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GENERAL INTRODUCTION

The purpose of the present work was to further
define what is meant by collagen and elastin by character~
izing the properties and determining the amino acid com-
position of collagens and elastins from a wide variety of
sources. The ultimate objectives of determining properties
and composition of these proteins are: 1) The utilization
of characteristics common to collagens and elastins so that
possibly identification and accurafe determination can be |
made of each protein in admixtures of each other and/or
with other substances; 2) The determination of eny differ-
ences in physiecal, chemical, or biochemical properties in
normal or pathological, young or old organisms; 3) The
clarification of the biochemistry involved in the formation,
maintenance, dissolution and function of connective tissues
as well as assocliated phenomena.

Collagen and elastin are insoluble proteins to which
ordinary criteria of purity are not applicable. Histological
and questionable chemical tests previously have been used for
identification and estimetion of these proteins. Often
collagens studied have been prepared by procedures which

altered their structure and susceptibility to enzyme action.
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Properties of collagens and elastins necessarily
"are intimately associated with structure. Limited obser~
vations of differences of properiles of so-called collagehs
from different sources have been made. However, little
study has been given these naturally occurring modifications
of structure. v
Obviously the amino acid composition‘of the pro-
teins should be investigated as a possible clue to properties
and structure. The properties chosen for investigation were:
. 1) Transition temperatures of collagens from
different sburces. The transition temperature measured by
visual procedures ig termed the "ghrinkage temperature."
Collagens heated in water for several minutes at u5-70° cC.
undergo a visible contraction and distortion of strﬁcture
(1, 2). The x-ray diffraction patiern is made irregular
and disoriented (3). The susceptibility to tryptic action
is inoreased (4). These changes are believéd due to rupture
of hydrogen bond and polar bond cross-linkages between the
polypeptide chains of native collagen; the chalns then
collapse upon themselves and assume a relatively disorganized
configuration. Thus the transition temperature is a measure
of the instability of the collagen structure.
More direct evidence that hydrogen bonds and polar

bonds are broken in heat denaturation is provided by studles
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with reagents comblining with released groups. Tannins can
combine with released basic amino acid groups and with
accessible peptide linkages. Denaturation of hide collagen
resulted in increased fixation of vegetable tannin. . When
the basic amino acld groups were inactivated with a syntan
(a polymeric naphthalene sulfonic acid), the denatured
collagen still showed increased tannin fixatlion, probably
due to combination with peptide linkages no longer forming
hydrogeh bonds, Chromium fixation is increased by previous
swelling, lyotropic salt treatment, and heat denaturation.
:Gustévson (5) reports that the shrinkage temperature'
of calf skin was lowered 29-31° C. by treatment in 0.1 N HCL.
The total decrease could not be ascribed to rupture of polar
bonds in the collagen structure because the lowering of shrink-
age temperature is less in the presence of 5% NaCl which
inhibits shrinkage. The observed lowering of shrinkage ten-
perature by 0.1 N HCl was concluded to be due to splitting of
polar bonds as well as the splitting of hydrogen bonds by
swelling. 0.1 N p-naphthalene sulfonic acid lowered the
shrinkage temperature.llo C. This acid releases carboxyl
groups of collagen without causing swelling. The decrease in
shrinkage temperature may be takeh as a measure of the effect .

- of complete rupture of internal salt linkage on hydrothermal

stability.
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Theis (6) determined the shrinkage temperature
in solutions of acid and alkali. He found sharp decreases
of shrinkage temperature at below pH 3 and above pH 10.
These pH's are close to those at which swelling is maximal,
The lowering of shrinkagé temperature under this condition
is attributed to the breaking of hydrogen bonds.

It is thus generally accepted that heat denatura-
tion of collagen is associated with disruption of polar and
hydrogen bonds.

2) Conversion of collagen from various sources %o
water soluble derivatives by heating in water,'554100° Ce
In conversion of collagen to gelatin in hot water, heat
denaturation occurs followed within a few minutes or hours
by the formation of gelatin. Continued boiling of gelatin
solutions for a relatively long'period results in a gradual
degradation to smaller particles as measured in ultracen-
trifugael and viscoslity studies. These changes are explained
by Scatchard and Oncley (7) as due to an initial disruption
~of hydrogen and polar bonds that occur in heat denafuration
and a hydrolysis of widely-spaced easily hydrolyzable bonds
in the peptide chain. In this way are formed the high
molecular weight polypeptide chains that constitute gelatin.
Degradation to smaller particles slowly follows through
hydrolysis of less easily hydrolyzable peptide bonds.
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3) Swelling of collagens from various sources.
According to Lloyd (8) this swelling in acid and alkali
solution has been explained satisfactorily by a simple
theory, at least, as far as volume and weight changes are
concerned. Proteine are ampholytes. At pH values removed
from the isoelectric points colloidal ions are formed. In
gelatins and protein fibers a membrane equivalent is estab-
lighed, and swelling occurs until internal excess osmotic
pressure drawing water into the system 1s balanced by
cohesion forces. 8Salts repress acid swelling due to0 sup-
pression of internal osmotic pressure. Salts of the lyo-
tropic serlies promote swelling in neutral solution by weak-
ening the cohesive forces. As previously discussed swelling
apparently is associated with rupture of hydrogen bonds, for
at maximal swelling the shrinkage temperature undergoes &
sharp decrease.

L) Effect of proteases on native and altered
(denatured) collagens and elastins. Certain proteases are
said to digest collagen and elastin., Denaturation results in
greater susceptibility of collagen and elastin to trypsin.

It has also been reported that trypsin pretreatment increases
the rate of conversion of collagen to water'soluble deriva-
tives by the splitting of appropriate linkages.

5) Amino acid composition of collagens and elastins

from different sources. An amino acid peculiar to collagen
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or elastin may be utilized in conjunction with other
‘characteristics for determination of these proteins.
Physical properties of different collagens may be related
to chemical differences. A knowledge of composition may be
applied for detection of contamlnants. For example, trypto-
phan apparently is not a constituent of pure collagen or
elastin. In addition, histidine and methionine apparently
are contaminants of elastin.,

8tudies of pIOpertiés and composition of collagen
and elastin are justified by several important considera-
tions. Collagen is the princlipal extracellular fibrous
protein occurring in connective and sﬁpporting tissues of
higher animals. Of the total protein in the body 20-30%
is collagen. It permeates all portions of the body: bones,
cartilage, ligaments, skin, tendons, loose connective tissue,
fascia, aponeuroses, blood vessels, cardiac valves, chordae
tendinae, cornea, sclera, and nerves (9). Elastin is the
second principal fibrous protein of connective tissue.
Elgstin occurs in skin, bone, blood vessels, loose connective
tisgues, and various ligaments and cartilages (9). The proc-
esses of wound healing and scarbformation intimately involve
collagen formation (10). A number of diseases are asgsociated
with abnormalities of collagen - - diffuse scleroderma,
disseminated lupus erythematosis, rheumatic fever, rheumatolid
arthritis, periarteritic nodosa, thromboangiitis obliterans,

serum sickness (45, 47). Collagen may be of secondary con-
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~cern in a number of diseases, such as liver cirrhosis,
coronary thrombosis, and arteriosclerosis. Industrially,
collagen derivatives, such as gelatin, glue, and leather,

are important. Finally, collagen and elastin may serve as

food,

Collagen is not confined to memmals; it occurs
in corresponding tissues in birds, reptiles, amphibians,
- fish, squid, and perhaps in many uninvestigated organisms

and tissues.

PREPARATION OF COLLAGEN
Collagen is a major constituent of skin and ten-
dons, It is from these tissues that collagen usually has
been prepared. In addition, bones, cornea, fascia, and fish
bladder have been sources of collagen. Generally, procedures

involving several or all of the following steps are used in

preparation:

1) Mechanical removal of adherent tissue.
2) Treatment with NaCl solution to remove globulins
. and other extractable protelin.
3) Treatment with alkaline solutions such as NaOH,
ca(OH)o, or NaoHPOy solutions to remove mucoids.
4) Treatment with trypsin to destroy elastin and
other residual contaminating proteln.

5) Treatment with organic solvents to remove lipids

and for dehydration.
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Knaggs (11) prepared collagen from horn pith,
achilles tendon, and ossein of the ox by treatment for
sixty days with N/5 NaOH.

Sadikov (12) prepared collagen from cattle hide
by separating adherent tissue, washing, finely pulverizing,
agiteting with 0.35% NaOH at room temperature for 18 hours,
washing, treating with acetic acid, washing, and air-drying.

Kuntzel (13) prepared cattle hide collagen by simply
splitting off grain and flesh layers and alr-drying. The
product was said to be 98% collagen.

Bowes and Kenten (14) also prepared cattle hide
collagen by a simple procedure., The fresh hide‘was washed
in 10% NaCl and in water, dehydrated with acetone, removed
‘grain and flesh layers, cut the corium into émall pleces, .
degreased in light petroleum, thoroughly washed in distilléd
water and dehydrated in acetone.

Highberger (15) treated cattle corium with Cacog
and trypsin at 35° C. for 72 hours, washed, dehydrated with
alcohol, alr-dried, ground in é Wiley mill, treated succes-
sively with acetone and alcohol at 50° C., air-dried, agitated
3 hours with half-saturated Ca(OH)a, washed, treated with
0.007-C.0C08& N acetic acid at 10-12° C., washed again, dehy-
drated in cold 90% ethyl alcohol, washed in ethyl ether, and

finally air-dried the fibers.
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Bergman and Stein (72) prepared collagen from
cattle achilles tendon by removing adherent tissue, freezing
with dry ice and passing through a grain grinder, treating
for 2 weeks at 0° C. with 10% saline, and then with M/15
Ne HPO) at 0° ¢. for three days, and with water at 0° C.
until extract gave negative chloride test; Finally the
product was treated with ether for two weeks,

Pirie (16) prepared collagen from cattle cornea
by the procedure of Bergman and Stein.

Beek (17) prepared collagen from cattle hide,
achilles tendon, and bone by the procedure of Highberger.
The.bone had previously been decalcified by treatment with
N/lO HCl for four months.

Other investigators have used as sources of
collagen goatskin (18), rat tail tendon (19), kangaroo tail
tendon (20), codfish and eel skin (21), and fish bladder (22).

In the present study mild procedures and reagents
were used to preclude denaturation. Trypsin was not used
because of doubt regarding its effect on native collagen.

Sources of the collegen were cattle achilles ten-
don, pig achilles tendon, sheep achilles tendon, rhesus
monkey achilles tendon, chicken tarso-metatarsal tendon,
cattle bone, cattle tail tendon, rat tail tendon, subcuta-

neous membrane of the Cumberland turtle (terrapin) Pseudemys

elegans, and fish (halibut) skin. These tissues initially
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gppeared to be chiefly collagen fibers*.

Preparations to bte used in the study of enzyme
actlon on collagen and in the study of some of the physical
properties of collagen were produced by a simple procedure.
By means of sciésore, scalpel, and running water, adhering
membranes, fat, flesh, blood, and mucus were removed, The
tissues were then cut into small pieces and shredded in a
Waring blendor in an ice and water medium. The fibers were
removed, washed in distilled water, and successlvely extract-
ed for 8-20 hours in 20 times their weight of aéetone; |
alcohol, and ether at 4° ¢. The samples were then air-dried.

For the étudy of the amino acid composition and
for certain other studies collagen was prepared by a pro-
longed extraction of impurities. The shredded tissues from
the Waring blendor were washed in distilled water and sus-
pended in 50 times their weight of 10% NaCl solutiom at 4° C.

This solution was renewed several times over a period of two

*fe are grateful for materials which were generously
gupplied to us as follows:

Kangaroo tail tendon by Johnson and Johngon Co., New
Brunswick, N. J., and by Dr. T. Salo of M. I. T.

Steer hide collagen by Dr. Peter Buechler and Dr.
Robert Lollar of Tanners' Research Councll Laboratory,
Cincinnati. Two samples were obtained: one prepared accord-
ing to a published procedure (15) by using Ca(OH)o and
trypsin, and the second by brief treatments at 0¥ C. with
10% Nacl and then with acetone.

Sodium "Lorol" sulfate, a wetting agent, supplied by
£. I. DuPont de Nemours and Co., Wilmington, Delaware.
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weeks. Then the fibers were washed and suspended in 50
times their weight of M/15 NapHPOY solution at 4° ¢. for
three days. The solution was renewed several times over
this period. The NaoHPOy was removed by washing and suspen-
sion in distilled water for 2l hours at 4° C. The final
extraction solutions for typical preparations such as cattle,
pig, sheep achilles tendon, and fish skin, yielded negative
Molisch and biuret tests.‘ Finally the fibers were succes-—
sively treated for 8-20 houis in 20 times thelr weight of
acetone,alcohol, and ether at 4° ¢. The samples were then
air-dried. 8tudy of enzyme action, heat denaturgtion, and
conversion to gelatin in hot water of cattle and pig tendon
collagen revealed these properties to be practically the
same for thé'given collagen regardless of the mode of prep-
aration,.

The cattle bone collagen preparation required de-
calcification of the bone. Fresh shank bones were slowly
bored under ice water with a power drill. The shavings
obtained were decalcified in N/10 HCl at 4° ¢, over a period
of four months as suggested by Beek (17). Frequent changes
of the solution were made. Bubsequently the prolonged
extraction procedure was carried out.

The purity of collagen attained may be difficult
to eppraise. The usual criteria of purlty of proteins are

not applicable. However, the preparations may be considered
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essentially pure for the following reasons:

1) The initial tissues are reported to be largely

collagen fibers (9).

2) The cold extraction treatments were calculated
to affect contaminanté only. After a time their extractive
action declined almost to zero. '

3) Conversion to gelatin by sutoclaving at 15
pounds for 2 hours left only traces of insoluble residue.

‘4) The samples were inappreciebly susceptible to
tryptic digestion. '

5) Tryptophen apparently is a contaminant of
collagen; 1t was present in less than 0.01% in all samples

tested.
6) Samples were in close agreement in amino acid

assays.

7) Direct determination of collagen according to
the method of Lowry et al (23) yielded values of 90-100%.
Tﬁia method is stated by the authors to give a 10% varia-
tion on duplicate samples. Varlous other uncertainties are
incurred in this determination. Collagen from different

gources or prepared in different ways may react differently

in the various steps of the assay.
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Posgibilities for PFuture Development

Development of a sensitive, specific, and reliable
assay for'collagen ié being considered in this 1aborat6ry.
Such a method would be of value as a criterion of purity of
collagen preparations. Studies of occurrence, distribution,
and modification of collagen would be facilitated by

practicable assay procedures.
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PREPARATION OF ELASTIN
Elastin previously has been prepared from cattle

ligamentum nuchae and cattle aorta. The problems of purifi-

cation are removal of adhering tissue, blood, lymph, cellular
material, mucolids, collagen, and fat. Mechanical processes
are effective to a degree. Appropriate solvents may extract
various protein and fat contaminants. Collagen can be
removed by conversion to gelatin. Elastin is highly resist-
ant to boiling in water, dilute acids, alkalis, and cold
concentrated acids and alkalils.

Harbaczewski (2U4) in 1842 obtained elastin from

ligamentum nuchae by successively grinding, washing in water,

boliling in dilute acetic acid, dilute alkali, dilute mineral
acid, and finally in water. Richards and Gies (25) improved
the preparative procedures by washing the ground ligament
2448 hours in cool running water, treating 48-72 hours in
a large excess of half-saturated Ca(OH)g, boiled in water
for 75 hours, boiled in 10% acetic acid for U4 hours, and
placed in 5% HCl for 1% hours at room temperature. The
residue was washed and treated with boiling 10% acetic acid,
cold HCl, water, hot alcohol, and ether.

In 1884 Schwarz (26) prepared elastin from cattle
aorta by digestion with pepsin and HCl and by subsequent
washing and boiling in water for 6 hours. Bergh (27) pre-

pared cattle aorta elastin simllarly but suspended the
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pepsin~-treated tissue in cold dilute HCL for 24 hours

before wasghing.

The preparation by Stein and Miller (28) in 1938

from cattle ligamentum nuchae apparently embodies improve-

ment over earlier procedures. Fresh cattle ligamentum

nuchae was freed from adhering tissue, ground in a meat
grinder, mixed with dry ice and passéd through a machine
feed grinder. The finely ground product was succesgsively
treated with cold 5% NaCl, cold water, and M/15 phosphate
buffer, pH 8.0. The residue was boiled in water 10-1&
days, treated with boiling alcohol, and washed with acetone,
Grinding and extraction procedﬁres at low temperatures are
for the purpose of extracting protein contaminants without
rendering them less soluble by denaturation. Boiling in
water was to remove collagen. Treatment with the organic
solvents was to remove fatty subatances.

| Braun (29) reported that proteins accompanying
elastin were soluble in boiling MO% urea whereasg elastin was

not. Stein and Miller (28) boiled a portion of the ground

ligementum nuchae in Y40% uree for U4-6 days and obtained a
product almost identical in elemental composition and

properties to the water-boiled preparation.

The preparations by Stein and Miller were con-

sidered quite pure because of the agreement in elemental
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composition of the differently prepared samples, applica-
tion of preparative extraction procedures until effects
were negligible, and the resistance to solubilization by
various reagents that conceivably would dissolve contami-
nating materials.

