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Nature of Thrombin and it's Manner of Action.

.Professor C. A. Mills suggested to me that I en=-
deavor to secure further information concerning the chemical
nature of thrombin and of its manner of action on fibrinogen
to produce fibrin. Particularly he wished me to see whether
thrombin was a specifio proteo;ytic enzyme acting on fibrino-
gen, as has been frequently suggested but also questioned;
His results recent indicated that it was such an enzyme. I
was to study also the further hydrolytic cleavage or dissolu=-
tion of the fibrin which usually ocours after a clot is formed
to discover whether this hydrolysis was due to a slower but
continued action of thrombin, which had its main action in
the first cleavage leading to the fibrin formation, but which
continued to act hydrolytically, ﬁhough at a slow rate, on
the £ibrin thus formed. "

My work has been guided throughout by constant
consultation with Professor Mills and I wish to express here
my deep obligation to him. I have also had the advantage of
suggestions from Professor A. P. Mathews, and I am particulagf
1y indebted to him for ocriticism, and for his aid in putting

the results together,
The general result of the study is to answer in

the affirmative the question proposed. Thrombin is an enzyne,
although with a very high heat resistance. Its principal
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action is a quick change of fibrinogen into a more insoluble
simple, coagulable protein, fibrin, but it apparently con=-
tinues its action leading to the formation out of the fibrin
oné or more soluble coagulable proteins, of which the princi-
ral one resembles serum albumin and is coagulated by heat at
78-80°9C., and an albumose. It appears to be a specific enzyme
for fibrinogen. Its clotting action is closely parallel to
that of rennin, which transforms soluble caseinogen into
insoluble casein; but thrombin wili not clot milk. I%¢
resembles in some ways the specir;c fibrinogenase of venon
of Crotalus adamenteus; studied by Dr.‘Billings and
Professor Mathews.‘(ll
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Experimental.

Preparation of Fibrinogen, Prothrombin (serozyme)
and Thrombin. .

The method of obtaining prothrombin was that based
% on Bordet's work as developed by Mills (2 ). It consists
in sepaiating prothrombin or serozyme as it is called in
Bordet's terminology, from blood plasma, purifying it, and
then converting it to thrombin shortly before its use, by
the addition of calcium chloride and a little cephélin.

The method more in detail was the following:

(1) PFibrinogen.

Horse plasma was secured by centrifugation of oxalated
horse blood; this was freed from fibrinogen by the addition
of an equal volume of a saturated solution of sodium chloride.
The precipitated fibrinogen was removed with a stirring rod
into another beaker; carefully washed with 15 per cent sodium
chloride solution containing 0.5 per cent sodium citrate;
redissolved in distilled water, since there was enough salt
present to facilitate the solution of fibrinogen; and purified
by further precipitations until the final solution was color-
less. The purified fibrinogen was dissolved in distilled -
water equal in volume to one third of the original  plasma.
This was passed-through a sterile Berkefeld filter into a.
sterile flask and this constituted tpe stock fibrinogen solu-

tion used in these experiments. The plasma after removal of
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oo
the fibrinogen was used for the preparation -of prothrombin.

The solution of fibrinogen coagulated at the temp-
erature of 52-56°C, If the coagulated protein was filtered
off and the filtrate heated again anqther coagulum was
formed at a higher temperature of 72«759C, . No matter how many
times the fibrinogen was precipitated there was a slight amount
of this second heat coagulable protein present in the solution.
I have found that this protein had a tendency to decrease the
staﬁility of fibrinogen.

Solution of fibrinogen gives a Biuret, Millon's

and xanthoprotein reactions. Fibrinogen constitutes 0.4 to
1.087 per cent of the total plasma proteins, .
(2) Prothrombin.

