is reached., Add 20 cc. basic 25% lead acetate. TWash

procipitate in water. Suspend in 200 cc. water. Heat the suspension to 60°

*Since the precipitates were of rubbery consistency, and changed to a hard
bitter mass in increasing alcohol concentrations, it was necessary every

time to wash by triturating with alcohol in a porcelin mortar.
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Pass CO2 through it., Remove lead carbonate. If the solution is still
turbid add NH OH and treat with CO2 . Acidify with glacial acotic acid.
Add 3 volumes of alcohol. Wash the precipltate in alcohol. Dissolve in
10 timss the woight of water. Add 12 timos its volume of glacial acetic
aicd, to form e precipitate. Wash the precipitate with alcohol, acetone
and ether. Dry.

Yield: 3.00 grams

Analysis of Product:

N; 5.4%

Acetyl: 10.2
Anino sugar: 36,2
Ash: 4,2
Moisture: 3.8

Uronic acid: 1.1

106 L]
Author: Meyer, K., Smyth, E.M., and Palmer, J.W,
Reference: J. Biol. Chem. (1937), 119, 73

Name of Product: Neutral Polysaccharide

Method of Preparation: Prepare neutral polysaccharide as described

above (#105). Further purify by the following method: Dissolve 2.92 gm.
of the powder in 150 cc., H30. Add 30 cc. 8% Zn acetate. Adjust to
maximum precipitation with N NaOH, Pour the supernatant into 3 volumes
of alcohol. Wash the precipltate. Dissolve by warming in 20 cc. water.
Add 20 cc. glacial acetic acid with vigorous shaking. Wash precipitato
(A) snd dry. To the supernatant sbove add 200 cc. glacial acetic acidi

Wash the precipitate and dry. Dissolve in 200 cc. water. Add 200 cc.
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glacial acetic acid in small portions. Wash the precipitate (B) and

dry.

To the turbid supernatant above, add 200 cc. acetone and a few

cc. of sodium acetate in alcohol. Wash precipitate (C) and dry.

Yield: A: 0.245 gm,
B: 1.550 gm.

C: 0.4896 gm.

Analysis of Product:

A. B.
Ne 5.4 5.4

S: - -

Acetyl: . 10.0 10.8

ABh: 2.3 102 0
Equivalent 0o 0.5 0.9
welght: -

(carboxyl)

Moisture 6.2 5.0 5.3
SPGCiin "409 "8.0
rotation

(o)

Uronic acid 1.2 0.5 1.1

L.

5.0

. "2. 3. 4 5. 6. 1. 8
4,8 6.2 542 5.l 5,2 3,9 3.3 5.3

10,9 10.7 10.8 11.1 14.8 10,9 16.8 9.2 9.8

le2 0.9 0 0.8 0.9 1l.6 2,0 1.3

2.4 2.9 0.4 0.8 0.4 0}

1e3 Ta7 506 645 T7e3 6.1 2.5 2.8
+8.0 +8.7 =2.2

6.1 2,7 1.3 3.3 2.0 0.3 1.0 0.4

107,

Author: Meyer, K., Smyth, E.M., and Palmer, J.W.

Reference: J. Biol. Chem. (1937), 119, 73

Name of Product: Acid polysaccharide

Method of Proparation: Extract 40 gms. a commercial sample of mucin from
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plg stomach scraping, with 400 cc. N NaOH, for 2 days at room tempera-
ture. Precipitate by the addition of 2 volumes of alcohol. Wash the
precipitate with alcohol., Dissolve in a small amount of water. Re=-
precipitate with 10 volumes of glacial acetic acid. Wash the precipi-
tate with alcohol and acetons. Dry. Dissolve the product (3 gm.) in

150 cc. noutral water. Add O.1 N HCl. Shake with 15 gm, Lloyd's
reagent, Contrifuge to separate the supefnatant. Wash the precipitate
with 50 cc. water, Precipitate the supernatant solutions with 4 volume s
of alcohol. Wash the precipitate with alcohol. Extract twice with 25
cc. water., Precipitate the wet extracts with 5 volumes of alcohol, Wash,
Dry.

Yield: 1.09 gm.