In the present study the following method was
used. By means of scissors, scalpel, and running water,
adhering membranes, fat, flesh, blood, and mucus were re-
moved. The tissues were cut into small pieces and shredded
in a Waring blendor in an ice and water medium. The
shredded tissues were washed in distilled watei and sus-
pended in 50 times their weight of 10% NaCl solution at 4°
C. This solution was renewed several times over a period
of two weeks. Then the fibers were washed and suspended in
50 times their weight of /15 Na, HPO) solution at 4° ¢. for
three days. The solution was renewed several times over
this period. The NaéHPOu was removed by washing and suspen-
gsion in distilled water for 24 hours at 4% ¢. fThe tissues
then were suspended in 50 times their weight of distilled
water and heated in a boiling water bath for 24 hours. The
1ligquid level was maintained constant; frequent changes of
solution were made. Also, after the first few hours of
boiling, the particles were shredded further in the Waring

blendor. A slurry of fine insoluble particles was thus
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obtained. In the final stages of this boiling the super-
natant liquid was perfectly clear and yielded negative
bluret and Molisch tests. The elastin was finally treated
twice with 50 times its weight of boiling acetone, and
similarly with boiling alcohol, and warm ether. The samples
were then air-dried.

In a second purification procedure cattle ligamen-
tun nuchae and cattle, pig, and sheep aorta were shredded
and treated with cold solutions as in the previous procedure.
The tissues were then suspended in 50 times their weight of
404 urea and heated in a boiling bath for 40 hours. The
liquid level was maintained constant. Frequent changes of
liquid were made. Early in the heating the particles were
reduced to a slurry with the Waring blendor. The final
changes of liquid were perfectly clear and yielded negative
phosphotungstic and Molisch tests. The elastin was washed
thoroughly and treated twice and with 50 times its weight
of boiling acetone, boiling alcohol, and warm ether.

Finally the samples were air-dried.
For the study of enzyme action on elastin a sample

of cattle ligamentum nuchae was shredded and treated with

cold solutions as were the other preparations; however,
the treatment with hot solutions was omitted.

In regard to the purity of the elastin samples

treated at 100° with water or urea it may be said:
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1) The samples consisted of light yellow fibrous
particles, apparently homogeneous under the microscope,

2) Tryptophan, methionine, histidine, which may
be congidered contaminants in elastin, were present in
traces only. Lysine was present in amounts of a uniformily
low ordexr for the different preparations.

3) The purification procedures were calculated to
remove contaminating materials without affecting the elastin.

4) Two different procedures yielded samples of

similar composition.

Suggestions for Future Work
It is possible that modification of boiling treat-
ments would yield purer products. Appropriate enzymes |
might be of value in the purification of elastin.
Improved preparation of purified elastin of
unaltered properties and composition pérhaps would contrib-

ute to further characterization of this protein.
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THE ASH CONTENT OF COLLAGEN AND ELASTIN PREPARATIONS

To obtain agh content of the preparations 500 mg.
of sample were weighed into taied platinum orucibles. The
samples were ignited and the platinum crucibles were heated
0o a dull red until.the carbonaceous material was entirely
consumed. The crucibles were cooled in a desiccator and
weighed. As shown in Table I, ash of all preparations
analyzed except cattle hide ranged from 0.04% to 0.26%.

The cattle hide contained 0.64% ash.. |
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TABLE I
ASH CONTENT OF COLLAGEN AND ELASTIN PREPARATIONS

Preparation Ash
e
Hide Powder* 0.18

Cattle Hide Collagen
(Prepd. with Ca(OH), and trypsin) 0.6l

Cattle Hide Collagen : _
(Simple treatment) , 0.46

Cattle Achllles Tendon Collagen
(Prolonged treatment) 0.08

Pig Achilles Tendon Collagen
(Simple treatment) 0.16

Pig Achilles Tendon Collagen
(Prolonged treatment) 0.0L

Cattle Bone Collagen
(Prolonged treatment) | 0.18

Rat Tail Tendon Collagen
(Simple treatment) 0.26

Cattle Elastin
§Li amentum Nuchae)
‘28 hours at 100° C. in water) 0.23

* American Standard Hide Powder, Keystone Tanning and Glue
Company, Ridgway, Pa.
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THE YCOLLAGENY" CONTENT OF COLLAGEN PREPARATIONS

Collagen was determined in a number of the samples
by the Lowry method (23). The range of values was &6-100%
as shown in Table II. This method is reported by Lowry to
give variations of 10% in duplicate determinations. The
proéedure involves extraction with'N/lo NaOH. It has not
been determined that such extraction only removes contaminat-
ing proteins and not appreciable amounfs of collagen. Lower
values would result from solubilization of bollagen by the
N/10 NaOH; for}example,vfish skin collagen was almost com-
pletely dissoived by the treatment with N/10 NaOH.

No method of determining collagen is satisfactory.
Now planned by this laboratory is the development of an

improved asgsay procedure for collagen.
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TABLE II

"COLLAGEN" CONTENT OF PREPARATIONS
(by method of Lowry)

Preparation ' “Collagen®
%
Hide Powder 73.6
Cattle Hide Collagen
(ca(OH)e and trypsin) 96.U4
Cattle Hide Collagen
(Simple NaCl extraction) 91.7

Cattle Achilles Tendon (ollagen
(Simple treatment) 95, 4

Cattle Achilles Tendon Collagen
(Prolonged treatment) 97 .%

Pig Achilles Tendon Collagen ‘
(Simple treatment) g86.4

Pig Achilles Tendon Collagen
(Prolonged treatment) . 100.0

Rat Tail Tendon Collagen
(Prolonged treatment) 88,2

Fish Skin Collagen
(Simple treatment) 1.8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



23

TRANSITION TEMPERATURES OF COLLAGEN

Native collagen heated at moderate temperatures
(45~70° ¢.) in water undergoes visible contraction and dis-
tortion of structure (L, 2). The temperature at which this
occurs is called the transition temperature or "shrinkage
temperature®. The effect can be considered heat denatura-
tion of collagen. The modified collagen obtained has lost
1ts regularity of x~ray diffraction (3) and resistance to
tryptic action (4). The transition temperature is reported
to be 52° ¢. for fish skin collagen and 60-70° ¢. for cattle
tendon collagen (2) or goat skin collagen (30). It 1is
evident that the translition temperature for collagens from

different sources may differ considerably.

It is believed that hydrogen bonds and polar cross—
linkages connecting the polypeptide chains of collagen are
disrupted at the transition temperatures. The chains fold
upon themselves and the organized lattice work is destroyed.
The transition temperature is therefore a measure of the
stability of the native collagen structure (31).

In the present study a survey is made of the
transition temperatures of éollagens from several different
gources. When the collagens were subjected to the heat
treatments in water, shrinkage was quite apparent. However,
for quentitative data the increased susceptibility to
trypsin was determined. A4s reported by Wohlisoh (32) rat
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tall tendon was almost completely converted to a water-
soluble form at 60° C., the shrinkage temperature. This
was observed to be true in the present study; hence, this
transformation was determined as a measure of the transition
temperature.
»EXPERIMENTAL

To measure the effects of heating collagen in
water, solubilization by heating and by subsequent digestion
with trypsin was determined. The collagen samples were pre-
pared by the procedure involving prolonged extraction. A
suspension of 50 mg. of air-dried collagen sample and 4.0 ml.
of distilled water were placed in 18 x 150 mm. pyrex tubes.
After standing 3 hours at room temperature t0 insure wetting,
the tubes were placed in a water bath at designated tempera-
tures (56-66° + 0.5° ¢.) for 20 minutes. The supernatant
liquid was poured off and 4.0 ml., of 0.05 M phosphate
buffer, pH 7.2 and 1.0 ml. of phosphate buffer containing
1.0 mg. of trypsin (Merck 1:250)were added. After incuba-
tion at 37° ¢. for 24 hours, the residues were collected
in Gooch crucibles, washed with water and alcohol, dried to
constant weight at 100-110° C., and weighed. The data
obtained are included in Table III. In Table IV are results
from preliminary experiments conducted similarly to those in

Table III, but the temperature was less closely controlled.
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For Table IV collagens prepared by the simple procedure

were used.

RESULTS

The collagen samples displayed a wide range of
reaction to the heat treatment. It will be noted from
Table III and IV that cattle achllles tendon, sheep achilles
tendon, and kangaroo tail tendon collagens were not solu- '
bilized by the heat treatment. Pig achilles tendon, cattle
tail tendon, turtle collagen, and chicken tarso-metatarsal
tendon collagens solubilized to an extent of 20-30% by the
heat treatment. Rat tall tendon collagen was almost com-
pletely solubilized by heating at 60° C. Even though
kangaroo tail tendon was resistant to solubilization, its
resistance to tryptic action was reduced to almost zero by
heating at 60° C.; other collagens were not denatured so
completely at 60° ¢. Graph I shows the considerable effect
of small changes of temperature.

Collagens prepared by the simple procedure and by
the prolonged procedures were closely alike in their
regponses to heat and enzyme treatment.

It is apparent that collagens from different
gources differ in thelr resistance to solubilization and to
heat denaturation as measured by susceptibility to trypsin.

In the section on the action of proteases on collagen data
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are given indicating that susceptibility of cattle achilles
tendon is increased to the same extent for trypsin, papain,

and Cl. perfringens enzyme preparations.

An air-dried sample of cattle achilles tendon
hegted in an oven at 100-110° ¢. for an hour did not show

increased susceptibility to trypsin.

Buggestions for Future Work
Future work of value nmight include:
1),Extensionland refinement of observations on

carefully purified native collagen from a wide variety of

gources.

2) The effects of pH changes and presencé of

salts and densturing agents on the various collagens.

3) Correlation, if possible, of the data with

structure, chemical, and biochemical properties.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-27-

TABLE III

EFFECT OF HEAT TREATMENT OF COLLAGEN ON SOLUBILIZATIONW
' AND ON TRYPTIC DIGESTION

L - Temperature (° Co) = « = = - =

)
C.
Solubilization ' 56 K7 58 59 60 61 ée 6% 6t 65 66
$
% Solubilization

Cattle Achilles Tendon Collagen

By heat 0 O 0 0 o O
By trypsin ’ 25 U3 sh 64k 72 75
Total _ 25 U3 B4 64 72 75
Pig Achilles Tendon Collagen
By heat -8 10 12
By trypsin 15 U9 &g
Total 23 59 70
. Rat Tall Tendon Collagen
By heat 25 37 56 &1
By trypsin —— - —— —
Total - - ——- —
Kangaroo Taill Tendon Collagen
By heat 0 0 O 0
By trypsin kg 89 98 99
Total 4g 89 98 99

Heat solubilization represents collagen converted to a water~
soluble form by the heating in water for 20 minutes,

Tryptic solubilization represents the additional quantity of
collegen converted to a water-soluble form by incubation with
trypsin (1.0 mg. Merck 1:250) for 24 hours after heat treat-

ment of collagen.
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TABLE IV

EFFECT OF HEAT TREATMENT OF COLLAGEN ON SOLUBILIZATION
AND ON TRYPTIC DIGESTION

- - ~ Temperature (° Ca) = = =
Solubilization 55 60 62 63 64 65

% Solubilization

Cattle Achilles Tendon Collagen

By heat 0 0
By trypsin 16 60
Total 16 60
Pig Achilles Tendon Collagen
By heat 10 ol
By trypsin 37 63
Total 7 a7
Sheep Achilles Tendon Collagen
By heat o
By trypsin 11
" Total . 11
Cattle Hide Collagen (Ca(OH), and trypsin)
By heat | 28
By trypsin 62
Total 90
Cattle Tail Tendon Collagen
By heat 19 26
By trypsin o 68
Total 68 oL
Kangaroo Tall Tendon Collagen
By heat 0
By trypsin 95
Total 95
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TABLE IV
(Contd.)

EFFECT OF HEAT TREATMENT OF COLLAGEN ON SOLUBILIZATION
AND ON TRYPTIC DIGESTION .

- - - Temperature (° C.) - = =
Solubilization 55 60 62 63 6l 65
% Solubilization

Turtle Subcutaneous Membrane Collagen

By heat 1 28
By trypsin 4 62
Total 5 90

Chicken-Tarso-metatarsal Tendon Collagen

By heat 21.5

Heat solubilization represents collagen converted to a water—
soluble form by the heating in water for 20 minutes at the

specified temperature.

Tryptic solubilization represents the additional quantity of
collagen convexed to a water-soluble form by incubation with
trypsin (1.0 mg. Merck 1:250) for 24 hours after heat treat-

ment of collagen.
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Graoh I Transition Temperature of Collagens. -
,".Values are per cent digested by trypein. after heatvv-‘;':
" treatment, Ie)xcep'l: for rat tail tendon collagen fo;'.

* . which the va.lues are the per cent: converted . to a.
,wate:r-soluble form by 'l:he heat trea‘cmeat. o
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V—V=KANGAROO TAIL TENDON GCOLLAGEN
O-——0=RAT TAIL TENDON COLLAGEN

®@ —@ =PIG ACHILLES TENDON COLLAGEN

O ——O0 = CATTLE ACHILLES TENDON COLLAGEN

SOLUBILIZED (PER CENT)
o H » o ~ ™
o o o o o o
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0 L] L L L} A L L] LS L
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THE SOLUBILIZATION OF COLLAGEN IN WATER

-A characteristic property of collagen is solu-
bilization or conversion to gelatin bj heating at 55-100° ¢,
in water. 1In conversion of collagen to gelatin in hot water
heat denaturation occurs followed within a few minutes or
hours by the formation of gelatin. Continued boiling of
gelatin solutions for a relatively long period résults in
a gradual degradation to smeller particles as measured in
ultracentrifugal and viscosity studies. These changes are
explained by.Scatchard and Oncley (7) as due to an initial
disruption of hydrogen and polar bonds that occur in heat
denaturation and a hydrolysis of wildely-spaced easily
hydrolyzable bonds in the peptide chein. In this way are
formed the high molecular weight polypeptide chains that

- constitute gelatin. Degradation to smaller particles slowly
follows through hydrolysis 6f less easily hydrolyzable pep-
tide bonds. The relative ease of solubilization has been

used in the present study to indicate differences in collagens

from different sources.

_ EXPERIMENTAL
Collagen prepared~by the simple procedure was used

except in the case of cattle hide (treated with Ca(OH), solu-

tion and trypsin), kangaroo tail tendon (air-dried), and

hide powder.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 31

Suspensions of 100 mg. of collagen preparations
in 5.0 ml. H,0 were contained in 18 x 150 mm. pyrex test
tubes. After standing 3 hours to insure thorough wetting,
the tubes were placed in a water bath at designated tem-
perature + lo C. for 30 minutes. The residues were caught
in Gooch crucibles, washed with water and.alcohbl,'dried
to constant weight, and weighed. The per cent solubilized
was qaiculated from residue weight. "

The solubilization of cattle and pig achilles
tendon wes further studied in the following manner: Pyrex
test tubes (1% x 150 mm.) containing Y40 mg. of sample and
10.0 ml. distilled watei were sealed by fusion. After stand-
ing 3 houts at 25° C. the tubes were 1ﬁmersed in boiling
water. At intervals throughout a perlod of 11.0 hours, tubes
were withdrawn and cooled in running water. The liquid was
centrifuged or filtered off, and viscosity at 370 C. was
determined in an Ostwald viscosimeter. The residues were
collected in tared Gooch crucibles, washed, dried to constant
welght, and weighed. Nitrogen of the solution was determined
by the Kjeldahl procedure. Dialyzable nitrogen of the fil-
trate was determined by dialyzing 4.0 ml. in cellophane;
tubing (Visking Corp.) against 16.0 ml, of distilled water
in a test tube sealed with paraffined corks. Agitation was
produced by 30 end-over-end revolutions per minute in a

rotating dialyzer. FPhenyl mercuric acetate in 1:100,000
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concentration was used as preservative.

RESULTS |

It is readiiy geen from Table V that considerable
differences in ease of solubllization exist from one colla-
gen preparation to another. The rat tall tendon collagen
was almost completely solubilized at 60° C. (the shrinkage
temperature). The kangaroo tail tendon collagen was highly
resistant to solubilization even at 100° C. as was cattle
achilles tendon collagen. The other samples were inter-

'_mediate in this property.
In Table VI is a further comparison of the gelat-

1nizaﬁion of cattle and pig achilles tendon collagen. The
amounts solubilized as determined by residue welght and the
nitrogen of the supernatant confirmed the contrast in the
two collagens. The viscosity of the solutions increased as
the nitrogen content increased. The results are also

presented in Graphs II and III.
The solubilized cattle collagen was undergoing

secondary splitting as indicated by the fall in viscosity in
the later stages of heating. 98% or more nitrogen was in

particles too large to dialyze through the cellophane tubing.
The absolute quantity of dialyzable nitrogen increased grad-

vally as the solubilization progressed.
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The residues were minimal after 11 hours of
heating the cattle collagen and 3 hours of heating the pig
collagen. The collagens from these two sources, prepared
by the prolonged extraction procedure yielded relative
results similar to those in Table VI.

It is concluded thet collagens from different
sources prepared in the same manner may exhibit considerably
different resistances to conversion to water-soluble forms.
These differences may provide information regarding the

structure of the collagen molecule.