To the filtered piasma freed from its fibrinogen, and
at room temperature of about 220C, .There was then ddhed pure
orystalline ammonium sulphate to the amount of sixteen -grams
for each one hundred cubic centimeters of plasma filtrate. |
This precipitated the-p;oéhrombin together with-some séruﬁ-ﬂﬂ
globulin, After the precipitate had become flpccﬁlent and
the precipitation was complete it was filtered and~the'oolleotf
ed precipitate carefully washed with a 16 per cent:solution
of ammonium sulphate to free it as much as.possible from. . -
extraneous proteins. It:.was then lirtedﬁrrpm”the:paper by -
a spatula and dissolved:in distilled .water and.filtered. To
the -filtrate:ammonium sulphate was then-added:in tlie .same “

proportion of:16 grams to each one hundred cubic centimeters,
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Again flltered after brief standing; the prothrombin being
again dissolved in distilled water. This process of purifi-
cation was repeated. The final precipitate was dissolved
in water equal in volume to one-third of the original plasmae.
This solution of prothrombin which was perfectly clear and
colorless, was then placed in a parchment paper tube and
dialysed against running tap water for twenty-four hours,
when it was almost completely freed from sulphate and sodium
chloride, On dialysis there appeared in the tube & precipitate
presumably of a globulin nature, and which on testing proved
%o have little thrombic activity, on the addition of calcium
and cephalin. It was accordingly discarded by filtration
through a sterile Berkefeld filter. The clear salt-free
prothrombin in a fairly concentrated form was.found to possess
a faint blue fluorescence.

The prothrombin thus prepared is a globulin, of a
rather coarse dispersion, or large molecular size, since it
is nmore easily precipitated by ammonium sulphate than is serum
globulin, but not so easily as fibrinogen.

Prothrombin prepared in this way gave very little
coagulum on heating to 56°c., but a heavy p;ecipitate wes
formed when it was heated to 720C, The coagulating temperature

(¢
found by Bordetagnd Mellanby was 56°C, The solution of pro-

thrombin gave a positive Biuret, tryptophane, Millon's,
xanthoproteic, glyoxalic and faint ninhydrin and sulphur

reactions. Molisch test was negative showing the absence of
carbohydrate.
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Prothrombin constitutes about 1.176 to ..95 per cent
of the total plasma proteins., Prothrombin belongs to the
psuedo~globulin class,

The chemical composition of this prothrombin will
be considered more in detail in connection with the thrombin
formed from it. It may be said here, however, that there
are indications that the active principle is not the globulin
which makes so large a part of the prothrombin, but is some

smaller molecule attached to this.
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(a) . Conversion of Prothrombin to Thrombin,

The prothrombin solution thus obtained has no clot=
ting action on a solution of purified fibrinogen. Nor will
it clot oxalated or citrated plasma, or plasma in eny way
deprived of its calcium salts. Neither will it clot a fibrino-
gen solution to which a small amount of caloium chloride has
been added. Sinde thrombin will clot such a fibrinogen solu-
tion and even in the presence of sodium oxalate, it is clear
that prothrombin is not yet thrombin,

The .next question I considered was the naturé of
the change of prothrombin to thrombin, & substance produced
by the activation of prothrombin of plésma with caloium and
cephalin, and capable of clotting fibrinogen in the presence
of excess oxalate.

There has been nuch controversy as to. the .nature.
of this change. Pekelharingg%ne of the first to study it,
believed that it was due to calcium salts, and he suggested
that thrombin acted really as a carrier of.calcium,: -THe:
thought that for some reason fibrinogen could not unite .with
caleium to form an insoluble caloium salt, fibrin, It was
neoessary for a third body, thrombin, to. intervene as'a... =
calcium carrier. This ingenious-conception of.¥he'role'or~;
thrombin.was, however, rendered very improbable.by.the careful
enalyses of the calcium content of fibrinogen and fibrin’' by

Hammarsten (Vv ).