Analysis of Product:

S: 4,7%, 1.0 *

N: 4.0, 1.9 *

Acetyl: 8.8, l.4 *

Ash: 8,2

Amino sugar: 32,8, 1,2 *

Uronic acid: 39,1, 1.5 *

Equivalent weight: 659

Specific rotation: at 25° C, = 20.2°, at 24°C, = =35.7° (noutral=-

ized sample).

Author: Meyer, K., Smyth, E.M., end Palmer, J.W.

Reference: J. Biol. Chemt (1937), 119, 773

*Equivalent per equivalent weight
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Name of Product: Acid Polysaccharide

Method of Preparation: Extract 50 gms. of & commercial sample of gastric

mucin from pig stomach scraping, for 4 days in 500 cc. of 0.5 N NaOH.
After precipitating the acid as described above (#107), convert into the
neutral lead salt and then into the acid barium salt.

Yield: 1.827 gm.

Analysis of Product:

N: 3.0, 1.4% *

S: 3.1, 0.6 *

Acetyl: 8.8, l.4 *

Amino sugar: 3.1, 0.6 *
Ash: 9,7

Moisture: 2.3

Uronic acid: 27.6, 1.0 *
Equivalent weight: 672

Specific rotation: at 24°C, I 22,2°

109,
Author: K. Meyer
Reference: Soience, (1938), 88, 129

Name of Product: Mucopolysaccharide of synovial fluid

Method of Preparation: The product is prepared from cattle or human

synovial fluid by a modification of the method for isolation of chon-
droitin sulfuric acid from cartilage (Meyer, K., J. Biol. Chem (1937)

119, 507).

*Equivalent per equivalent weight
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Yield: per liter of cattle synovial fluid = 200-250 mgm. per liter of

human synovial fluld = 225 mga.
Analysis of Product:

S: =

P: =

N 1 equivalent per equivalent weight
Hoexosamine: 1 equivalent per equivalent weight
Acetyl: : : : : :
Hexuronic acid: " " " " "
Carbohydrate: " " " " "

Viscosity: high

110.
Author: K. Meyer
Reference: J. Biol. Chem. (1939), 128, 319

Name of Product: Polysaccharide acid

Method of Preparation: Obtain the synovial fluid from the asragalotibial

joints of l-year old freshly killed steers. Dilute with 2.5 volumes of
distilled water., To bring out the protein salt of the polysaccharide
add 10% acetic acid to a concentration of 2%. Keep 0-5° C. for 18 hours,
Remove the precipitate with a glass rod and by filtratioﬁ. Wash several
times with distilled water. Bring into solution with 10% CaClz. Keep
at pH9 by adding NaOH. Stir mechanically until the material goes into
solution. Remove the bulk of the protein by repeatedly shaking with
chloroform amyl mixture. Treat with 1.5 volumes of alcohol until the
solution is almost clear., 1Wash the centrifuged precipitato with alcohol.
Dissolve in 5% sodium acetate solution.(If the solution is turbid treat

with chloroform amyl mixture). Remove scme more protein by adding zinc
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acotate solution. Neutraiize with N NaOH. (Work in theo dilute
solution ... 0.5% carbohydrate lest the polysaccharide precipitate as
e zinc salt). Treat the coentrifuged solution with alcohol acidified
with acetic acid. Redissolve the precipitate in a minum emount of
water. Reprecipitate with 5 volumes of glacial acetic acid, or alcohol
acidified with glacial acetic acid. Remove the gel by centrifuging.
Wash in a filter with alcohol, scetone and ether., Dry over P20s.

The free acid is white, fibrous and of fair tensils strength.

Analysis of Product: (corrected for ash and moisture).

6l.  67. 9. 7741 7811 82
N: 3.69% 3.68 3.59 3.36 3.21 3.00
N: » 1.19  1.34 1,22 0.96  1l.12 1.11
S: (volatile) -
S: (in ash) o47
Acetyl: 9.4 10,6 10.3  10.5  10.5 10.3
Acetyl: * 1,00 1.26 1.15 0.98 1.20 1.24

Amino sugar:30.2 41,8 43,7 34.5 36.0 40.3

Amino sugar:*0,97 1.12 1,16 0.77 0.99 1.17
Ash: 3.97 2,08 4,98 4,14 2,50 2.90
Moisture: 3.28 3.73 5.60 3.50 5.61 5.10