TABLE V
SOLUBILIZATION OF COLLAGEN AS A FUNCTION OF TEMPERATURE

- —.Temperature (° C.)- -

Collagen Source 50 60 80 100
% Solubilized
Hide Powdex 18.9 20.2 25.&8 37.6

Cattle Hide
(Prepd. with Ca(OH)o and trypsin) 1.6 2.1 7.3 15.7

Cattle Achilles Tendon 0 1.4 5.2
Pig Achilles Tendon 0 16.1  33.1  36.4
Kangaroo Tail Tendon 0.9 3.5 4,9
Rat Tail Tendon 1.8 81,0 &5.4 86,7
Chicken Tarso-metatarsal Tendon 21 5%

*Heat treatment was 65° C¢. for 20 minutes.
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TABLE VI
SOLUBILIZATION OF COLLAGEN AS A FUNCTION OF TIME

| Nitrogen |
Collagen Solu~ of Super- Vis- Dialyzable
Source Time Dbilized natant cosity* Nitrogen
(hrs.) (mg.) (mg./ml.) (sec.) (mg./ml.
‘supernatant)
Cattle 0.5 27 0.52 62 - 0,010
Achilles 1.0 B9 1.24 74 0.Cl2
Tendon b0 186 3.96 152 0.013
8.0 367 6.32 231 0,017
11.0 378 6.73 202 - 0.020
Pig 0.5 138 2.64 134 0.019
Achilles 1.0 193 ol 171 _
Tgndon 2.0 252 3.82- 225 0.013 (?)
3.0 289 5.58 2ug 0.072

* Time of flow of distilled water was 56 seconds.
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Graph. Ii. The Solubilization of Cattle Acmnes Tendonf G
001188611 by Heating at 100 c. in Wa.'ter.
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GT&Ph III. The Solubilization of Pig Achilles Tendon f ;rf“=

0011agen by Heatlng at 100° C in Water.a;;gf'f
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SWELLING OF COLLAGEN PREPARATIONS

Collagen exhibits marked swelling in dilute
agueous solutions at pH 2-3 and 1ll-13. In general, a
range of minimal swelling extended from pH 5 to pH 10.

Gelatin swells similarly as reported by early workers

(33,34).

E. C. Porter (35) studied the swelling of hide
powder by measuring volume occupied by the settled powder
when equilibrium had been established in buffered solutions ™
of different pH values. Two maxima at pH 2.4 and 12.5 were
found.

McLaughlin (36) and McLaughlin and Porter (37)

did some of the earliest work on swelling in which hide was
used. 8Similar studies have been made by Wilson and Gallun
(38), R. E. Porter (39), and Page and Gilman (40). Thick-
ness of striés of hide was & convenient measure of swelling.

Highberger (41) determined swelling of hide colla-
gen by equilibraeting with HCl and NaOH solutions and measur-
ing volume after centrifuging as well as measuring weight.

D. J. Lloyd and Mariott (42) determined swelling
of rat tail tendon by measuring changes of length and width.
A. Kintzel (hS) also reported observations on rat tail ten-

don swelling.
Kernot and Knaggs (44) measured swelling of fish

gskin.
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Swelling of cattle achilles tendon was studied

by Knagge and Schryver (11).
| Goat skin swelling was studied by Theis (U46),

Swelling of cattle cornea collegen was reported
by Pirie (16). |

In all these studies the swelling mexima occurred
at about pH 2.5 and pH 11-13. A minimum swelling range
extended from about pH 5 to pH 10. Swelling of adult rat
tail tendon and cattle cornea collagen has & maximum at
pH 4. However, it is to be remembered that the sﬁelling of
rat tail tendon was determined on pileces of the whole tendon
by measurement of length.

In the present study a brief survey wes made of

the swelling of several collsgen preparations as a function

of pH.

EXPERIMENTAL

To determine swelling of the collagens as a function
of pH, the samples were equilibrated with water, HCl, or NaCH

solutions, and the weight of the swollen samples was deter-

mined.
The collagen was prepared by the brief treatment

described in the sectlion on preparation of collagen. Cattle
achilles tendon collagen and pig achilles tendon collagen
prepared by the prolonged extraction procedure did not differ

significantly from the cruder preparations in extent of
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swelling at the region of maximal swelling at pH 2-3.

Suspensions of 100 mg. of air-dried sample in
20 ml, of HEO, HCl, or NaQH solution representing a range
of pH 1 to pH 13 were prepared in 18 x 150 mm. pyrex test
tubes. The tubes were stoppered with waxX paper and corks.
The suspension was maintained with occaslional agitation
for 24 hours at about 25° C. Swelling is well-advanced
within a few minutes and preliminary tests.showed g4 hours
to be sufficient to allow maximal swelling. The equilib-
Tium solﬁtién was collected and the pH determined with a
Leeds and Northrup pH indicator, No. 7663-Al. The
residues were caught in a Bﬁchner funnel over suction and
excess fluid pressed out with filter paper. The fina;
residue was only slightly damp to the touch; it was welghed
immediately in a tared beaker.

The comparative swelling of heat denatured cattle
achilles tendon collagen was determined. The sample in
100 mg. quantities was soaked in 3.0 ml. Hp0 for an hour
and then placed in a boiling water bath for 5 minutes.
Shrinkage occurred in the first minute. According to pre-
vious data hydrolysis by this treatment is negligible. The
liquid was poured off and the solutions of various pH were
added and further procedure followed the usual practice.

The dry weight of the various collagen preparations was

85-90% of the air-dried weight.
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RESULTS

The date are presented in Table VII and in
Graphs IV and V. It may be observed that all samples
agreed with each other and with the literature in the
position of their maxima and minima, The maxima occurred
at pH 2-3 and 12-13, The minima occurred at pH 5 to 10,
However, wide variation in extent of swelling occurred.
The‘greatest swelling at the acid maximum took place in the
samples more eagily solublilized by heating in water.

Pig and chicken collagen swelled considerably more
than cattle collagen., Heating at 65° C. for 20 minutes in
water solubilized 20% of pig and chicken collégen whereas
cattle collagen was not messurably solublilized. Rat and
fish collagen which completely hydrolyzed in a few minutes
at 60° ¢. apparently swelled to the point of dissolution in
the low pH region. This dissolution may be solubilization
gsimilar to that which collagens undergo when heated in water.
It is interesting to note that the heat dematured cattle
achilles tendon collagen swelled at the acid maximum about
40% as much as the native collagen.

The range of minimal swelling for most of the
collagens existed from pH 5 to pH 10. A sudden increase of
swelling of rat collagen was observed at pH 4,9, fThis con-

: fl
firms a previous report by A. Kuntzel (43).
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It appears that, whatever factors are involved
in swelling, there are distinct differences in these

factors in collagen preparations from different animals.
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TABLE VII

SWELLING OF COLLAGENS AS A FUNCTION OF pH

2ly7

Initial T - (1 A Distd, = = = = = NaOH- ~ = = -
golution N/100 N/1000 K§/10,000 N/100,000 Water N§/10,000 N/1000 N/100
Cattle Achilles Tendon Collagen
pH of solution :
at equilibrium 1,25 2.2l 2.68 3.93 6.13 10.51 11.77 12.55
Weight of
residue (mg.) 879 2600 2676 479 262 329 1322 1246
Cattle Achilles Tendon Collagen (Prolonged treatment)
pH of solution
at equilibrium 2.29 5.54
Weight of -
residue (mg.) 2517 | 215
' Cattle Achilles Tendon Collagen (Heat denatured)
pH of solution
at equilibrium 1.27 2.39 2.77 4.03 7.13 10.15 11.76
Weight of | |
residue  (mg.) 751 1184 978 585 345 522 856
Cattle Hide Collagen (Simple procedure)
pH of solution ,
at equilibrium 1.10 2.26 2,54 3.53 6.07 10.93 11.77 12.59
Feight of | ,
residue (nmg.) 745 1640 1587 573 239 554

529
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Pig Achilles Tendon Collagen
pH of solution |

at equilibrium 1.26 2.31 ‘2.82 3.98 6.04 1o.47 11,79 12,62
Weight of :
residue (mg,) &34 3898 3195 1794 198 280 83 1060

Pig Achilles Tendon Collagen (Prolonged treatment)
pH of solution

at equilibrium 2.36 5.1
Weight of -
residue (mg.) 3717 226

v Cattle Cornea Collagen (Prolonged treatment)
pH of solution

at equilibrium 1.26 2.35 2.76 3.97 6.63 9.68 11.75
Weight of
regidue (mg.) 892 1962 2152 668 326 hgl 1030

Chicken Tarso-metatarssl Tendon Collagen

pH of solution

at equilibrium 1.22 2.43 2.78 3.72 6.U8 9.66 11.67 12.55
Weight of
residue (mg.) 1288 7372 6394 1936 200 a5k 1336 1750

Rat Tail Tendon Collagen -
pH of solution

at equilibrium 1.22 2.29 2.75 4,32 4,90. 8,93 11.73 12.59
Weight of '
residue (mg.) 1740 - - - - Solubilized = - - - - 1167 218 2301 2431

Halibut 8kin Collagen
Appreciable solubilization except at approximste pH's 7 and 11. A%t these pH'!s no
noticeable swelling took place.




 Graph IV. Toe Swelling of Collagens ss & Punotion of pH.
S :cdll‘a‘.géﬁﬁs: Cé.t"clé. aéhilie's.; tei;’d.’onm élélla'gen- (ndtiﬁré ‘and
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S _""éiaph-fv‘. The Swelling of . Collagens as a Fu.notion of pH.

,;'collagen, chicken tarso-metatarsal tendon collagens.;

Between pH. 1.2 and pH 4.9 the swelling curve for rat
rail tendon collagen is hypothetical.v 
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THE ACTION OF PROTEOLYTIC ENZYMES ON COLLAGEN

Native collagen is generally considered resisiant
to tr&psin (4, 31). Pepsin attacks_céllagen (31, 48).
Blow fly larva (U49), the mold, A. oryzae (50), and a cray-
fish (51) are sald to produce collagenasges, proteases attack-

ing collagen., Production of a collagenase by Cl. perfringens

is reported by Maschmann (52), Macfarlane (53), and Oakley
et al. (54). Jennison (55) made a survey of a qualitetive
nature of a number of microorganisms. He stated that Cl.,

pexfringens had no observable effect on collagen though Cl.

histolyticum was highly active. At the same time B.
mycoides, B. mesentericus, Cl. gporogenes, Cl. bifermentans,

and Cl. lentoputrescens demonstrated digestive action on

collagen.
In previous studies little or no attention was

given to the effect of source of the collagen on the suscep-
tibility to enzymes. Eh§ term "collagenase! as used in the
pagt has implied capacity for digeétion of any collagen
whatsoevér. Another important consideration is the prepara-
tive procedures to which the collagen was subjected. Heating
at mild temperatures in water results in denaturation and
susceptibility to trypsin (4). In a number of studies of
collagenase in the literature altered substrates have been

used for detection, thereby giving rise t0 erroneous results.
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In the present study a survey is made of the
digestive action of six proteolytlc enzymes on collagen
from various sources prepared by procedures calculated not

to alter the structure.

EXPERIMENTAL
Digestion of Hide Powder and Collagen by Enzymes

In order to demonstrate digestion of collagen by
proteases the collagensg were incubated with the enzymes in
buffered solutions, and digestion was determined by weigh-
ing the residues. Collagen wae prepared by the brief treat-
ment described in the section on preparation of collagen.
Cattle, pig, and rat tail tendon subjected to oprolonged
treatment was not significantly different from that prepared
by the brief treatment in susceptibility to trypsin or Cl.

perfringens enzymes. Kangaroo tail tendon was the alr-dried

whole tendon cut into cross sections of 2-3 mm. in length.
Two samples of cattle hide collagen were used, one prepared
according to a procedure utilizing Ca(OH), and trypsin (15),
and the second by brief treatment with cold NaCl solution.

For trypsin (Merck 1:250) and chymotrypsin (crys-
talline) digestion, test tubes (18 x 150 mm.) containing
100 mg. of substrate and 4.0 ml. of 0.05 M phosphate buffer,
pH 7.2, were placed in a water bath at 37o C. for a half

hour to insure thorough wetting and attainment of bath tem-
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perature, The trypsin and chymoirypsin were added in 1.0 nml.
of the same buffer solution at 37° C.

Digestion medium for pepsin wes 10.0 ml. of N/100
HC1l. In this case the substrate was suspended'in 9.0 ml, of
the HC1l solution, and the pepsin in 1.0 ml. of the HCl solu-
tion was added.

Papain digestion was conducted as the trypsin
except that the buffer solutions were M/100 with respect ﬁo

KCN.
Cl. histolyticum and Cl. perfringens enzyme prepa-

rations were produced in culture filtrates on a medium

previously described (56). Cl. perfringens enzyme prepara-

tions also were prepared by (NHu)Qsou precipitations. The
digestions with bacterial filtrates were conducted similarly
to those with trypsin except that 2.0 ml. phosphate buffer
was used when 3.0 ml. of filtrate adjusted to pH 7.2 was
added. No activation of the bacterial filtrates by KCN or
cysteine occurred, as measured on gelatin and hide powder.

The pH of 7.2 was chosen because it was the optimum pH for

C1l. perfringens enzyme preparation and it allowed high activ-

ity for all enzymes except pepsin.
A layer of toluene was used as preservative in the

tubes. Hide powder was subjected to the action of the enzyme

preparations under the same conditions as a measure of the

enzyme activity.
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After periods of 1, 24, and 72 hours the residues
were collected in a tared Gooch crucible, washed with water
and then alcohol. The crucibles were dried to constant
weight at 100-110° C. and weighed. A reasonably accurate
measure of the digestive action of the enzyme preparations

was thus obtained.

Pogt-enzymic Solubilization

It was earlier reported (1, 2) that trYpsin pre-
treatment of collagen from fish, cattle achllles tendon, and
cattle hide considerably increased solubilization occurring
at the shrinkage temperatures. The collagens, after incuba-
tion with trypsin, had been assiduously washed with water; so
the possible effect of residual enzyme was discounted by the
investigators. The solubilization was attributed to possible
splitting of bonds by the tryptic digestion.

In the present study a number of different collagen
preparations were treated with several enzymes. The washed
residues were then heated in water to reveal enhanced ease
of solubilization. Such an effect will be referred to as
post-enzymic solubilization.®

The treatment of collagens with proteases was con-
ducted as described in the preceding paragraphs. At the con-
clusion of the digestion period the residues were transferred
to 15 ml. conical centrifuge tubes. The residues were centri-

fuged from the digestion medium and washing solutions. Over
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a period of one hour the residues were suspended in five
changes of 12 ml. portions of water at 25° €. Further wash-
ing with water did not decrease solubllization during the
heat treatment. In the case of trypsin, practically all
the $rypsin was found free in the supernatant digestion mix—
ture. /10 NaCl, M/10 Na,C03, M/10 NaOH and M/10 phosphate
buffers of various pH were also used for washing. In these
cases the reslidues were washed with four changes of 12 ml.
portions of the solutions over a period of a half hour.
Controls were washed with equal amounts of water for the
same time. In washing out the ¥/10 NaOH, greater quantities
of water were necessary to rapidly remove the NaOH and to
reduce the swelling of the collagen which takes place in this
concentration of NaOH. The removal of the NaCH was begun
after 5 minutes standing with the NaOH. Controls washed
with similar amounts of water gave the usual extensive sol-
ubilization upon heat treatment.

In certaln cases, indlicated in Table V, residues
were suspended 5 minutes in solutions of sodium "Lorol"
sulfate* which rinsed out with several portions of water.

The total washing time was one hour.

All the washings were conducted at room tempera-

ture (25° C.).

* A wetting agent supplied by E. I. DuPont de Nemours Co.
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After the washings the residues were mixed in
the centrifuge tubes with 5.0 ml., of water. The tubes
were placed in a water bath at the designated temperature
+ 1°% ¢, for 20 minutes. For most of the work 66° C. was
chosen because it was 2-5° C. higher than the temperature
‘required to produce visible shrinkage of all collagens
tested. This visible shrinkage is accompanied by én in-
creaged susceptibility to proteolytio action. In several
instances éfter incubation with ﬁapain a 75° C. heat treat—
ment was used because in those cases 75° C. treatment
solubilized more effectively than did 66° C.

Heat treatment was also conducted in the presence
of sodium "horol® sulfate and of Hy0p. 5.0 ml. of solution
containing the stated amount of inhibitor was added to the
washed residues, stirred, allowéd to stand 5 minutes, and
then placed in the water bath for 20 minutes at the desig-
nated temperature.

After the heat treatments the residues were

collected, washed, dried, and weighed as usual,

Heat and Urea Denaturation
The increase of susceptibility of collagen to

trypsin caused by denaturation was determined in the follow-

manner:
Heat denaturation was accomplished by heating
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100 mg. of cattle achilles tendon collagen in 5.0 ml. of
water at 65° C. for 20 minutes. The suspension had been
maintained for an hour at room:temperature (25° C.) to
assure thorough wetting. |

| Urea denaturation was accomplished by suspension
of 100 mg. of the collagen in 5.0 ml. of 4 M, 5 M, and 6 ¥

urea at 37° €. for 24 hours.

After the denaturation procedures the supernatant
was removed and the urea was thoroughly washed out.

To the residues was added 5.0 ml, of 0,05 M phos-
phate buffer pH 7.2 containing 1.0 mg. trypsin (1:250), or

2.0 mg. C1. perfringens enzyme preparation, or 2.0 mg.

papein. The tubes containing papain were also made 0.01 N

with respect to KCN. _
The tubes were incubated 2U hours at 37° c.