Hémmérsten found that-fibrin and fibrinogen each
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contained the same quantity of calcium, that is about 0.05
per cent. The presence of soluble calcium salt is not a
positive condition for the formetion of fibrin, because
thrombin can transform fibrinogen into fibrin in the absence
of lime salts., ¥ibrin is not richer in calcium than the “
f£ibrinogen used in the preparation of the fibrin and thrombin
solution which was used contained 0.0007 gms per qillion as
caloium oxide. The relation of calcium to blood clotting will
be discussed later in this paper.

That phospholipid is an important element in blood
clotting was discovered by Wooldridge (7) who showed that this
phsopho~lipid which he obtained from the leucocytes, exrythrocyt
and brain was different from lecithin,: Howell (8) discovered
that the active phospholipid was actually cephalin, a brain’ -
and tissue phospholipid containing amino-ethyl alcohol in the
place of choline of lecithin.

Concerning the method by which.a .little cephalin.
causes clotting has been uncertain. Howell has presented'
experimental evidence that favors the. interpretation that it
unites with or counteracts anianti-thrombin,:.

But Bordet. (3) has chown.that.cephalin is neoesaéry
to convert prothrombih'to-thrombin.a,At‘any.rate'prothrombinl
(serozyme)\along will not clot a fibrinogen solution contain-
ing a soluble calcium salt 1n'add£%10nuto.1tselr.:'Nor-willt”
it clot a fibrinogen solution containing a little added emul=-
sion of cephalin but mo caleium. But if the prothrombin be .

added to a solution of fibrinogen containing both calcium and

cephalin, then clotting occurs. ,
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Moreover, if the calcium and the cephalin be added
first to the prothror-in solution, and then after a few
ninutes standing to permit interaction this solution be added
to a fibrinogen solution containing a little sodium oxalate,
the fibrinogen solution is coagulated as rapidly as though
the oxalate were not there. |

This experiment shows that calcium ions are certain-
ly necessary for the conversion of prothrombin to thrombin, as
Howell (8) supposes, but are ‘not necessary for the conversion
of fibrinogen to fibrin, Furthermore Mills, on reinvestiga-
ting the problen, found that the prothromhin solution as
prepared by Howell (9) always contained free cephalin, And
he thus supported Bordet's conclusion that both calcium ions
and cephalin were necessary to convert prothrombin to thrombin.

\ Recent work done by Maltaner and Maltaner'(lo)yﬁheda
perhaps a new lighﬁ on the inmportance of cepﬁalin. ’Their'
investigation on the nature of cephalin was shown that active
lipoidal substance combines with calcium of caleium chloride-’
with the liberation of hydrochloric acid in the presence™ -
of cephalin. The chemical action of cephalin is associated-”
with the rreély-ionizdble H atom-which’ combines with<chlorine
of calcium chloride to form the acid. ‘In-the presence of this
acid lipoids form with protein:en insoluble complex~}1br1n;
which the lipoid-by itseif.poasessea no precipitating action

upon protein“with“cephalin.
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Cephalin prepared in the laboratory gave an acid
reaction to methyi orange indicator (pH. 511-4.?). Also the
following combinations gave an acid reactions: Gephalin and
prothrombin, cephalin and calciunm chlofide, and prothrombine-
cephalin-calcium chloride (thrombin). Whether this acidity
was due to cephalin alone cannot be said hers.

The cephalin was obtained from calf brain. It was
separated from lecithin so far as possible by repeated solu-
.tion in ether and then allowing it to stand over-night in
the ice~box; the sediment filtered off and 95 per cent alcohol
added to precipitate cephaliﬁ. The preciﬁitations were
repeated five or six times until no rore white precipitate was
formed by setting the ether solution in the ice~box and the
yellow color had disappeered. The purified product contained
1.41 per cent nitrogen and 3.55 per cent phosphorus, which’
gives an atomic ratio of N:P: :1:1.07 instead of 1:1, both
the nitrogen and phosphorus are somewhat lower than the -
usual figures for cephalin of 1.84 per cent nitrogen and about
4.07aper cent phosphorus (1l). (Levene N - 1.84 per cent and
P -~ 3,65 per cent.) Whether this is due to my cephalin cone
taining fatty acids of longer chain than C,q. such as -’
arachidonic acid or whether tngdcephaliﬂ contained some - water,
and was not entirely dry, is uncertain. -The ahalyses‘woulQ
fit a cephalin with two 024acids.