Uronic acid:41.3 44.1 50,7 38.4 35.9 44,5

Uronic acid:*0,97 l.16 1l.25 0.79 0.91 1.19
454
Acidequivalent 511 477 401 492 520

weight -68.8°

Specific rotation: =71.9 -73.8 =78,2 =69.9 -77.4

#*Equivalent per oquivalent weight
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: m
Author: K. Neyer
Reference: J, Biocl. Chem. (1939), 128, 319

Name of Product: Polysaccharide from synoviel fluid

Method of Preparstion: Dehydrate the synovial fluid protein salt

with alcohol. Reprecipitatelthe sample as dsscribed above (110). Add
an equal volume of saturated ammonium sulfate solution, Make the solu-
tion alkali in reaction by the addition of strong amﬂonia weter

(pH9), the protein will pfecipitate out at this point. Remove the
sulfate from the clear solution by adding barium acetate acidifying
with a small amount of acétic acid. Treat the supernatent with 2
volumes of alcohole Extract the precipitate with 5% sodium acetate
solution. Clear the solution by means of precipitation with ZnOH.
Treat with alcohol. Reprecipitate from the alcohol.

Analysis of the Product:

P: in traces
Amino sugar: 33.1%

The rest of the analysis is listed above (#110).

112

Author: C, V., Seastone

Reference: J. Exp. Med. (1939), 70, 361

Name of Product: Hyaluronic acid

Method of Preparation: (Seastone used the method of Savag, Biochem.

Z. (1834), 273, 419 as applied by Meyer, K. and Palmer, J.W.,
Je Exp . Med, (1939), 70, 347).

-
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Obtain 750 cc. vitreous humor from 60 beef eyes. Squoeze
through fine gauze 3 times. Precipitate with 10 volumes of cold
acetone. Wash with ascotone and ether. Redissolve by grinding in
100 cc. of water gradually added. Reprecipitate with 5 volumes of
alcohol and a few drops of 20% NaCl. Centrifuge. Redissolve by
grinding with 150 cc. of waeter gradually added. Dissolve 1.5 gme NaCl
in this solution. Sheke violently for 1/2 hour in the presence of
300 cc. chloroform and 3 cc. butyl alechol. Centrifuge to separate
the gel from the preqipitate. Decant and save the supernatants
Extract the gel with 50 cc. water. Precipitate the extract with 5
volumes of alcohol plus a few drops of 20% saline solution. Dissolve
in the supernatant of the first chloroform treatmsnt. Shake with
fresh portions of chloroform and butyl alcohol. Continue until only
a fair pracipitate appears at the chloroform-vater interface after
centrifuging. Bring to neutrality with HCl. Precipitate twice with
alcohol and 20% NeCl.

Yield: 255 mgm.

Analysis of Product:

N: (MicroKjeldahl) 1.9%

P:

Amino sugars 27

Reducing sugar: (Hagedorn-Jenson), 45; (oroinol), 13

Reletive viscosity of a 0.1% solution measured in an Ostwald
viscosimeter in an 0.85% salt solution at 21° C. compared with a

salt solution containing no carbohydrate was 1l.9%.
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Author: C, V., Seastone
Reference: Je. Expe Med. (1939), 70, 361

Method of Preparation: Inoculate 8«10 colonies of group C strepto-

coccus inte 107 horse serum and 1% dextrose digest, directly from a
flood platee. Aftor 12 hours of growth add to 1% digest dextrose
broth, with occasional stirringe. Add 50 cc. concentrated phenol.
Stand for 15 minutes. Remove the organisms in a Sarple‘'s centrifuge.
Concentrate to 0.1 volume in vacuo at a temperature not over 35° C,
Add octyl alcohol to prevent foaming. Add 100 grams sodium aoetﬁte
plus 25 cc. of glacial acetic acid. Precipitate with 2 volumes of
alcohol. Dissolve the precipitate in 200 cc. 5% sodium acetate plus
2.5% glaciel acetic acid. Add 50 oc. chloroform and 5§ cc. of butyl
alcohol. Shake for 1/2 hour. Centrifuge. Discard the chloroform
layer. Add fresh chloroform and butyl alcohol to the supernatant.
Sheke and centrifuge until only a faint ring of the precipitate
appears at the chloroform water interfgce. Reprécipitate the poly=-
saccharide from the 5% sodium acetate and 2.5% glacial acetic solution
with 1425 volumes of alcohol until it is phosphorus=free. Redissolve
in 50 co. water. Precipitate with 5 volumes of alcohol, plus a few
drops of 1/2 saturated sodium acetate. Wash the precipitate with

alcohol. Dry in vacuo over CaCl,.