Finally, the residues were collected in Gooch crucibles,

washed succesgsively with water and alcohol, dried to constant

weight, and weighed.
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RESULTS

Digestion of Collagens by Enzymes

It is obvious, as shown in Table VIII, that hide

- powder is highly susceptible to attack by all the proteases
tested. Extensive and rapid digestion of all collagen |
samples was obtained only with Cl. histolyticum filtrates

and with pepsin. Cl. perfringens enzyme preparations were
10-20 fold less active than equal quantities of Cl. histo-
lyticum filtrates. It is interesting to note that collagen
prepared by Ca(OH), and trypsin treatment (15) is much more
susceptible to digestion by all the enzymes than are the
other collagen preparations. This may be due to modifica~
tion of the collagen by the more drastic preparative pro-
cedures. This possibility is strengthened by the relative
large extent of digestion of this collagen preparation
occurring in the first hour of incubation. The small quan-
tities of the other collagen preparations that are digested
by trypsin, papain, and chymotrypsin may be contaminating
proteins or collagen denatured either previously or during
incubation. As stated earlier in the discussion of prepara-
tive procedures, the collagen preparations from tendons were
shredded in a Waring blendor. The hide collagen samples
were ground in a Wiley mill. Only the kangaroo tail tendon
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was in relatively large pleces, consisting of the whole
tendons in 2-5 mm. lengths. The effect of the relative
surface exposed to enzyme action may be discounted because
of: 1) the long incubation period, and 2) the large degree
of éolubilization produced by the "collagenases" regardless
of particle size. Collagen preparations from chicken tendon,
turtle subcutaneous membranes, cattle tail tendon, cattle

chordae tendinae, cattle bone, and sheep tendon showed re-

sistance to trypsin and the susceptibility to Cl. histo-
lyticum filtrates typical of the other collagen preparations.

Post-Enzynic Solubilization

In Table IX are recorded data showing that all
collagen samples tested demonstrated a greatly increased
solubilization at 60-75° ¢. after incubation with several
proteases and subsequent thorough water washing. The enzymes
producing this effect were trypsin, crystalline trypsin, and
papain. ZEnzymes not producing appreciable effects were

crystalline chymotrypsin and Cl. perfringens enzyme prepara-

tions. Previous investigators had washed the collagen only

with water after the trypsin pretreatment.

It is shown in Table X that M/10 NaCl, Na2003,
NaOH or phosphate buffers in contrast to water diminished
the solubilization effect. Solutions were increasingly

effective as the pH increased or decreased. The period of
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washing was arbitrarily chosen to demonstrate ielative
effectiveness of the various washing solutions. Prolonging
the washing time augmented the effect of all solutions
whereas dilstilled water continued to have no effect. It
also may be noted that incubation of collagen with trypsin
or peapain for two weeks resulted in less solubilization
upon heat treatment than did shorter incubation.

In Table XI is shown the effect of altering the
temperature of heat treatment. Cattle achilles tendon col-
lagen was incubated with trypsin and papain for 1-24 hours
at 37° C. The residues were thoroughly washed with dis-
tilled water. Instead of heating only at 66° C., heat treat-
ment at 70-100° ¢. was applied. Heat treatment at £0-100° @.
greatly diminished the extent of solubilization after trypsin
pretreatment. It will be noted that papain, which is more
resiét&nt to high temperatures and high concentrations of
urea than trypsin, actually was responsible for an increased
solubilization at 75-90° C. At higher temperatures (100° C.)
inhibition finally occurred. Sodium "Lorol" sulfate was
found by preliminary tests to inhibit completely tryptic
digestion of hide powder. As shown in Table XII inhibition
of the post-enzyme solubilizatlion also was accomplished by
use of sodium "Lorol" sulfate. Post-enzyue solubilization
resulting from papain was inhibited by H202 although that

resulting from incubation with trypsin was not inhibited by

H202 .
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It appears that the reported increased ease of
solubilization of collagen after trypsin pretreatment is
an effect of quantities of enzyme which are difficulty

removed from collagen by washing in water at room tempera-

tures (25° C.)
Heat and Urea Denaturation

» Table XIII summarizes the observations on dena-
turation. Heating collagen in water at temperatures 2—5°
in excess of the shrinkage temperatures renders cattle
achilles tendon collagen similarly susceptible to three
different proteagses tested. Urea produces similar effects.
In addition collagen preparations from sheep tendon, pig
tendon, chicken tendon, turitle subcutaneous membrane,
cattle tall tendon, kangaroo tail tendon, cattle chordae
tendinae, cattle hide, and cattle bone were denatured by

similar heat treatment and became susceptible to tryptic

attack.

Summary

1) The use of hide powder as a substrate in the
demonstration of collagenase activity is not valid.

2) Collagens from several sources, prepared by
methods calculated not to alter properties, are resistant

to the action of trypsin, chymotrypsin, and papain. The
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collagens are readily attacked (solubilized by the proteo-
lytic enzyme(s) of Cl. histolyticum and Cl. perfringens and

by pepsin.
3) The reported increased solubilization of colla~-

gens in water at the shrinkage temperature (68-70°) after
incubation with enzymes can be attributed to residual enzyme.
4) penaturation of collagen by heat and ures PIO-

duces a general susceptibility to proteolytic enzymes.

Suggestions for Future VWork
A more detailed investigation of enzyme action on
collagen would be of interest. Among the possibilities for
profitable study are:

1) A further survey of enzymes for detection of

collagenase activity. |

- 2) Determination of properties and preparation of
these enzymes, and the conditions for maximum action of
collagens.,

3) Characterization of the effects of collagenases
on collagens; this would include determination of pre-solu-
bpilization effects, if any, and characterization of inter-
mediary and end-products of digestion.

1) These enzymes once characterized might be of
importance in (a) preparation of connective tissue proteins,

(b) understanding of biological systems involving collagen,
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(c) clinical chemistry, and (&) commercial utilization of

collagen derivatives.
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TABLE VIII
SOLUBILIZATION OF COLLAGENS BY ENZYMES*

---------------- ENZYME - = = = - - = = = c - = = = - - - ==

%ncx;-. Cryst. Cl. per- Cl. per- (Cl.histo-
ation Cryst. Chymo- fringens fringens lyticunm
Time Trypsin Trypsin Pepain +rypsin pptd. filtrates filtratee Pepsin
enzyme .
Hours % % % % % % . %
Hide Powder

1 59.4 60.3 53.8  57.7 20.6 22.5 50. 4 7.7

24 | 88.5
Cattle Hide Collagen (Prepd. with Ca(OH), and trypsin)

1 19.0 10.8 14,1 17.4 9.8 21.8 0.0
ol 28.2 15.2 21.3 27.4 74.9 95.0
72 344 22.2 22.0 kg .8 95.%

Cattle Achilles Tendon |
1 5.4 2.3 3.3 1.4 0.0 0.0 . 2.0 0.0
o4 8.2 1.8 3.9 4.3 12.4 18.9 5L.4 94,7
72 4.9 6.8 .€ 5.6 22.1 47.2 ok.7 .
Pig Achilles Tendon

1 3.8 1.8
ol . 5.7 21.4 97 .4 95.7
72 5.0 63.1

Kangaroo Tall Tendon

ﬁ . 2.4 1.3 0.0 %.9 b 0.0 al.é 0.8
2 y, 1.2 2.2 . 9 *x 15,2 3. 0.
72 7.8 un 5.4 E.R 18.3 ** 20§ 45,8
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1 2.4 1.3 0.0 2,9 ** 0.0 1.3
24 4,9 1.2 2.2 ga 6.2 22 15,2 23.8 80.8
72 7.9 boh 5okt . 18.4 ** 29,5 19.8
Rat Tall Tendon

1 1.1
2l 4.9 36,9 ** U43.6 91.8
72 7.9 68.3 **  &7.3
* Enzymes used in the followling quantities:

Prypsin (Merck 1:250) , . . . . . 1.0 mg,

Chymotrypsin (crystalline). . . . 0,2 mg,

Trypsin (erystalline) . . . . . 0.1 mg.

Cl. perfringens filtrates . . . + 3.0 ml.

CI. histolyticum filtrates . . . 0.2 ml,

Pepsin éU.S.P.) ¢ e s s e o o o o 1.0 mg,

Papain (KCN activates). . « . . . 1.0 mg.

Cl. perfringens pptd.enzyme . . . 2.0 mg.

Temperature of incubation 37° C. + 0.59.
** 5.0 mg.
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TABLE IX
POST-ENZYMIC SOLUBILIZATION OF COLLAGENS

- —Amount of Substrate- -

Quantity , Collagen Solubilized by
Enzyme of Enzyme . Bource . Heat Enzyme H+ &
(mg./%uve) % % %
Trypsin 0 Cattle Achilles 0-0.5 — —
(Merck 1:250) 0.05 Tendon 2.5 54
. 005 u’oo 87
1.0 3.1 88
2.0 oM 91
0 Pig Achilles 16-20 — -—
0.05 Tendon 2.0 71
0.1 2.0 &9
0’5 2.0 97
0 Sheep Achilles. 2.3 ———— -
0.1 Tendon - 2.0 ug
0.5 3.6 g5
0 Chicken Tarso 21l.4 — -
0.05 metatarsal ' Lg
0.1 Tendon : 70
0.5 97
0 Kangaroo Tail 0 ——— -
1.0 Tendon 4,0 14,2
0 Cattle Hide 9.4 _— —_—
0.05 (Prepd. by 16
0.1 brief treatment) 39
0’5 507 89

°

Ui

§90 min.g Hide Powder i 4
30 min. 7

(o Ne
O
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0.05 §9o min.; Hide Powder 41.7
0.15 (30 min. 32.7
Crystalline 0 Cattle Achilles 0-0.5 —— -
Trypsin 0.1 Tendon 0 us
0.5 0 ' 8
1.0 1.1 &8
Crystalline 0 Cattle Achilles 0-0.5 —— —
Chymotrypsin 1.0 _ Tendon . 0 6.1
1.0 (24 nhrs.) 4.1 2.3
0 Pig Achilles 16-20 — -
1.0 Tendon 2.0 0
1.0 (24 hrs.) : 5.0 6.4
Papeain 0 Cattle Achilles 0-0.5 ——— -
2.0 Tendon 2.9 50-90
2.0 (24 hrs.) - 4.0 Ly
0 24 hrs. 0-0,.5% — -
2.0 (24 nrs, glx
2,0 (24 nrs. gl
0 224.hrs.g Pig Achilles 26.7 — -—

, : 2.0 (24 nrs. Tendon , g2
Cl.perfringens O Cattle Achilles 0-0.5 ——— —
Powgsi %1Ef2" 10.0 Tendon 0 6.5

10.0 (24 hrs.) 16.7 12.5

* Heat treatment was for 20 minutes in a 75° C. water bath. R
The time of incubation unless otherwise noted was one hour at 37° C. + 0.5,
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TABLE X

POST~-ENZYMIC SOLUBILIZATION OF COLLAGENS AFTER WASHING
WITH VARIOUS SOLUTIONS

Enzynmes Collagen Washing Post-Enzynic
Source Solution Solubilization
%
Prypsin*# Cattle /10 NaH,PO) 13.8
.imerck 1:250) Achilles
1 mg./tube) Tendon M/10 phosphate
buffer, pH 6.0 31.2
/10 phosphate
buffer, pH 6.5 50.0
Distilled water 9k4.c
M/10 HaCl . 56.0
M/10 phosphate
buffer, pH 7.2 47.0
M/10 phosphate
M/10 NagHPQY 16.0
/10 NapCO3 9.0
M/10 NaCH 8.0
Incubation time
24 hours Distilled water 9l.0
24 hours M/10 NaOH 9.0
2 weeks Distilled water 15.0
Pig /10 NaH,POy 79.0
Achilles
Tendon Distilled water 93.0

M/10 phosphate
buffer, pH 7.2 51.0
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Znzyme Collagen Washing Pogt-Enzymic
- ___Source Solution Solubilization
%
Pig /10 Na,HPO 29.0
Achilles °2 .
Tendon ¥/10 NaOH 12.0
Cattle Distilled water 86.0
Hide ‘
¥/10 NeOH 14.0
Papain#%* Cattle M/10 phosphate
(2 mg./tube) Achilles - buffer, pH 6 30.0
- Tendon
Distilled water 56.0
M/10 phosphate
buffer, pH.7.2 Lh,0
u/10 NaEHPOu 49.0
¥/10 NaOH 5.0
Distilled water ol 0%
/10 NaoOH 15.0*
Incubation time
- 2 weeks Distilled water 50, 0%
Pig Distilled water 95 .0%
Achilles
Tendon M/10 NaOH 10.0*

* Heat treatment was 20 minutes in water bath at 75° €.
**x Tpcubation for 1 hour unless otherwise noted.
*%* Tncubation for 24 hours unless otherwise noted.
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POST-ENZYMIC SOLUBILIZATION OF CATTLE ACHILLES TENDON
BY HEAT TREATMENT AT VARIOUS TEMPERATURES

Incubation Temperature of Heat Treatment (% ¢.)
Enzyne Time* 6 70 75 80 8 95 100
hours % solubilized
Trypsin 1.0 74 74 62 28 12 12
(Merck
1:250) 24,0 9% 1L 16 12
1,0%* 86 20
Papain 2.0 72 9L gl gk 27
2k.0 53 &1 94 94 94 30

* Incubation at 37° C. + 0.5°
*% Oattle hide collagen (mild preparation).
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TABLE XII

POST-ENZYMIC SOLUBILIZATION OF CATTLE ACHILLES TENDON
COLLAGEN AFTER TREATMENT WITH SPECIFIC ENZY¥E IFHIBITORS

Incubation Treatment after Post-Enzymic
Enzyme Time Water Washing Solubilization

houres %

Trypsin 1.0 66° - heat treatment* |
(Merck in distilled water : oL
1:250) :

(1 mg./ 1.0 5 minutes in 0.2% Na

tube% "Lorol" sulfate - o

Washed out, then 66

heat treatment 57

1.0 5 minutes in 1.0% Na
fLorol" sulfate -
waghed out, then 66
heat treatment 9

1.0 5 minutes in 2.0% Na
“Lorol" sulfgte - washed
out, then 66" heat
treatment 5

2k.0 5 minutes in 2.0% Na
Lorol" sulfate - o
washed out, then 66
heat treatment 5

1.0 66° heat treatment in
presence of 0,0Us Na
¥Lorol" sulfate 66

1.0 66° heat treatment in
presence of 0.2% Na
"Lorol" sulfate 9

1.0 66° heat treatment in
0.1% Ho0s ol

Papain 2.0 75° heat treatment in
(2 mg./ distilled water 90

tube) o
2.0 75° heat treatment in

0.0001% H50o 90
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TABLE XII (Contd.)

Incubation Treatment after Post-Znzymic
Enzyme Time Water Washing Solubilization
hours %
Papain 2.0 75 heat treatment in
(2 mg./ 0.001% HoOo 73
tube%
2.0 75° heat treatment in
0.01% H50, 5
2.0 75° heat treatment in
0.1% Hy05 3

All heat treatments were for 20 minute periods in water bath

at designated temperatures.
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TABLE XIII

DIGESTION OF COLLAGEN BY PROTEQOLYTIC ENZYMES AFTER HEAT
TREATMENT AND INCUBATION WITH UREA 4

Pre-treatment of Amount of
Enzyme Collagen Solubilization
%
Trypsin* None o 2.5
20 minutes at 65° C. 68.2
Papain** None 0 0
20 minutes at 65° C. 68.2
Cl.perfringens None o 6.2
pptd.enzyme*** 20 minutes at 65° C. 71.%
Trypsin* Distd.water 24 hrs. at 3 © C. 3.3
4 M urea - 24 hrs. at 37° C. )
: 5 M urea - Y " f 35.9
 bMurea- M " 53.0
Papain** Distd.water 2U hrs. at 37° C. 1.4
4 ¥ urea 6.6
5 M urea 31.6
6 M urea 8.8
Cl.perfringens Distd.water 24 hrs. at 3 ° @. 16.4
pptd.enzyme*** U M urea - 24 hrs. at 37° C. 10.3
5 Murea - " # " 43,
6 M urea - " ¥ " 70.9

* Trypsin at 1.0 mg. per tube.

#* Papain (KCN activated) at 2.0 mg. per tube
#x% (O], perfringens pptd. enzyme at 2,0 mg. per tube
Incubation with enzyme 24 hours at 37° C. + 0.5°.
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ACTION OF PROTEOLYTIC ENZYMES ON ELASTIN

It is generally accepted that trypsin slowly
attacks elastin (28, 57). It is also stated that certain
microorganisms may attack elastin (58). Elastin has been

reported to be resistant to Cl. perfringens enzymes (52)°

Pepsin, too, is said to attack elastin slowly (28, 57; 25).
A blow-fly larva is said to attack elastin (49). The few
references indicate that the study of enzyme action on
- elastin is a neglected subject.
In the present paper a survey is made of the

action of six proteolytic enzymes on elastin,

Experimental
"Native" elastin was prepared from cattle ligamen-

tum nuchae by extractive procedures described except that no

hot solvents were used. (See preparation of elastin.) This
sample was determined by the method of Lowry (23) to con-
tain approximately 80% elastin and 20% oo llagen. Cattle

ligamentum nuchae elastin samples also were prepared by the

procedures involving heating 24 hours at 100° C. in water
and for 24 hours at 100° C. in 40% urea. These latter two

samples were assumed to be free of collagen and to contain

95-100% elastin.

The digestlon procedures and the measure of solu-

bllization were conducted in the same menner as in the
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collagen digestion studies (see page 46).