Yield: per liter, 0.106, 0.23, 0.069, 0,107, 0.040, 0,081, 0,056,
0.038.
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Analysis of Product:

Nt 4.1%, 3.9, 3.8, 3.5, 2.7, 4.2, 3.8, 3.2

Amino sugar: =, -, =, 33, 29, 33, -, =.

Yucoid cerbohydrate: 45, 20, 30, 20, 0.8, 5, 1.6

Relative viscosity of 0.1% solution measured in Ostwald visco=-
simeter in 0,85% NaCl solution at 21° c. compared with the same
salt solution without carbohydrate: i.43, 1.03, 1.17, 1.33,

1.20, 1.00, 1.03, 1.01

114
Author: C, V, Seastone
Reference: J. Exp. Med. (1939), 70, 361

Name of Product: Mucoid polysaccharide

Method of Preparation: Suspend 8~10 colonies of group C strepto=-

cooccus in 200 cc. horse serum plus 1% dextrose digest broth. Incubate
for 12 hours. Trensfer to 2 liters of 1% dextrose broth. Incubate
for 3 hours with occasional stirring. Cool in ice bath. Centrifuge
the orgenisms. Wash twice with 100 cc. 0.85% salt solution. Resus-
pend in 100 cc. salt solution. Add 1 cc. chloroform and stir.
Incubate for 24 hours at 37° C, Remove organisms in the centrifuge,
Incubate for 6 hours with 50 cc. fresh salt solution. Remove. To the
combined supernétants (150 cc.) add 1.5 gme. NaCl, 2.5 cc. chloroform,
and 2.5 cc. butyl alcohol. Shake mechanically for 1/2 hour. Centri-
fuge. Withdraw the supornatent. Add fresh portions of chloroform

and butyl alcohol to the supornatant until the chloroform water inter=-
face is almost clear. Shake, Precipitate the carbohydrete with 1,25

volumes of cold alcohol. Dissolve the precipitate in 10 cc. water,
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Weigh .the precipitate and centrifuge with 3 volumes of alcohol plus
20% salt solution. Stand for 1 hour in ice bath. Throw down the
precipitate in the centrifuge. Discard the supernatant. Dry in
vacuo and weigh.

Yield: per liter, 0,0067%, -, 0.007, 0.012, 0.005, -, 0,0018, =

Analysis of Product:

N: 2.2%, =, 2.6, 2.k, 2.6, %, =, =

Amino sugar: 23, -, 23, 31, 28, -, 17, =

Mucoid carbohydrate: 42, -, 52, 58, 40, -, 30, =

Reducing substance (Orcinel) 10, -, 21, 11, 14, -, 16, =
Relative viscosity of 0.1% solution measured in an Ostwald vis-
cosimeter in 0.85% NaCl solution at 21° C,, compared with the
same salt sclution without carbohydrate; 2,70, =, 2460, 3.80,
2.10, =, 1.7, =

115
Author: K. Meyer
Reference: Am. J. Ophthal. (1940), 23, No. 12, 1320

Name of Product: Corna polysaccharide

Method of Preparation: Add 10 volumes of 10% Ca (OH)Z or N NaOH to

disintigrated cornae. Acidify with glacial acetic acid. Fractionate
with alcohol, .

This method is similer to the method for the preparation of
chondroitin sulfuric acid with cartilage. (Meyer, K., J. Biol. Chem.
(1937), 119, 507).

Yield: 400 mgm.
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Author: K. Meyer
Reference: Am. J. Ophthal, (1940) 23, No. 12, 1320

Namo of Products: Cornea polysaccharide hyaluronic acid.

Method of Preparation: Mince the cornae from 200 dissected eyes.

Add 50% urea and sbout 25 cc. NaOH to give a pH of 9, Stend in room
temperature for 3 weeks. Centrifuge. Extract twice more with 50%
urea. Dilute to 4 volumss with water. Acidify with 20% acetic acide.
Wash the precipitate with water. Dissolve the protein salt in 10%
CaCly in a slightly alkaline solution. Shake with chloroform alcohol
mixture (as in J. Biol. Chem. (1936), 240, 55). Precipitate the
clear fluid with 2 volumes of alcohol. Dissolve in water and
neutralize. Treat in 1 N. acetic acid and Lloyd's reagent. Precipi-
tate with 2 volumes of aloohole. Extract the precipitate with small
amounts of water. FPrecipitate the aqueous solution with glacial
acetic acid. Wash with alcohol, acetone and e ther. Dry in vacuo to

a white fibrous material,
Yield: 150 mgm,.