RESULTS

From the data contained in Table XIV it is appar-
ent that, in contrast to collagen, elastin was appreciably
attacked by trypsin and papein whereas 1£ was relatively
resistant to pepsin, Cl. perfringens enzymes, and Cl. histo-
lyticum enzymes. Elastin also was resistant to chymotrypsin.
The resulté obtained on "native" elastin include the effects
from the collagen content of this preparation. It will be
observed that the samples heated in water were more rapidly
solubilized than the native elastin. This effect was even
greater with samples heated in 40% urea. It has been
reported (59, 60) that heating in water brings about a
gradual cohversion of elastin to another form differing
somewhat in elastic properties.

These experiments suggest that further knowledge
of enzyme specificity and protein structure méj be gained
by extension of such studies. The effects of Cl. perfringens
enzymes in pulping of muscle in gas gangrene may be entirely
due to attack on constituents other than elastin. In the
digestive system the specificities of two of the principal
proteases may be complementary with respect to a number of
common subgtrates - collagen being readily attacked by
pepsin whereas elastin is attacked by trypsin. A knowledge

of enzyme action on elastin and collagen may contribute to
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the development of purification methods for these proteins.
Suggestions for Fuiure work

A more detalled investigation of enzyme action on
elastin would be of interest. Among the suggestions for
profitable study are:

1) A further survey of enzymes for detection of
proteolytic action on elastins,

2) Determination of properties and preparation of

these enzymes and the conditions for maximum action on

elastins.

3) Characterization of the effects of proteases on
elastins; this would include determination of pre-solubiliza-
tion effects, if any, and characterization of intermediary
products and end-products of digestion.

L) These enzymes once characterized might be of
importance in (a) preparation of connective tissue proteins,
(b) understanding of biological systems involving elastin,

and (c) clinical chemistry.

\
\
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TABLE XIV
PER CENT SOLUBILIZATION OF ELASTIN BY PROTEOLYTIC ENZYMES*

%ng?- Cryst. Cl. per- Cl. histo-
ation Trypsin Chymo- Papain Pepsin . fringens lyticunm
Time trypsin Flitrate Filtrate
hours

Hide Powder

o A«
Native Elastin
1 3.6 0 4.5 2.0 0 0
2l 36.5 3.2 31.8 8,0 : 4.3 13.3
72 76.1 3.2 54,2 32.3 12.1 16.1
Elastin, 24 hours in water at 100° C.
ol 65.2 6.1 36.2 26.2 — —
Elagtin, 24 hours in 40% urea at 1000 ¢.
ok 83.3 - 53.6 31.6 - —

* Quantity of enzyme preparation per tube was as follows: +trypsin, 1.0 mg.;
crystalline chymotrypsin, 0.2 mg.; papain, 2.0 mg.; pepsin, 1.C nmg.;
¢l. perfringens filtrate, 3.0 ml.; Cl, histolyticum filtrate, 0.2 ml.

*% 34,29 of cattle achilles tendon collagen was solubilized by 0.02 ml. (1.
higtolyticum filtrate in 24.0 hours.
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AMINO ACID COMPOSITION OF GELATINS, COLLAGENS,
AND ELASTINS

Introduction

Collagen. The amino acid composition of collagen
previously has been largely determined by analyses of its
derivative, gelatin. This is probably due to the ready
availability of gelatin and the assumption that its composi-
tion truly represents that of its precursor. However,
commercisl gelatins are frequenitly of doubtful origin and
content. Preparative procedures for gelatin may partially
destroy amino acids such as arginine and lysine (61). Colla-
gen 1tself has been assayed for a number of amino acilds.
Usually the collagen source was cattle hide.

Ih general, only a few constituents of a given
sample have been assayed. In addition, assay procedures
avallable have been crude. In consequence of these several
factors, reported values for the different amino aclds have
been widély variant; also collagers from only a few sources
have been investigated to any extent.

In the present study an almost complete amino
acid assay bhas been made of four gelatins and thirteen colla-
gen preparations from different animals and tissues.

Elastin. Information regarding the composition of
elastin is exceedingly scanty. The sole source of elastin

for all previous amino acid assay has been cattle ligamentum

nuchae.
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In the present study elastin has been prepared

from the ligamentum nuchae of cattle and sheep, and from the

the aortae of cattle, sheep, and pigse. The assays conducted

on collagen and gelatin were also conducted on the elastins.

Experimental

Collagens and elastins were prepared by the pro-
longed extractive treatments to remove impurities. Fish
scale gelatin was prepared by autoclaving miscellaneous fish
scales in water two hours at 15 pounds pressure. _

For the microbiological assays, protein hydroly-
sates were prepared as follows: About 0.5 g. of protein was
dried overnight at 100-110° C., and then weighed in glass-
stoppered weighing bottles. The sample was transferred to
17 x 150 mm. pyrex test tubes. After adding 5.0 ml., of 2 N
HC1l, the tube was sealed by fusion. The sample was then
autoclaved 10 hours at 15 pounds. The hydrolysate was neu-
tralized, filtered, and brought to 50.0 ml. volume, This
procedure is similar to that of other investigators using
microbiological assays (62). There apparently was no
appreciable destruction of any of the amino acids for which

analyses were made.
Cl. perfringens BP6K was used according to the method

of Boyd, Logan, and Tytell (63) for the determination of twelve
amino acids: isoleucine, leucine, valine, threonine, phenyl-

alanine, tyrosine, tryptophan, methionine, cystine, arginine,
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histidine, and glutamic acid. The synthetlc medium used per-
mitted dense growth in 16 hours at 45° ¢. At the same tinme,
in the absence of the'amino acid asgsayed for, growth was
invariably ebsent or negligible. Growth was measured with a
sensitive turbidimeter (6%, 63). In general, the middle half
of the growth curve was used. Assays at different levels in
this range yielded equivalent velues. No hydrolysate had a
stimulatory effect on growth other than that accountable for

by the amino acid being determined.

Leuconostoc mesenteroides P-60 was ﬁsed for the
assay of (1) lysine, (2) aspartic acid, (3) glycine, (&)
proline. Several different assay procedurés were used (65,
66, 67, 68). The assay values obtained were the same regard-
less of the different media. However, the medium of Steele
et al., (66) yielded greatest maximal growth as measured
turbidimetrically. Values obtained upon a medium allowing
maximal growth might be less affected by unknown stimulatory
or inhibitory factors in the hydrolysates. Growth for amino
acid assay was measured turbidimetrically. Assay values were
constant after 20-72 hours growth at 34-37° ¢. as measured
turbidimetrically. Acid production was equal to that ob-
tained by the original investlgators.

Leuconogtoc citrovorum 808l was used for the assay

of alanine according to the procedure of Sauberlich and

Baumen (69). The medium containing the pyridoxine vitamins
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was chosen. Growth was measured turbidimetrically after

18 hours growth.

Leuconostoc mesenteroides and Leuconostoc

ciltrovorum stock cultures were carried as stab cultures in

yeast extract-glucose-agar (1% glucose, 1% yeast extract,
1.5% agar) and the inoculum for assays was grown in a

medium containing Bacto-peptone, Bacto-yeast extract, acetate,
glucose, and inorganic salts, as described by McMéhan and
Snell (62).

Serine was determined by the colorimetric method
of Boyd and Logan (70). The values obtained represeht both
serine and hydroxylysine.

A colorimetric method of Guest and MacFarlane (71)
for hydroxyproline was applied $o0 the hydrolysates, but
results were ﬁnsatisfactory. No microbiological or chemical
method is entirely satlisfactory for this amino acid. Further
work is planned to contribute to the solution of this problem.

Standards for the amino acids were for the most
part crystalline products of Merck and Co. Optical rotation
and nitrogen content, indicating high purity of these prepara;
tions, were declared by the company. Use of these amino acids
in microbioclogical assay media revealed negligible contamina-
tion by other amino acids. In one case, & known exception
was discovered. Merck dl-alanine contained glycine in suffi-

cient quantity to interfere with the assay for glycine. A
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single recrystallization removed the glycine. This recrys-~
tallized dl-zlanine was used as standard. All standards were
stored over Pp0g in a deéiccator.

The expression "%' was used to mean "g. amino

acid/100 g. moisture-free protein® throughout the discussion

of'amino acid content.

Results

The amino acid content of the majority of various
preparations agreed closely with data obtained with reliable
methods used by other workers. Apparently the amino acid
composition of collagens from different animals and tissues
are closely alike. In lower vertebrates such as reptiles
and fish as many as three amino acids, serine, threonine, and
methionine, appeared to vary widely from the values common
for collagens from mammals and birds. In the instances in
which these amino acids varied they occurred in 50-100%
higher aﬁounts than in the usual mammalian or avian collagen.

It is possible that these variations represent impurities,

In general, elastin from the ligamentum nuchae and
the aorte of cattle, sheep, and pigs contalned the same amino
acid composition. However, pig aorta elastin contained sig-

nificantly less isoleucine and more tyrosine and glutamic

acid.
Table XV is a compilation of the amino acid com-

position determined for the gelatins, collagens, and elastins.
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In later pages is given a more detailed account of
the assays.

Table XVI provides a calculation of the amino acid
residue* content and per cent of the protein by weight
accounted for by the present study of composition. It will
be observed that values for amino acids of elastin were
usually equal or greater than previously reported values;
vet the total residues are only about 90% of the dry weight
of the protein. The nitrogen of cattle aorta elastin accounted
for by the assays was 93.3% as compared with 9101% of dry
weight accounted for. It can be supposed that non-basic
amino acids are responsib1e7for the remaining nitiogen.
Beveral per cent higher results of glycine and proline could
account for the remaindeér of the elastin; assay of these amino

acids are least reliable among the amino acid determinations.

Suggestions for Future Work
Future work of value perhaps would consist of:
1) Development and applicetion of improved assay

procedures for hydroxyproliﬁe, hydroxylysine, and gerine (by

microbiological assay).

2) An accurate and detailed study of the occurrence

of serine, threonine, hydroxylysine, methionine, and hydroxy-

* An amino acid residue is that portion of an amino acid
remaining after forming two peptide linkages as in a
polypeptide chain.
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proline in purified preparations of collagen from iower
erganisnms, |

3) An extension of complete analyses to a wider
and more répresentative group of organisms,

4) Correlation, if possible, of the assay results
with the physical and biochemlical properties of collagen.

5) Similar studies of‘elastin from different
sources. In this study particular attention might be given
to isoleucine, glutamic acid, and tyrosine.

At this time there is planned an extension of

composition studies to other structural proteins.
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Iso-
Collagens Glycine Alanine leucine Leucine Valine Be
Cattle Hide
(Prepd.with Ca(OH)p
and trypsin) 27.5 8.8 2.2 3.3 2.5 i
Cattle Hide
(Treated with ,
Na¢l solution) 29.3 10.0 2.1 3.2 2.7
Cattle Achilles Tendon ol g 8.7 2.1 3.5 2.8
Pig Achilles Tendon 26.6 8.7 1.7 3.4 2.7
Sheep Achilles Tendon 25,1 9.1 1.7 3.4 3,0
Rhesus Monkey Achilles |
Chicken Tarso-
metatarsal Tendon 26.2 9.3 2.0 3.4 2.4 :
Cattle Tail Tendon 28.0 8.7 1.9 3.6 3.2
Rat Tail Tendon 28,9 9.7 1.9 3.2 2.9
Kangaroo Tail Tendon 26.4 8.7 1.5 3.0 2.7
Turtle Subcutaneous
Membrane 26.9 9.1 1.8 3.5 2.3
Fish Skin 29.6 9.2 1.7 3.7 2.5
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TABLE XV (Part 1)
THE AMINO ACID COMPOSITION OF GELATINS, COLLAGENS, AND ELASTINS

Valine Serine  Threo~  Proline  Phenyl- Tyrosine Trypto~ Methio- Cys

nine alanine phan nine
2.5 2.8 2.2 5.8 2.3 0.89 —_— 0.49 0.
2.7 2.9 2.2 - 16.5 2.4 1.00 - 0.94% 0.
2.7 3.1 2.3 - 2.6 0.98  <0.0L 072 0.
2.8 3.2 2.3 13.3 2.4 0,91 <0.01 .84 O
2.7 3.1 2.3 14,3 2.4 0.96 20,01 0.89  O.
3.0 3.0 2.5 141 2.3 0.89 0,01 0.86 0.
- - 2.3 -- 2.4 1.02 — 0.98 -
2.4 2.8 2.5 15.7 2.6 0.90 < 0.01 1.16 0.:
3.2 3.2 2.3 1k.9 2.4 0.94 —_— 0.89 -
2.9 3.2 2.5 15.5 2.6 '1.06 — 0.96. 0.1
2.7 3.1 2.3 —_ 2.5 0.93 — 0,91  O.
2.3 - 3.4 15.6 — 0.97 - 0.68 -
2.5 5.9 3.5 13.7 2.k 0.86 — 2.3 0.
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ELASTINS

Aspartic

| ' ‘ igti- i Lysi Glutamic

O~ Mﬁ;géo. Cystine gi§Zi Arginine vsine pars atan
0.9 0.0k 0.62 8.7 5.3 7.0 11.4
0.94 0.02 0.74 8.6 5.5 7.5 10.8
0.72 0,11  0.64 9.0 5.5 — 11.9
0.84 0.11 0.75 9.0 .9 6.7 11.9
0.49 0.10  0.66 9.0 5.2 6.7 11.9
0.86 0.10 0.67 8.9 5.3 6.7 11.5
0.98 - - 8.6 5.1 7.0 —
1.16 0.12 0.68 8.9 5.5 6.7 12.2
0.89 —— 0.80 8.7 5.3 6.9 11.7
0.96. 0.08 0.56 8.9 5.7 6.9 11.9
0.91 0.10 - 8.6 5.5 7.0 11.6
0.68 - 0.68 9.0 5.1 5.2 11.9
2.3 0.12 0.94 9.5 . 5.6 7.1 11.5
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Glycine Alanine Iso- Leucine Valine  Serir
leucine
GELATINS

Difco 25,7 &.6 1.5 3.1 2,8 3.2
Calf skin (Eastman, , .

purified) 26.9 8.7 1.9 3.1 2.6 2.9
Pig Skin 0o 30.5 9.2 1.5 3.2 2.7 2.9

|
Pish Scale . 7.4 | — 1.2 2.5 2.2 3.F
ELASTINS

Cattle Ligamentum
nuchae (2% hrs. in
water at 100° C.) - 18.4 b3 R 18.4 1.0
Cattle Ligamentum
nuchae (40 hrs. in
T0% urea at 100° C.) 29.9 18.9 4.0 8.7 17.4 0.8
Sheep Ligamentum
nuchae (2% hgs. in
water at 100 C.) - - 3.8 8.5 % 15.5
Sheep aorta :
(40 _brg. in 40% urea '
at 100° C.) 27.9 20.0 3.6 8.1 1&,b
Cattle aorta
(40 hrs. in 40% urea -
at 100° C.) 30.2 19.3 3.9 8.7  17.6 0.8&
Pig aorta }
(40 hrg. in 40% urez '
at 100° ¢.) 28,8  20.1 - 2.7 7.9 16.5 0.8
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TABLE XV (Part 2)
THE AMINO ACID COMPOSITICN OF GELATINS, COLLAGENS, AND ELASTINS

Serine Threo- Proline Phenyl- Tyrosine Trypto- Methlo- Cystine 1
nine alanine phan nine - ¢
3'2 . 2.0 1603 2.3 0091 —— . 0.92 0.09
2.9 2.2 1k4.0 1.9 0.14 _— 0.85 0.05
2.9 2.2 16.3 2.1 0.69 _— 0.80 0,09
3.5 3.3 L 2.2 0.72 _ 2.2 0.17
1000 11]5 haadiund 507 1085 4OoO:L 0003 0.25
0.82  0.96 17.0 5.0 1.61 < 0.01 0.03 0.15
106 - 502'[' 2036 - 0012 ——
1.16 15.8 5.0 2.10 — 0.00 -—
0.80 1.01 16.¢ 5.1 1.63 - 0.00 -
0.82 1,31 15.4 5.4 2,91 -— 0.00 -
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\STINS
¥Methio-  Cystine Histi- Arginine Lysine Aspartic Glutamic
nvine - dine ' Acid Acid
0.92 0.09 0.45 8.3 5.2 6.4 11.5
0.85 0.05 0.63 6.4 5.2 6.9 12.1
0.80 0.09 0.67 8.8 5.1 6.3  11.7
2.2 0.17 1.01 8.9 4.9 6.5 11.4
0.03 0.25 0005 1005 0-)‘!'0 -t 2¢2
0.03 0.15 0.07 0.89 0.39 0.63 2.1
0.12 —— 0.21 baatnd 00’42 C—— 109
0.00 —-— - 0.90 0.37 0.61 —
0.00 - - 0.87 0.47 0.6l 2.1
0.00 - - 0.93 0.51° | 0.4k 2.8
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Ly

Glycine Alanine Iso- Leucine Valine Seri
leucine ‘
GELATINS
Difco 19.5 6.9 1.3 2.7 o4 R
Sﬁiffigén (Bastuan . 20.4 6.9 1.6 2.7 2,2 2.
COLLAGENS
Cattle Hide (prepd. |
with Ca(OH)p + t:ypsin) 20.9 7.0 1.9 2.8 2.1 2.
g§€£1§a§§dgo£§f§pd. 22.3 &.0 1.8 2.8 2.3 2.
Cattle Achilles Tendon 1&.9 6.9 1.8 3,0 ol 5.
Plg Achilles Tendon  20.2 6.9 1.5 2.9 2.3 2.
Sheep Achilles Tendon  19.1 7.3 1.5 2.9 2.5 o,
S totorsas Tondon 19.9 7.4 1.7 2.9 2.0 5.
Cattle Tail Tendon 21.3 6.9 1.6 2.8xn 2.7 o,
Rat Tail Tendon 22.0 7.7 1.6 2.8 2.5 PR
Fish Skin | 22.5 7.3 1.5 3.2 5.1 .
ELASTINS (Treated Y40 hrs. in 40% urea at 100° C.) |
ggzgég,Ligamentum 22.7 15.1 3.5 7.5 1k,7 Oi
Sheep Aorta 21.2 16.0 3.1 7.0 15.6. oi
cattle Aorta 23.0 5.4 3.3 7.5 1%.9 °i
Pig Aorta 21.7 16.1 2.3 6.8 1.0 0.

* (Calculated from "best" values in literatgre.v
o Aggumed.
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TABLE XVI
THE AMINO ACID RESIDUE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Valine Serine Threo- Proline Phenyl- Hydroxy- Tyrosine Methio-  C:

nine alanine proline* nine
ol 2.7 1.7 13.8 2.1 12.6 0.7 0.8
2.2 2.4 1.8 11.8 1.7 12.6 0.1 0.8
2.1 2.3 1.8 13.3 2.1 12.6 0.7 0.8
2.3 2.3 1.8 13.9 2,1 12.6 0.8 0.8 f
2.4 2.7 1.9 11.2 2.1 12.6 0.7 07
2.3 2.6 1.9 12.1 2.1 12.6 0.8 0.8
2.5 2.5 2.1 11.9 2.1 12.6 0.7 0.8
2.0 2.h 2,1 13.2 2.3 12.6 0.7 1.0
2.7 2.7 1.9 12.6 2.1 12.6 0.8 0.8
2.5 2.7 2.1 13,1 2.3 12.6 0.9 0.9
2.1 ¥.9 2.9 11.6 2.1 12.6 0.7 0.7
1.7 0.7 0.8 14.3 4.5 1.7 1.3 0.0
15.6 0.7%* 1.0 13.3 1.5 1.7 1.7 0.0 c
1k4.9 0.7 0.9 4.2 45 1.7 1.3 0.0 C
14.0 0.7 1.1 13.0 4.8 1.7 2.3 0.0 c
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ELASTINS

ine  Methio- Cystine Histi- Arginine Lysine Hydroxy- Aspartic  Glutar

nine dine lysine* Acid Acic
0.8 0.1 0.7 7.l k.6 0.9 5.5 10.1
0.8 — 0.5 5.7 4.6 0.9 6.0 10.¢
0.8 —_— 0.5 7.8 4.6 0.9 6.1 10.¢
0.8 — 0.6 7.7 4.8 0.9 6.5 9.¢
0.7 0.1 0.6 g.1 4.3 0.9 5.8 10.4
0.8 0.1 0.6 4.1 4.6 0.9 5.8 10.4
0.8 0.1 0.6 g.0 4.6 0.9 5.8 10.1
1.0 0.1 0.6 £.0 h.g 0.9 5.8 10,7
0.8 0.1 0.7 7.8 - b6 0.9 . 6.0 10.3
0.9 0.1 0.5 g.0 5.0 0.9 6.0 10.4
0.7 0.1 0.8 8.5 4.9 - 0.9 6.1 10.1
0.0 0.1 0.0 0.8 0.4 0.0 0.5 1.8
0.C 0.2%% 0.0 0.8 0.3 0.0 0.5 1.7
0.0 0.2%x* 0.0 0.8 0.4 0.0 0.5 1.8
0.0 0.2%* 0.0 0.8 o4 . 0.0 0.4 2.5
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Cystine Histi- Arginine Lysine Hydroxy- Aspartic Glutamic Total

dine lysinex* Acid Acid

0.1 0.7 7.4 4.6 0.9 5.5 10.1 96.5

- 0.5 , 5.7 NS 0.9 6.0 - 10.6 93.3

— 0.5 7.8 4.6 0.9 6.1  10.0 98.2
g 0,6 7.7 4.8 0.9 6.5 9.5 101.5
0.1 0.6 8.1 4.3 0.9 5.8 10.4 ok.2
0.1 0.6 g.1 4.6 0.9 5.8 10.4 96.3
0.1 0.6 8.0 4.6 0.9 5.8 | 10.1 95.2
0.1 0.6 &.0 4. g - 0.9 5.8 10.7 98.2
0.1 0.7 7.8 4,6 0.9 6.0 10.3 99.1
0.1 0.5 8.0 5.0 0.9 6.0 10.4 102.0
0.1 0.8 8.5 k.9 0.9 6.1 10,1 104.7
0.1 0.0 0.4 0.l 0.0 0.5 1.6 - &9.4
0.2%* 0.0 0.8 0.3 0.0 0.5 1, 7% 92.3
0.2%x* 0.0 0.8 R - 0.0 0.5 1.8 91.1
0,2%* 0.0 0.8 0.4 0.0 0.4 2.5 88.8
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GLYCINE

Method: Microbiological assay (65).

Organism: Leuconostoc mesenteroides P-60

Standard: Glycine, 4. P. (Amino Acid Manufacturers).

Comment: The range of values for the collagens and
gelatine was 23.3-30.5%. The range of values for
elastins was 27.9-30.2%. Growth was measured
turbidimetrically. The aséay values were similér
regardless of whether readings were made after
24 hours to 36 hours at 37o C. or 72 hours at 34°
C. The values obtained under the same conditions
were rather variable. Actually, per cent varia-
tion was not great, but the absolute quantity of
amino acid involved was of importance. In a
recent account of glycine determination with

Leuconostoc mesenteroides (66) irregularities were

reported. Improvement of the assay values reported
in this thesis is planned.

Previous methods:  Ester distillation; gravimetric; colori-
metric; solubility product.

Reported range of values:

Chemical Microbiological "Best" Values
(g/100 g.protein)
Gelatin 16.5-27.0 - 26.0-27.0 272)
Collagen  6.65-27.2 - 26.2-27.2 (72,73)
Elastin 29.4 - 29.4 (28)
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TABLE XVII
GLYCINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Glycine

GELATINS

Difco 25.7
Calf Skin (Eastman) 26.9
Pig Skin (Eastman) 30.
Fish Scale 27 .

COLLAGENS

Cattle Hide §Prepd. with Ca(OH), + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

6 » o & o

NNV NNNND N
\OO\O\OQOQG\-F\)IIO\)\N-F‘\NN\NOB

]
ONO -0 O V0 i+ ONOR\N NI

A4

ELASTINS

Cattle Ligamentum nuchae (2L hrs, in water
at 100~ ¢C.) —_

Cattle Ligamentum nuchae (40 hrs. in 40%
urea at 100Y C.) 29.9

Sheep Ligeamentum nuchae (24 hrs. in water

at 100° ¢.) -
Cattle Aorta (40 hrs. in 40% urea in 100° ¢.) 27.9
Sheep Aoxta " " n 30.2
Pig Aorta " " " " 28.8

The term "per cent! means g. amino acid per 100 g. moisture-
free protein.
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ALANINE

Method: Microbiological assay (71).

Organism: Leuconostoc citrovorum 8081,

Standard: Recrystallized dl-alanine (Merck and Company),

Comment: The medium contéining pyridoxine, pyridoxal, and
pyridoxamine described by Sauberlich and Bauman
(69) was used for the assay. Dense maximum
growth was obtained in 18 hours. Growth was
measured turbidimetrically. The range of values
for gelatins and collagens was &.6-10.0%. The
range of values for all urea-prepared elastins
regardless of source was 18.9-20.1%. Elastin
purified by 100° ¢. water instead of urea con-
tained 18.4% alanine.

Previous methods: Ester distillation; gravimetric; oxida-

tion to acetaldehyde; partition chromatography.

Reported range of values:

Chemical Microbiological #Best! Values
(g./100g.protein)
Gelatin 0.8-9.3 9.0-9.6 8.7-9.6
(74,75,76,69)
Collagen 9.5 - 9.5 (75)
Elastin 0-6.0 (2%,77) — —
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TABLE XVIII
ALANINE CONTENT OF GELATINS, COLLAGENS, and ELASTINS

Sample Alanine

GELATINS

Difco &.6
Calf Skin (Eastman) 8.7
Pig Skin (Eastman) 9.2
Fish Scale —

COLLAGENS

Cattle Hide (Prepd. with Ca(OH)p + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone .

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish 8kin

(o X3
L]
O s

|

1O b~ ot e ol
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ELASTINS

Cattle Ligamentum nuchae (24 hre. in water '
at 100° ¢.) 18.h4

Cattle Ligamentum nuchae (40 hrs. in L40%
urea at 100° ¢.) 18.9

Sheep Ligamentum nuchae (24 hrs, in water
at 100~ C.)

Cattle Aorta (40 hrs. in U40% urea at 100° ¢.) 19?3
Sheep Aorta " " " " 20.0
Pig Aorta " " . " 20.1

The term "per cent" means g. amino acid per 100 g. molsture-
free protein.
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ISOLEUCINE
Method: Microbiological assay (63).

Organism: Cl. perfringens BP6X.

Standard: dl-isoleucine (Merck and Company)

Comment: Most of the values for collagen and gelatin were
1.7-2.2%. Gelatins were somewhat low ranging |
from 1.2-1.9%. Isoleucine appears to be one of
the amino acids with greatest variation from one
sample to the other. The isoleucine content of
elastins was 3.8-4.3% except for pig elastin
which contained 2.7%. It may be that the low
value for pig elastin is not due to lmpurity. It
will be noted that methlonine and lysine content
of pig elastin are of the same order as in other
elastins. Most proteins for which values have
been reported have higher isoleucine content than
elastin; so a contaminating protein would be like-
ly to increase rather than decrease assay values.

Previous methods: Oxidation to methylethyl ketone; micro-

biological.
Reported range of values:
Chemical Microbiological "Best" Values
(g./100 g.protein)
Gelatin 1.1 1.4-1.7 1.4%-1.7 (78,79)
Collagen - - -
Elastin 3.4 (80) _—
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TABLE XIX
ISOLEUCINE CONTENT OF GELATINS, COLLAGENS, and ELASTINS

Sample Isoleucine

4

GELATINS *

Difco 1.5

Calf Skin (Eastman) 1.9

Pig Skin (Eastman) 1.5

Fish Scale 1.2
COLLAGENS

Cattle Hide éPrepd; with Ca.(OH)2 + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone
Cattle Achilles Tendon
Pig Achilles Tendon
Sheep Achilles Tendon
Monkey Achilles Tendon
Chicken Tarso-metatarsal Tendon

~ Cattle Tail Tendon
Rat Tail Tendon
Kangaroo Tail Tendon
Turtle Subcutaneous Membrane
Fish Skin

* o &

O HRDNONND
¢ o »
~N OWWO =N~NHEEN

ELASTINS

Cattle Ligamentum nuchae (24 hrs6 in water
at 100~ C.)

Cattle Ligamentum nuchae (40 hrs. in 40%

urea at 100° C.)

n
(2u *

Sheep amentum nuchae (24 hours in water
"'g“ at 100° C.) 3
3
3
2

Cattle Aorta (40 hrs. in 40% urea at 100° C.)
Sheep Aorta " " v
Pig Aorta " # "

The term "per cent" means g. amino acid per 100 g. moisture-
free protein. '
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LEUCINE
Method: Microbiological assay (63).
Organisms Cl. perfringens BP6K.

Standard: 1l-leucine (Merck and Company),

Comment: The range of values for collagens and gelatins
was 2.5-3.7%. The most frequent values were
3.2~3.5%. Fish scale gelatin was Low -2.5%
whereas fish collagen contained 3.7%. ZElastin
contained 7.9-2.7% leucine.

Previous methods: Gravimetric; microbiological; solubility

product; oxidation to acetone.

Reported range of values:

Chemical  Microbiologlcal "Best" Values

(g./100 g.rrotein)
Gelatin 3.5-7.1 3.2-3.€ 3.2-3,6
281,82,83§
79,84,78
Collagen 3.5 (83) - -
Elastin - 7.3-8.6 -
(80,85)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~&7=

TABLE XX
LEUCINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Leucine
| %

GELATINS

Difco . 3
Calf Skin (Eastman) 3.
Pig Skin (Eastman) 3.
Fish Scale 5

COLLAGENS

Cattle Hide (Prepd. with Ca(OH)p, + trypsin)
Cattle Hide (Mild preparation) ‘
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Talil Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane

Fish Skin

ELASTINS

Cattle Ligamentum nuchae (24 hrs., in water
at 100°

C.
Cattle Ligamentum nuchae (40 hrs. in 40%
urea at 1000 (.)

Sheep Ligementum nuchse (24 hrs. in water
at 100° ¢.)

8
&
&
Cattle Aorta (40 hrs. in 40% urea at 100° ¢.) g.
] L
7

s & o

LWL WA WA
[ ]
N0 OV AT W

¢ o

Sheep Aorta " "

Pig Aorta " " 1 [

The term "per cent" means g. amino acid per 100 g. moisture-
free protein.
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VALINE

Method: Microbiological assay (63).

Organism: Cl. perfringens BP6K.

Standard: dl-valine (Merck and Company).

Comment: The majority of values for valine of collagens and
gelatins fell in the range of 2.5-2.&%. Fish scale
gelatin was low with 2.2% whereas cattle tail ten-
don contained 3.2%. Elastin from all sources
contained quantities of valine within the limits
of 15.5-18.4%. Approximately 18% was found in
the majority of samples. |

Previous methods: Oxldation to acetone; partition chroma-
tography; microbiological.

Reported rangevof valueg:

Chemical Microbiological "Best" Values

(g./100 g. protein)

Gelatin 2.,1-3.8 2.5-2.7 2.5-2.7
(82,62,78,79)

Collagen 3.4 (75) _— -—

Elastin 13.5 (28) 13.8 (&0) _—
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TABLE XXI
VALINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Valine
%
GELATINS
Difco 2.8
Calf Skin (Eastman) 2.6
Pig Skin (Zastman) 2.7
Fish Scale v 2.2
COLLAGENS

®

Cattle Hide 2Prepd with Ca(OH) + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

e & o o

*

PR MOLIN WP
*
UNN~IW0 D £ O~ o~~~

ELASTINS

Cattle Ligamentum nuchae (24 hrs6 in water
at 100

18.4
Cattle Ligementum nuchae (40 hrs. at 40o%
urea at 100° C.) 17.4

Sheep Ligamentum nuchae (24 h:rs6 in water

at 100~ C.) 2
Cattle Aorta (U0 hrs. in 40% urea at 100° ¢. )18
Sheep Aorta " # 17.6
Pig Aorta " " " ” 16.5

The term "per cent! means g. amino acid per 100 g. moisture-
free protein.
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SERINE AND HYDROXYLYSINE

Method: Periodate oxidation to formaldehyde which is dis-
tilled and determined colorimetrically (70).

Standard: Standardized formaldehyde.

Comment: All samples were hydrolyzed 6 hours according to
the method of Boyd and Logan (70). Hydrolysis of
samples of Difco gelatin for 4 and 6 hours gave
essentially the same values. Elastin hydrolyzed
for 18 hours yielded values about 10% lower than
hydrolysis for 6 hours. Rates of release and
destruction of serine (and hydroxylysine) were
not determined in detail. However, study of the
above data and comparison with that of Boyd and
Logan indicated that s81x hour hydrolysis period
was apprcpriaté. Excessive amounts of carbo-
hydrate that might yield formaldehyde are des—
troyed by this hydrolysis (70). Both serine and
hydroxylysine yield formaldehyde. Hydroxylysine
is reported (86,75,108) to be approximately 1.0%
of gelatin. This hydroxylysine content is assumed
for all the samples and the serine content is
calculated and expressed in g./100 g. protein in
the accompanying table. Elastin is reported to
have insignificant quantities (0.0) of hydroxy-
lysine (108) so entire formaldehyde was attributed
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to serine. The range of values for gelatin and
collagen was 2.8-3.2% except for fish collagen

and fish scale gelatin which contained 5.9 and
3.5% respectively. These preparations may be
impure, but the value for fish collagen is signif-
icantly high. It will be noted that the fish
collagen is appreciably high in threonine, another
hydroxyamino acid. Microbiological assay for
serine offers difficulties. A peculiar S-shaped
growth curve with no linear portion is usually

obtained. Assays with Cl. perfringens and Leuco-

nostoc megenteroides yielded unreliable results.

The more intensively purified élastins were
0.80-0.82% serine regardless of source.

Previous methods: Gravimetric; periocdate oxidation; micro-
biological.