Anelysis of Product:

N: 2.63%, 1.05%

St 5.03, 0.88*

Ash: 10.8

Amino sugar: 31.8, 0.99%

Acetyl: 0.60, 1,25*

# Equiv. per equiv. weight.
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Uronic acid: 3540, 1401

Vater: 5,06

Acid equivalent weight: 560

Specific rotation of neutralized substance: =51°; on the basis

of an ash and sulfur-free compound, -65°, =75°

117
Author: K. Meyer
Reference: J. Biol. Chem. (1940), 133, 83

Name of Product: Hyaluronic acid

Method of Preparation: The product is cbtained from the viscous

pleural fluid of a malignent tumor of the pleura or peritonecum. The
method is similar to the one for the isolation hyaluronic acid from
synovial fluid (J. Biol. Chem. (1939), 128, 319, Meyer, Hobby, and
Dawson) except that the final precipitation of the material in 10%
glacial acetic acid by 2 volumes of alcohol was substituted for the

glacial acetic acid precipitation previously used. This results in

a mixture of the free acid and its calcium salt.
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Analysis of the Product:

I II III
N: 3.21% 3.00 : 2.95
N:* 1.43 1.23 1.33
Acetyl: 9.85 10.5 10.3
Ash: 4,04 2,16 l.44
Amino sugar: 3246 40.8 40.0
Amino Sugar:* 1.38 1.31 1.43
Moisture: 1.27 6467 3415
Uronic acid: 44,9 46,46 46,7
Uronic acids’ l.44 1.38 1.54
Specific rotation ~76.8° =70.,3° =67,7°
(neutralized solu- . . .
tion)
Mobilitys the fastest component was =10 X 10~°

11

Author: Van B. Robertson
Reference: J. Biol, Chem. (1940), 133, 261

Name of Product: Synovial fluid mucin

Method of Preparation: Separate the synovial fluid from the astra-

galotibial joints of steers within 30 minutes after death. Centri-
fuge. Dilute with 5 volumes of water. Precipitate the mucin with
acetic acid. Wash the ropy precipitate with water. Dissolve in 1/2
the original volume of 05 N secondary NaPOye After 2 hours add 2

volumes of alcohol to the solution. Mix well. Complete the precip-

* Equivalent per equivalent weight
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jtation by the addition of 1 volume of ether. Wash the precipitate.
Redissolve in the same volume of M secondary NaPO,. Pour into 4
volumes of 1% ecetic acid., Wash the mucin precipitate. Dissolve in
0.5% NaoCOz. Dialyse for 2 weeks against cold water. Centrifuge
sharply. Concentrate by evaporating from the surface of a cellophane
sac in an ice box. Add 0.2M solution phosphate buffer. At pH 7.4
concentrate to 0.05M. Obtain a white ropy precipitate by the addition
of dilute acetic acid.

Analysis of Product:

N: 12.5%

Amino sugar: 7% (upon hydrolysis).

19

Author: Van B, Robertson
Reference: J. Biol, Chem. (1940), 133, 261

Name of Product: Polysaccharide of synovial fluid mucin

Yethod of Preparation: Obtain 10 liters of synovial fluid from the

astragalotibial joints of steers. Precipitate with acetic acid.
Dissolve the precipitate in 2 liters of 0.5% NayCOz. Reprecipitate
with 2 volumes of alcohol acidified with acetic acid. Redissolve in
0.5% NapCOz. Adjust the pH to 9. Add 5 grams of trypsin. Allow the
mucin to digest for 36 hours at 38°, Precipitate the remaining
protein by the addition of 10% trichloracetic acid. Centrifuge.
Neutralize with KOH. Precipitate with 3 volumes of alcohol. Teake up
the flocculant precipitate in 600 cc. water. Reprecipitate with 5

volumes of alcohol. Wash well with alcohol. Acidify with acetic ecid

and ether. Dry in vacuo.
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Yield: 3 gms. from 10 liters of fluid.