Reported range of values:

Chemical Microbiblogical "Best!" Values
(2./100 g. protein)
Gelatin 0.4-3.2 3.6-3.8 3.2-3.8
(87,75,88)
Collagen 3.2-3.7 - %.g-’-géz
Elastin — - -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-92-

TABLE XXII
SERINE* CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Serine

%
GELATINS
Difco 3.2
Calf Skin (Eastman) 2.9
Pig Skin (Eagtman) 2.9
Fish Scale 3.5
COLLAGENS
Cattle Hide (Prepd. with Ca.(OH)2 + trypsin) 2.8
Cattle Hide (Mild preparation) 2.8
Cattle Bone 3.1
Cattle Achilles Tendon 3.2
Pig Achilles Tendon 3.1
Sheep Achilles Tendon 3.0
Monkey Achilles Tendon
Chicken Tarso-metatarsal Tendon 2.8
Cattle Tail Tendon 3.2
Rat Tail Tendon 3.2
Kangaroo Tail Tendon 3.1
Turtle Subcutaneous Membrane
Fish Skin 5.9
ELASTINS
Cattle Ligamentum nuchese (24 hrs, in water
at 100~ C.) 1.00
Cattle Ligamentum nuchae (40 hrs. at 40%
“urea at 100° C.) 0,82
Sheep Ligementum nuchae (24 hrs., in water
at 100° C.) o
Cattle Aorta (U0 hrs. in 4O% urea at 100" C.) ~ 0.80
Sheep Aorta L " " "
Pig Aorta " " " " 0.82

The Term Yper cent" means g. amino acid per 100 g. moisture-
free protein.

* A1l gelatins and collagens were assumed to contain }.O% )
hydroxylysine. Serine values were calculated on this basis.
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THREONINZ

Method: Microbiological assay (63).

Organism: (Cl. perfringens BP6X.

Standard: dl-threonine (Merck and Company)

Comment: The best values for threonine of the collagens was
2.2-2.3%. Turtle and fish collagen and fish scale
gelatin formed a specilal group containing 3,3-3.5%
threonine. It will be recalled that fish collagen
was unusually high in serine content (plus hydroxy-
lysine). These amino acids are all h&drdxyamino‘
acids. The predominant values for threonine con~
tent of elastins was 1.0-1.2%.

Previous methods: Periodate oxidation; lead tetra-acetate

oxidation; microbiological,

Reported range of values:

Chemical Microbiological "Best" Values

(g./100 g. protein)

Gelatin 0.5-2.2 1.9-2.0 1.9-2.2
(78,79,75,88)
Collage 2.3-2.4 2.3-2.4
e (75,88)
Elastin - 1.1 1.1 (80)
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TABLE XXIII
THREONINE CONTIENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Threonine
%
GELATINS
Difco 2.0
Calf Skin (Eastman) 2.2
Pig Skin (Bastman) 2.2
Fish Scale : 3.3
COLLAGENS
Cattle Hide éPrepd. with Ca(OH)2 + trypsin) 2.2
Cattle Hide (Mild preparation) 2.2
Cattle Bone 2.3
Cattle Achilles Tendon 2.3
Pig Achilles Tendon 2.3
Sheep Achlilleg Tendon 2.5
Monkey Achilles Tendon 2.3
Chicken Tarso-metatarsal Tendon 2.5
Cattle Tail Tendon 2.3
Rat Tail Tendon 2.5
Kangaroo Tail Tendon 2.3
Turtle Subcutaneous Membrane 3
. Fish 8kin 3.5
ELASTINS
Cattle Ligamentum nuchae (Eu-hours in water
at 100° ¢.) 1.15
Cattle Ligamentum nuchae (40 hrs. in Y40%
urea at 100° C.) 0.96
Sheep Ligamentum nuchae (24 hrs. in water
at 100° ¢.) 1.6
cattle Aorta (U0 hrs. in 40% urea at 100° ¢.) 1.16
Sheep Aorta " " 1.01
Pig Aorta f 1] i | { 1.31

The term "per cent! means g. amino acid per 100 g. moisture-
free protein.
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PROLINE
Method: Microbiological assay (68,65,65)

Organism: Leuconostoc mesenteroides P-60

Standard: l-proline (Pfanstiehl)

Comment: Growth was measured turbidimetrically after
24-36 hours at 37° C. on the medium of Henderson
and Snell (65), 72 hours at 34° C. on the medium
of Dunn gt al. (68), and 20 hours at 37° ¢. on
the medium of Steele et al. (66). The best pro-
cedure was spparently that of Steele et al.
Growth was faster and greater on this medium,
The range of values for cdllagen and gelatin was
13.3-16.3% proline. Elastin from all sources
contained 15.4-17.0% proline.

Previous methods: Gravimetric; partition chromatography;
solubility product; oxidation to pyrrole.

Reported range of values:

Chemical Microbiological "Begt! Values

(g./100 g. protein)

Gelatin 6.3-26.5 -— 14,.8-17.6
(72,89,90,75)
Collagen 15.1-26.5 —— 15.1-17.
gen B (78.90,7
Elastin 15.2 (28) 15.6 (%0) 15.2-15.6
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TABLE XXIV
PROLINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Proline
%
GELATINS
Difco _ 16.3
Calf Skin (Eastman) 14.0
Pig Skin (Eastman) 16.3
Fish Scale .1
COLLAGENS
Cattle Hide (Prepd. with Ca(OH)2 + trypsin) 15.8
Cattle Hide (Mild preparation ' 16.5
Cattle Bone —
Cattle Achilles Tendon 12.3
Pig Achilles Tendon 14.3
Sheep Achilles Tendon 14.1
Monkey Achilles Tendon ——
Chicken Tarso-metatarsal Tendon 12.7
Cattle Tail Tendon 14.9
Rat Tail Tendon 15.5
Kangaroo Tail Tendon C—
Turtle Subcutaneous Meuwbrane 15.6
Fish Skin ' 13.7
ELASTINS
Cattle Ligamentum nuchae (24 hours in water
“at 100° C.) -
Cattle Ligamentum nuchae (40 hrs. in 40%
urea at 100° C.) 17.0
Sheep Ligamentum nuchae (24 hrs. in water
at 100° C.) -
Cattle Aorta (Y0 hrs. in 40% urea at 100° C.) 15.8
Sheep Aorta " " " " 16.8
Pig Aorta L " L " 15.4

The term "per cent" means g. amino acid per 100 g. moisture-
free protein,

3

A
\
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HYDROXYPROLINE

Method: Oxidatlion with Hpo( to pyrrole which is determined
colorimetrically (71).

Standard: J1-hydroxyproline (Pfanstiehl)

Comment: The hydrolysates used in this determination were
those prepared for the microbiological assays.
Results from this method varied widely from one
determination to another. in general, values
obtained were lbw compared with those reportedf
The assay values showed aAcharacteristic decline
at higher levels of the standard curve, although
the standard curves were linear. Hydrolysates;of
elastin also showed lower than the reported con-
tent of hydroxyproline as well as the character-
istic decline at higher levels. The synthetilc
mixture of component amino acids and NaCl compar-
ing with gelatin hydrolysates yielded results
identical with the pure hydroxyproline standard.
Hydrolysates of Difco gelatin were also prepared
by autoclaving C.5 g. gelatin with 10.0 ml., 3 M
HC1 at 45 pounds for 12 and:30 hours. These
yielded the same effects and values as the micro-
biological assay hydrolysates.

Further study of this method is planned. The

values presented are recognized as unreliable.
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Qualitatively they show the presence of hydroxy-
proline and afford some comparison of samples.
Previous methods: Gravimetric; colorimetric.

Reported range of Values:

Chemical Microbiological "Best!h Values
(g./100 g, protein)
Gelatin 6.4-14.7 -— 14,1147
(7%,91,71,92)
Collagen 10.8 (73) S —
Elastin 2.0 (28) — - -
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TABLE XXV:
HYDROXYPROLINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample : ' Hydroxyproline
%

GELATINS

Difco, 8.5

Calf Skin (Eastman) -

Pig Skin (Eastman) 9.7

Figh Scale -
COLLAGENS

Cattle Hide éPrepd with Ca(OH)2 + trypsin) 13 5

Cattle Hide (Mild preparation) .5

Cattle Bone

Cattle Achllles Tendon 10.3
Pig Achilles Tendon : 6.
Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon 10.6
Cattle Tail Tendon
Rat Tail Tendon a8,
Kangaroo Tail Tendon 10.0
Turtle Subcutaneous Membrane —
Fish skin —
ELASTINS
Cattle Ligamentum nuchae (24 hougs in water
at 100" C.) _—

Cattle Ligamentum nuchae (40 hrs. in L!O%
urea at 100° C.) -

Sheep Ligementum nuchae (24 hours in water
‘at 100° ¢C.) -

Cattle Aorta (40 hrs. in Y40% urea at 1000 ¢.) -~

Sheep Aorta " " " -
Pig Aorta " " " u 0.9

The term "per cent" means g. amino acid per 100 g. moisture-
free protein,
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PHENYLALANINE

Method: Microbiological assay (63).

Organism: (Cl. perfringens BP6K.

Standard: dl-phenylalanine (Merck and Company).

Comment: Most values for phenylalanine of the wide variety
of collagens were 2.3-2.5%. Two of the commercial
gelatins were a little low according to this
standard. It is noteworthy that tyrosine values
for these two gelatins were low also. The elastins
subjected to most intensive purification were in
the majority of cases 5.0-5.1% phenylalahine
regardless of source.

Previous methods: Ester distillation; colorimetric; gravi-

metric; partition chromatography; microbiological,

Reported range of values:

Chemical Microbiological "Begt® Values
(g./100 g. protein)
Gelatin 0.U4-2.6 2.,2-2.3 2.2-2.6
(93,94,95,78,
79,75}
Collagen L.2 (75) —— —
Elastin 2.23 (96) 4,8 (80) —
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TABLE XXVI
PHENYLALANINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Phenylalanine
_ _ %
GELATINS
Difco 2.3
Calf Skin (Eastman) 1.9
Pig Skin (Eastman) . 2.1
FPish Scale 2.2
COLLAGENS

L4

Cattle Hide (Prepd. with Ca(QH)5 + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone -

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Talil Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

n NN{ONNNNNNNN
L) [ ] ® 9 e 9o 9o & @

ELASTINS

Cattle Ligamentum nuchee (24 hours in water
at 100° ¢.)

5

Cattle Ligamentum nuchae (40 hrs. in 40%

urea at 100° C.) 5

Sheep Ligamentum nuchae (24 houre in water

at 100" C.) 5
5
5
5

Cattle Aorta (40 hrs. in 40% urea at 100° ¢.)
Sheep Aorta i " " ]
Pig Aorta " " 18 ]

The term "per cent" means g. amino acid per 100 g. moisture-
free protein,
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IYROSINE

Method: Microbiological assay (63)
Organism: C(Cl. perfringens BP6K,

S8tandard: l-tyrosine (Merck and Company).

Comment: Most values for tyrosine of the wide variety of
collagens were 0.9-1.0%. One commercial gelatin,
Bagtman calf skin gelatin is significantly low
in tyrosine. The different values from gelatin |
to gelatin 1llustrate the unreliability of colle-
gen values based on commercial gelatin prepara-
tions. Best tyrosine valﬁes for elastin are
1.6-2.0%. An appreciably different quantity is
found in pig aorta elastin preparation, which
contains 2.9%. This may represent impurity.

Previous methods: Gravimetric; colorimetric; partition

' chrdmatography; microbiological.

Reported range of values:

Chenmical Microbiological "Best! Vglues
(g./100 g. protein)
. Gelatin 0-1.1 0.k} © 0.M9-1.1
(78,76)
Collagen 0.8-1.4 L (97%ig)
Elastin 1.6 (28) 1.4 (80) —

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-103-

TABLE XXVII
TYROSINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample ‘ Tyrosine
GELATINS ?g
Difco * 0.91
Calf Skin (Eastman) 0.14
Pig Skin (Eastman) ' ‘ © 0.69
Fish Scale 0.72
COLLAGENS

Cattle Hide éPrepd. with Ca(OH), + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilleg Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tail Tendon

Kangaroco Tall Tendon

Turtle Subcutaneous lMembrane

. L) * L] . L] » ° - .
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Fish Skin .
ELASTINS
Cattle Ligamentum nuchae (24 houzrs in water
- at 100~ C.) 1.85
Cattle Ligementum nuchee (40 hrs. in 4o%
urea at 1007 C.) 1.61
Sheep Ligamentum nuchae (24 hours in water
at 100° ¢.) 2.36
Cattle Aorta (40 hrs. in 40% urea at 100° C.) 1.53
Sheep Aorta " " " " 2,10
Pig Aorta " L] f 1 2.91

The term "per cent" means g. amino acld per 100 g. molsture-
free protein. :
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TRYPTOPHAN

Method: Microbiological assay (63).

Organism: Cl. perfringens BP6K.

Standard: 3l-tryptophan (Merck and Company).

Comment: Hydrolysis of sample was with 5.C N NaOH accorde—
ing to the method of Stokes et al. (79). All
samples contained minor traces of tryptophan.
Tryptophan added to hydrolysates was completely
recovered, thus showing absence of inhibition.
Tryptophan appears to be a contaminant of collagen
and elastin.

Previous methods: Colorimetric; absorption spectrophotom-
etry; microbilological. |

Reported range of values:

Chemical Microbioclogical "Best" Values
(g./100 g. protein)
Gelatin 0.0-0,12 0.003-0,021 0.0 (98,81)
Collagen 0.C ~—— 0.0 (1k)
‘Elasgtin 0.0 _— 0.0 (28)
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TABLE XXVIII
TRYPTOPHAN CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Tryptophan
%

GELATINS

Difco

Calf Skin (Eastman)
Pig Skin (Eastman)
Fish Scale

COLLAGENS

Cattle Hide (Prepd. with Ca(OH)2 + trypsin)
Cattle Hide (Mild preparation)

Cattle Bone <0.01
Cattle Achilles Tendon <0.01L
Pig Achilles Tendon <0.01
Sheep Achilles Tendon <0.01
Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon 20.01

Cattle Tall Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

ELASTINS

Cattle Ligamentum nuchae (24 hrs, in water
at 100° ¢.) <0.01

Cattle Ligamentum nuchae (40 hrs. in 40%
urea at 100° ¢.) <0.01

Sheep Ligamentum nuchae (2 hrs. in water
at 100° ¢C.)

Cattle Aorta (40 hrs. 1n 40% urea at 100° ¢.)
Sheep Aorta "
Pig Aortae " 0 " ]

The term "per cent! means g. amino acid per 100 g. moisture-
free protein.
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METHIONINE

Method: Microbiological assay (63).

Organism: (1. perfringens BP6K.

Standard: dl-methionine (Merck and Company) .

Comment: Most values for methionine of the gelatins and
collagens were 0.20-1.0%. Fish collagen and fish
scale gelatin, containing 2.2-2.3% were sharply
in contrast to other samples. It is interesting
that these samples should resemble each other
while turtle collagen resembles the larger group
of collagens. Pure elastin may be said to lack
methionine,

Previous methods: Colorimetric; partition chromatography;
microbiologicel.

Reported range of values:

Chemical Microbiological "Best" Values

(g./100 g. protein)

Gelatin 0.8-1.0 0.59 0.6-1.0

(81,18,100,101)
Collagen 0.8 0.8 (14)
Elastin 0.38 (28) 0.3 (&0) —
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TABLE XXIX
METHIONINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Methionine
] v
GELATINS
Difeco 0.92
Calf Skin (Eastmen) 0.85
Pig Skin (Eastman) 0.%80
Fish Scale 2.2
COLLAGENS

Cattle Hide (Mild peparation)
Cattle Bone
Cattle Achilles Tendon
Pig Achilles Tendon
Sheep Achilles Tendon
Monkey Achilles Tendon
Chicken Tarso-metatarsal Tendon
Cattle Tall Tendon

. Rat Tail Tendon

- Kangaroo Tail Tendon
Turtle Subcutaneous Membrane

Cattle Hide EPrepd. with Ca(OH)2 + trypsin)

¢ o °
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Fish Skin .
ELASTINS

Cattle Ligamentum nuchae (24 hrs, in water

at 100° ¢.) 0.03
Cattle Ligementum nuchae (40 hrs. in 40%

urea at 100° c.) 0.03
Sheep Ligamentum nuchae (24 hrs. in water

at 100° c.) 0.12
Sheep Aorta (40 hrs. in 40% urea at 100° ¢.) 0.00
Cattle Aorta " " 0.00
Pig Aorta " " " " 0.00

The term "per cent" means g. amino acid per 100 g, moisture-
free protein.
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CYSTINE

Method: Microbiological assay (63).

Organism: (Cl. perfringens BP6K.

Standard: l-cystine (Merck and Company).

Comment: All the collagens and gelatins contained traces
of cystine. The most common values were 0,08~
0.12%. Fish scale gelatin contained 0.17%
cystine. The two samples of hide collagen may
have given erroneously low values for cystine.
These samples were ground in a Wiley mill ﬁhich
forces the particles through a brass screen. To
determine cystine, 40-50 mg. of hydrolyzed protein
was necessary to obtain sufficient growth, Possi- .
bly inhibitory amounts of copper for the amount of
growth obtained was contained in U0-50 mg. of
protein. A sample of rat tail tendon washed with
water from a copper tank revealed this effect,
A companion sample of rat tail tendon washed with
distilled water directly from the still yielded
0.08% cystine. The greater growth obtained with
smaller amounts of protein hydrolysate in assays
for other amino acids seemed to obviate the copper

inhibition. Elastin contained 0,15~0.25% cystine.
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Previous methods: Nitrogen distribution; colorimetric;
manometric,

Reported range of values:

Chemical Microbiological "Best" Values

(g./100 g. protein)

Gela.tin 00 00-0031 i 0‘1-002 (S1’99)
Collagen — -— — '
Elagtin 0.23 (28) 0.6 (&0) R
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TABLE XXX
CYSTINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Cystine

3
GELATINS
Difco 0.09
Celf Skin (Eastman) 0.05
Pig Skin (Eastman) 0.09
Fish Scale 0.17
COLLAGENS
Cattle Hide gPIepd. with Ca(OH)o + trypsin) 0.0k
Cattle Hide (Mild preparation 0.02
Cattle Bone 0.11
Cattle Achilles Tendon 0.11
Pig Achilles Tendon 0.10
Sheep Achilles Tendon 0.10
Monkey Achlilles Tendon
Chicken Tarso-metatarsal Tendon 0.12
Cattle Tail Tendon
Rat Tail Tendon 0.08
Kangaroo Tail Tendon 0.10
Turtle Subcutaneous Membrane
Fish Skin 0.12
ELASTINS
Cattle Ligamentum nuchae (24 hrs, in water
at 100~ C.) 0.25
Cattle Ligamentum nuchae (40 hrs. in 40O%
urea at 100~ C.) 0.15
Sheep Ligamentum nuchae (24 hrs. in water
at 100° C.)