Analysis of the Product:

S: -
P: +traces .

Viscosity: 2% solution 40 times more viscous than water at 25°

120,
Author: George K. Hirst
Reference: J. Exp. Med. (1941), 73, 493

Name of Product: Capsular polysaccharide

Method of Preparation: Concentrate & beef heart infusion of 60 liters,

in vacuo to 4 liters. 0Or, dissolve 600 gms. vagex paste in 4 liters
of water. Dissolve 1500 gm. Pfansteihl peptone in the solution.
Add 2.5 volumes of ethyl alcohol. Settls over nizht. Discard the
proecipitate. ~Remove the alcohol fromthe supernatant by distilling
in vacuo. Dissolve in 60 liters of water. Adjust the pH to 7.4.
Add NaCl. Bring the pH to 7.8. Filter through Chamberland filters,
No. L5. Add 100 cc. young actively growing culture to each 4 liter
flask. Incubate over night. Add 2% formalin or acetic acid to kill
the organisms. Remove them by Sharple's supercentrifuge, Concen-
trate the supernatant in vacuo to 1/10 the volume. Add 1 volume of
glacial acetic acid, 500 gms. sodium acetate, and 1,25 volumes of
ethyl alcohols Redissolve the mr ecipitate in 2 liters of water plus
acetic acid and sodium acetate, Precipitate with 1,25 volumes of
ethyl alcchol. Dissolve in water. Shake with chloroform plus butyl

elcohol until there is no precipitate at the interface. Precipitate
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3 times with alcohol. Dissolve in water. Dialyse for 2 days against
distilloed water. Add 1 drop HCl to the carbohydrate solution. Pre~
cipitate in 10 volumes of cold acetone. Dry in vacuo.

Yiold: 120 mgm. or less per liter

Analysis of Product:

(o4
(1]

42.8%, 42.7, 4447

=
"

3430, 3455, 3.16
Ash: 1.80, 1078, 1,58
Acetyl: 11,50, 12,12, 10,70

Specific rotation: w»60.2°, =60,7°, =G66.1

121.
Authors K. Meyer
Referonce: J. Biol. Chem. (1941), 13, 491

Name of Product: A sulfuric acid containing fraction, hyaluronic acid

Method of Preparation: Incubate 2,8 kilos of frosh pig skin with 6

liters of NaOH at 37° for 28 hours. Neutralize the near liquid material
with acetic acid, Fiiter with Hyflo-Supercel. Pour into 2volumes of
alcohol. Stand overnizht, Centrifuge. Wash the precipitato with ale
cohol, Take up in 500 cc. 10% CaCl,, alkaline to phenolphthalein,

Shake with 100 cc. 4 parts chloroform and 1 part amyl slcohol. Cen-
trifuges Filter the supernatant through Filter-Cel. Pour into 2 vole
umes of alcohols Wash with alcbhol, Dissolve in Ho0s Add 8 gms,
Lloyd's reagent plus glacial acetic acid in order to obtain e 6%

acetic acid solution. Centrifuge. Wash once with normal acetic acid.
Pour the combined solutions into 2 volumss of alcohol. Wash the pre-

cipitate with slcohol and ether. Dry. Dissolve the residue in 100 cc.
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1% sodium acetate solution. Add normal acetic acid until a pH of 6

is reached. Incubate for 6 hours with 2 cc. filtered saliva plus
toluene to digest the glycogen. Pour the solution into 2 volumes of
aloohol. Extract with 100 cc. barium acetate. Add alcchol up to a
20% concentration. Stand in the cold overnight. Remove the precipitate
bty centrifuzing. Wash. Extract with water. Pour into 5 volumes of
glacial acetic acid. Remove the precipitate. Wash with alcohol,
acetone and ether. Dry.

To purify the sulfuric containing fraction: After precipitation as

the barium salt (above) dry the precipitate in vacuo. Dissolve in water.
Adjust the pH to 5.8. Add 5 mg. pneumococcus hyaluronidase. Incubate
in the presence of toluene for 2 days. Remove the enzyme by adsorption
on Lloyd's reagent in normal acetic acid. Precipl tate the poly-
saccharide first from el cohol end then from 5 volumes of glacial acetic
acid. Retest for hyaluronic acid by pneumococcus enzyme and by the
routine procedure with 1% solution (Meyer, K., Hobby, Chaffee, E., and
Dawson, J. Exp. Med. 71,137 (1940).

Yield: 1.85 gm. (of the unpurified polysaccharide)
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Analysis of Product: I 11 III Iv
Ne 2424 2.15 2.19 2,05
n* 0.88 1,03 0.82 0.91
S: 5.98 5.12 5422 54,07
ss* 1.02 1.10 0.83 0.98
Acetyl: 8.33 6410 8495 7.84
Acetyl:* 1.06 0.95 1,09 1.13
Amino sugar: 27.0 27.3 3045 25.1
Amino sugar:® 0.85 1.02 0.89 0.87
Equivalent weight: 547 668 525 620

Specific rotation: =53.9°, =28.4, =57.9, =55.1

122
Author: K. Mayer
Reference: J. Biol, Choma (1941), 138, 491

Name of Products Hyaluronic acid fraction

Method of Preparation: Precipitate hyalurcnic acid by bringing the

20% alcohol s lution (#121) to a 77% concentration. Remove the stringy
precipitate by centrifuging. Wash with alcohol. Extract with small
portions of vwater. Pour the combined solutions into 6§ volumss of
glacial acetic acid. Remove the precipitate immediately. Wash dry.
Yield: 1.08 gm.

* Equivalont per equivalent weight
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Analysis of Product:

I 11
Nz 2.99 2,78
We* 1.02 0.9
Acetyl: 13.1 9.50
Acetyl:* 1,45 - 1.01
Amino sugar: 3947 3742
Amino sugars* 1,05 0.95
Equivalent weight 475 4565
Specific rotation: =74,9° ~ =67¢5 (in neutralized solutions)
123

Author: D, McClean, and C. W, Hale
Reference: The Biochem. J. (1941), 37, 159

Neame of Product: H&alufonic acid

Method of Preparation: Extract umbilical cords with water. Precip-
1tate with 3 volumes of ice cold ethanol and a trace of sodium
acetate.

Analysis of Product:

N: 7%

124
Authores A, Pirie
Reference: Brit. J. Ep e Path. (1942), 23, 277

Name of Product: Hyaluronic acid

Method of Preparation: Extract dried tumor tissue with 10% NaCl on

e shaker for a few hours in order tor emove the protein, Remove the

* Equivalent per equivalent weight
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polysaccharide by tryptic digestion and alcoholic precipitation.
Extract the residue over night with 10% NaOH. Filter. Neutralize.

Add B.D.H. to the trypsin to 0.1% of the supernatant fluide Incu~
bate at 37° ¢, in toluens, Centrifuge. Precipitate the polysaccharide
with 2 voluﬁos of alcohol. Redissolve the precipitate in watere.
Centrifuge at 3000 rep.me for 1 hour. Remove the supernatent fluid.
Repeat the alcohol precipitation and centrifuge until the solution is
clear and colorless., Dialyze, freeze and dry.

Analysis of Product:

N: 3.7%, 3.0, 4.5

S; nil, nil, 0.1

Acetyl: 12,5, 14.8, 13.7
Amino sugar: 39.4, 31.3, 38.8

Reducing sugar: 60,0, 45.2, 67.3

125

Author: J. H., Humphrey

Reference: Bichem. J. (1943), 37, 460

Name of Product: Hyaluronic acid (K salt)

Method of Preparation: Repeatedly extract human umbilical cord with

90% phenol solution. Repeatedly precipitate from water solution at
pH 9-10 by 1 1/4 volume of ethanol saturated with K acetate. Treat
with P nitrobenzyl bromide and centrifuge in order to remove the
insoluble haematin derivatives.

Analysis of Product:

Glucosamine: 75%

Haematin derivatives: slight
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126
Author: D, McClean and C, W, Hale
Reference: The Biochem. J. (1943), 37, 169

Name of Product: Hyaluronic acid

Method of Preparation: Extraoct umbilical cords with water. Precip-

itate with 1425 volumes of ice cold ethanol saturated with potassium
acetgte. B,ing pH to 9~10 with KOH. Break up the stringy clot
precipitate. Remove the residual potassium acetate and KOH by washing
with alcohol., Wash with e there Dry over Py05 in vacuo.

Analysis of Product:

N: 4.8%
P: 2
Amino sugar: 12

no clot on addition of acetic acid in the agueous solution,
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