Cattle Aorta (Y40 hrs. in 40% urea at 100° C.)
Sheep Aorta " U ] #

Pig Aorta " 6 "

The term Yper cent! means g. amino acid per 100 g. moisture-
free protein.
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HISTIDINE
Method: Microbiological assay (63).

Organism: (1, perfringens BP6K.

Standard: l-histidineHp0°HCLl (Merck and Company)

Comment: The range of histidine content for gelatins and
collagens was 0.56-1.01%. Amino acids present in
small amounts in a sample may show wide per cent
variations from sample {0 sample; impurities
present may change the amount of the amino acid
out of proportion to that present in the pure

protein. Elastin from cattle ligamentum nuchae

can be considered to lack histidine.
Previous methods: Nitrogen distribution; colorimetric;

gravimetric; microblological; electrodialysis.

Reported range of values:

Chemical Microbliological "Best" Values
(g./100 g. protein)

Gelatin 0.53-1.2 0.58-0.79 0.6~1.9
(74+,94,81,78,79,

75,102)

Collagen 0.30-0.9 0.6-0.9
(73,18,75,102)

Elastin 0.0 (28) 0.04 (80) 0.0
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TABLE XXXI
HISTIDINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Histidine
o

GELATINS

Difco

Calf skin (Eastman)
Pig Skin (Eastman)
Fish Scale

HOOO
. [ ]

O OO\

=~V

COLLAGENS

Cattle Hide éPrepd. with Ca(OH)
Cattle Hide (Mild preparation)
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tail Tendon

Xangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

+ trypein)

v}

* & o o & o
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ELASTINS

Cattle Ligamentum nuchae (24 hrs, in water
| at 100° ¢.) 0.05

Cettle Ligamentum nuchae (4O hrs. in 40%
urea at 100° C.) 0.07

Sheep Ligamentum nuchae (24 hrs. in water
at 100° ¢.) 0.21

Cattle Aorta (40 hrs. in 40% urea at 100° ¢C.)
Sheep Aorta 1 f ) "
Pig Aorta " " " B

The term "per cent" means g. amino acid per 100 g. moisture-
free protein.
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ARGININE

Method: Microbiologicel assay (63).
Organism: (l. perfringens BP6K.

Standard: .;rarginine'HCI (Merck and Company).

Comment: Most values for gelatins and collagens weie &.6-
9.0%. It has been shown that alkaline treatment
of collagen partially destroys arginine (61). It
will be noted that Eastman calf skin gelatin was
significantly low in arginine; Difco gelatin was
somewhat low. Further evidence is thus provided
that commercial samples of gelatin‘may vary |
‘widely in compogition and hence fail to represent
its collagen precursor. Elastins contained 0.%47-
1.05% arginine.

Previous methods: Nitrogen distribution; gravimetric;
arginase; colorimetric; microbiological.

Reported range of values:

Chemical Microbioclogical "Best" Values

(g./100 g. protein)

Gelatin 7.4-28.7 §.0-9.3 8.6-9.3
(102,75,62,103)

Collagen 7.1-8.8 - 8.8 (75,102)

Elastin 1.0 (28) 1.1 (80) _—
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TABLE XXXII
ARGININE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Arginine
%
GELATINS
Difco S,ﬁ
Ccelf Skin (Eastman) 6.
8.8

Pig Skin (Eastmen)
Fish Scale

COLLAGENS

Cattle Hide (Prepd. with Ca(OH)2 + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tall Tendon

Rat Tall Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane

!

* o e & &6 © o o
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Fish Skin
ELASTINS
‘Cattle Ligamentum nuchae (24 hrs. in water
at 100° ¢.) 1.05
Cattle Lipamentum nuchae (40 hrs. in 40%
urea at 100° C.) 0.49
Sheep Ligamentum nuchae (24 hrs, in water
at 100° C.)

Cattle Aorte (40 hrs. in U0% urea at 100° C.)
il 11

Sheep Aorta " "

Pig Aorta » " L it

The term "per cent" means g. amino acid per 100 g. moisture-
free protein.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~115-

LYSINE
Method: Microbiclogical assay (68,65,66).

Crganism: Leuconostoc mesenteroides P-60,

Standard: l-lysine+HpO-HC1l (Merck and Cowpany).

Comment: Assays conducted with the medium of Dunn et al.
(68) gave approximately the same values as did
those on the medium of Henderson and Snell (65)
or on the medium of Steele et al. (66). Growth
was twice as fast and in amount on the medium of
Steele et al. as on the Henderson and Snell medium
and five times that on the medium of Dunn et al.
as measured turbidimetrically. All growth was
measured turbidimetrically after incubation for
72 hours at 34° C. on Dumn's medium, 24-36 hours
at 37° ¢. on Henderson and Snell's medium, and
20 hours at 37° C. on the medium of Steele et al.
Collagene and gelatins contained lysine in the
range of 4.9-5.7%. Elastins from all sources
contained 0.,37-0.51% lysine |

Previous methods: Nitrogen distribution; gravimetric;
microbiological; electrodialysis; amino nitrogen.

deternination.
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Reported Range of values

Chemical Microbiological "Best!¥ Values

(g./100 g. protein)

Gel&tin )4-.1-&.0 )‘!;01-699 401-502 .
(81,78,75,74,94,
"102,104)

Collagen 3.8-9.14 | —— 4,1-5.0
(105,73,18,75,
102§
Elastin 0 (28) 0.5 (80) —
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TABLE XXXIII
LYSINE CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Semple Lysine
%

GELATINS

Difco 5.2
Calf Skin (Eastmen) 5e2
Pig Skin (Eastman) 2.1
Fish Scale 9

COLLAGENS

Cattle Hide (Prepd. with Ca(OH), + trypsin)
Cattle Hide (Mild preparation)
Cattle Bone ‘

Cattle Achilles Tendon

Pig Achilles Tendon

Sheep Achilles Tendon

Monkey Achilles Tendon

Chicken Tarso-metatarsal Tendon
Cattle Tail Tendon

Rat Tail Tendon

Kangaroo Tail Tendon

Turtle Subcutaneous Membrane
Fish Skin

[

LS NARRIN 1 B LV VAR TE 116 L EY)

L I 2

¢ o & o o o

T\ UTOUID OO0

[ 4 - L

ELASTINS

Cattle Ligamentum nuchae (24 hrs. in water
at 1000 ¢,) 3

Cattle Ligamentum nuchae (40 hrs. in 40%
urea at 100° ¢.) 0.39

Sheep Ligamentum Nuchae (24 hrs. in water
at 100° ¢C.) 0.42

Cattle Aorta (M0 hrs. in 40% urea at 100° ¢.) 0.47

Sheep Aorta " " " 0.37
Pig horta . oo ! 0.51

The term "per cent" means g. amino acid per 100 g. moisture-
free protein.
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ASPARTIC ACID

Method: Microbiological assay (67,65,66).

Organism: - Leuconostoc mesenteroides P-60.

Stendard: l-aspartic acld, A. P. (4mino Acid Manufacturers,
University of California).

Comment: Growth on the medium of Steele et al. (66) was
equivalent to that on yeast-peptone medium. Assay
values obtained with turbidimetric readings after
20 hours at 370 C. on this medium were the same as
those obtained turbidimetrically after 72 hours
growth at 34% C. on the medium of Hac and Snell
(67), or 24-36 hours at 37° C. on the medium of
Henderson and Snellv(65). The range of values for
gelatin and collagen was 6.3-7.5% aspartic acid.
The range of values for elastin was 0.61-C.63%
except for pig elastin which contained 0.U444%.

Previous methods: Gravimetric; ester distillation;

microbiological,
Reported range of values: |
Chemical Microbiological TBesgth Values
{g./100 g. protein) |
Gelatin 0.6-3.4 5.5~§.8 %é?:g?§
Collagen 3.4-6.3 ‘ —— 6.3 (14)
Elastin 0.0 (28) 0.6 (&0) 0.6
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TABLE XXXIV
ASPARTIC ACID CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Aspartic
. : Acid
%
GELATINS
Difco 6.4
Calf Skin (Eastman) 6.9
Pig Skin (Eastman) 6.3
Pigh Scale 6.5
COLLAGENS
Cattle Hide 2Prepd. with Ca(QH), + trypsin) 7.0
Cattle Hide (Mild preparation) 7.5
Cattle Bone —
Cattle Achilles Tendon 6.7
Pig Achilles Tendon 6.7
Sheep Achilles Tendon 6.7
Monkey Achilles Tendon 7.0
Chicken Tarso-metatarsal Tendon 6.7
Cattle Tail Tendon 6.9
Rat Tail Tendon 6.9
Kangaroo Tail Tendon 7.0
Turtle Subcutaneous Membrane 5.2
Fish Skin 6.5
ELASTINS
Cattle Ligementum nuchae (24 hrs. in water
at 1000 ¢.) —
Cattle Ligamentum nuchae (40 hrs. in HO%
urea at 100° (.) 0.63
Sheep Ligamentum nuchae (24 hrs, in water
at 100~ C.) -—
cattle Aorta (Uo hrs. in 4o% urea at 100° ¢.) 0.61
Sheep Aorta ! 8.uﬁ

Pig Aorta " " "

The term "per cent" means g. amino acid per 100 g. moisture-
free protein.
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GLUTAMIC ACID
Method: Microbiological assay (63).
Organism: (1. perfringens BP6K.

Standard: l-glutamic acid (Merck and Company).

Comment: The gelatins and collagens yielded values of
10.8-12.2%. glutamic acid. FElastins vielded
1.9-2.2% glutamic acid except in the case of
pig elastin which contained 2,8% glutamic acid,
perhaps resulting from impurity. Glutamic acid
standard curves were S-ghaped with a distinct
lag. Addition of small quantities of glutamine
(50-200 ug./tube) or of WH,C1 (10 mg./tube) did
not appreciably alter the curve, nor did with-
drawal of the aspartic acid of the medium have
significant effect,

'Previous methods: Ester distillation; gravimetric; conver-
sion to pyrrollidone carboxylic acid; microbio-
logical.

Reported range of values:

Chemical Microbiological "Best" Values

(g./100 g. protein)

Gelati 1.8-11. 10.2-11.5 10.2-11.7
. ! (106,107 67 ,74)
gen 2 (14,53
Elastin —— 3.2 (80) —
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TABLE XXXV
GLUTAMIC ACID CONTENT OF GELATINS, COLLAGEYS, AND ELASTINS

Sample Glutamic
Acld
%
GELATINS
Difco 11.5
Calf Skin (Eastman) 12.1
Pig Skin (Eastuman) 11.
Fish Scale 11,
COLLAGENS
Cattle Hide éPrepd. with Ca(OH), + trypsin) ~ 11l.4
Cattle Hide (Mild preparation) - 10.8
Cattle Bone 1l.7
‘attle Achlilles Tendon 11.9
ig Achilles Tendon 11.9
Sheep Achilles Tendon _ 11.5
Monkey Achilles Tendon —
Chicken Tarso-metatarsal Tendon 12.2
Cattle Tail Tendon ‘ 11.7
Ret Tail Tendon 11.9
Kangaroo Tail Tendon 1l.
Tartle Subcutaneous Membrane 11.9
Fish Skin 11.5
ELASTINS
Cattle Ligamentum nuchae (24 hrs, in water
at 1007 C.) 2.2
Cattle Ligamentum nuchae (40 hrs. in 40%
‘ urea at 100° C.) 2.1
Sheep Ligamentum nuchae (2 hrs, in water
at 100" C.) 1.9
Cattle Aorta (40 hrs. in 40% urea at 100° ¢C.) 2.1

Sheep Aorta " " ] " e

Pig Aorta L i " 1 2e 8

The term Yper cent!" means g. amino acld per 100 g. moisture-
free protein.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~122-~

NITROGEN CONTENT OF GELATIN, COLLAGEN, AND ELASTIN

Previously reported nitrogen content has been:
Gelatin - 15,4144 (100,94)
Collagen - 17.2-18.6% (14)
Elastin - 16.6-17.1% (28,80)
The variations might be due to difference in preparatory
procedures or to accuracy of the nitrogen determination.

To obtain the data in the accompanying table,
three digestion catalysts were compared - CuSOy, HgO, and
Cu80y + Se0Cl,. All gave the same values on the test samples
when digestion was continued 6-10 hours after clearing.
Digestion for 3 hours after clearing gave values 2- % lower
than digestion for 6 hours. Digestion for 10 hours gave the
same values as digestion for 6 hours.

The digestion procedure finally chosen wasythat
used by Bowes and Kenton (14) to determine the nitrogen con-
tent of their "native! collagen. The digestion mixture con-
sisted of 1.6 g. Nao,sOy, 4.0 g. CusOy*5Hy0, 2and €.0 mg. Se
(in the form of Se0Cl, instead of Na25e03)/10.0 ml, HoS0y.
Digestion time was 6 hours after clearing. ihe recovery of
50 mg. lysine HCl with this procedure was 95%. The nitrogen
content of "native" collagen prepared similarly to the method
of Bowes and Kenton yielded 18.1% nitrogen. Two of three
samples of elastin yielded 17.1% nitrogen which agrees with
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the highest value reported for this protein.

The accompanying table shows that the range of
values for gelatins was 17.4-18.0%; collagens, 17.8-18.4%;
and elastins, 16.7-17.1%.
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TABLE XXXVI
NITROGEN CONTENT OF GELATINS, COLLAGENS, AND ELASTINS

Sample Nitrogen
%

GELATINS

Difco 17.6

Calf Skin (Eastman) 17. 4

Pig Skin (Eastman) 18.9

Fish Scale 17.6
COLLAGENS

Cattle Hide 2Prépd. with Ca(OH)2 + trypsin) 17.8
Cattle Hide (Mild preparation) ¢ ‘ 18.1
Cattle Bone 18.0
Cattle Achilles Tendon 18.1
Pig Achilles Tendon 13.1

Sheep Achilles Tendon ; 17.9
Monkey Achilles Tendon
Chicken Tarso-metatarsal Tendon 17.8
Cattle Tail Tendon 17.8
Rat Tail Tendon 18.2
Kangaroo Tail Tendon 17.8
Turtle Subcutaneous Membrane
Fish Skin . 18,4
ELASTINS

Cattle Ligamentum nuchae (24 hrs. in water

at 100° C.) 16.7
Cattle Lipamentum nuchae (40 hrs. in 40%

urea at 100° C. ) 17.1
Sheep Ligamentum nuchae (24 hrs. in water

at 100° ¢.) -

Catitle Aorta (40 hrs. in 40% urea at 100° ¢.) 17.1

Sheep Aorta W " —
Pig Aorta " " " " _
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SUMMARY

Collagen and elastin were prepared from a number
of different species of animals and tissues. Rates of solu-
bilization and denaturation and extent of swelling varied
widely for the different collagens. Trypsin, chymotrypsin,
and papain inappreciably digested the collagens. Pepsin,

Cl. perfringens enzymes, and Cl. histolyticum filtrates

extensively solubilized the collagens regardless of source.
Heat denaturation of cattle achilles tendon colla-
gen increased susceptibility to attack by trypsin, papain,

and Cl. perfringens to the same extent. Urea denaturation

had 2 similar effect. Care must be taken that substrates

used in detection of Ycollagenases" are not modified in

preparation.

Collagens from several sources demonstrated
greatly enhanced ease of solubilization after trypsin or
papain pretreatment. This effect was shown to be due to

residual enzyme.

Elastin, in contrast to collagen, was solubilized
by trypsin and papain. Chymotrypsin, pepsin, Cl. perfrin-
gens enzymes and Cl. histolyticum enzymes apparently had

little action on elastin. Heating at 100° ¢. in water or

40% urea solutione somewhat increased the susceptibility

of elastin to trypsin, papain, and pepsin,
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An almost complete amino acid assay of four
gelatin, thirteen collagen and six elastinvpreparations was
made. .

In general, the amino acid composition was uniforn
for gelatins and collagens regardless of source. Cne com
mercial gelatin was relatively low in arginine and tyrosine.
FPish skin collagen contained 50—100% more methionine, serine,
and threonine than most of the other collagens. Turtle sub-
cuténeous membrane collagen resembled fish ékin collagen in
threonine content. Fish scale gelatin was like fish skin
collagen in threonine'and methionine content.

Elasgtins exhibited uniformity of amino acid com-
pogition from one preparation to another except in the case

of pig aorta elastin which was relatively low in isoleucine

and high in tyrosihe and glutamic acid.
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