The activity of this cephalin was merked as is shown

by the- following example. -
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I added to the prothrombin solution as prepared,
containing 2.95 mgs of prothrombin per cubic centimeter,
one=-half cubio centimeter, one- half cubic centimeter of 1
per cent calcium chloride solution and alldwed it to stand
thirty minutes at room temperature to secure the maximum
activity of thrombin. One-half cubic centimeter of this
mixture was then added to 2.0 cc of a fibrinogen solution,
prepared by precipitation from oxalate horse plasma, as
described, and placed in a constant temperature wate;—bath
at 380°C. There was no clot in 24 hours, when the tuﬁe was

examired.

This exgefimpnt proves that calcium alone is not

sufficient to aotivaté prothrombin‘as prepared by this method.

To a second 0.5 c¢cc of calcium and prothrombin mixe-
ture was then added 0.5 cc. of an aqueous cephalin emnlsion
(2.0 mgms) and arter nixing and standing for thirty minutes,
one~half cubic centimeter of this was added to 2 co. of |
the fibrinogen solution. |

This clotted in 20 seconds. To a third 0.5 co. of
prothrombin and caloium mixture 0.5 co, of a 1 per cent
lecithin emulsion prepared from egg, and after 30 minutes
added to 2 cc. of fibrinogen solution. This clotted in
205 seconds, This was due, probably to some cephalin being
st1l) in the egg lecithin, as it %s very difficult to com=
pletely separate them. And to a fourth 0.5 co. of prothrome
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bin and calocium mixture 0.5 co. of 1 per cent emulsion of
commercial lecithin was added, and after 30 minutes all was
poured into 2 co, of fibrinogen solution. There was no clot
in 24 hours.

Cephalin is, hence, necessary for conversion of
prothrombin to thrombin just as is calocium, and as Bordet
proved. This experiment cleerly demonstrates that ocephalin
is not acéing to neutralize an gnti-thrombin, for there is no
reason to suppose fhat the' fibrinogen solution thus purified

contains any anti-thrombin since it clots promptly on the

4

addition of thrombin, .

My first exﬁeriments are to show that thrompin”
unites to fibrinogen to form fibrin, then this subseénently
hydrolyses giving active thrombin and ‘a new prociein which
is coagulated by heat 65°C, If this fibrin ‘solution is -~
allowed to stand for severel dai; albumose appears with the

-

’hisabpearance of thrombin.
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IXI. The Manner of Thrombin Action.

(a) Thrombin unites with fibrinogen to form fibrin.

Thrombin is a compound of a protein (serozyme or
prothronbin), cephalin, and presumably also calcium. Direct
determination of the calcium conten§ were made on thrombin
and it was found to be present in tﬁe easily ionizable from,
since it was all precipitated by oxaldte. (This is clearly
presented in the latter part of this paper). Tarombin that
was once formed, aoté on fibrinogen even in the presence of
excess oxalate or in fairly low amount of calcium; however,
the speed of coagulation is not the same as if calocium was
present.

Experimental evidence has been presented by
Rettger (12) that thrombin enters into a chemical union with
fibrinogen to form fibrin. To elucidate this particular point
the following investigation was made.

The first point which I wish to show is that throme
bin solution successive portion of fiﬂ&inogsn, and removing
each time the fidbrin formed. The total amount of fibrinogen
used was always in excess to utilize all the thrombin. This
amount was predetermined for each sample of thrombin. When
£ibrin was not formed in one to two hours after the removal
of the last clot from the first addition of fibrinogen, an
additional quantity of fibrinogen was then added. This
fibrin formation continued Qs long as thrombin was pr;sent.

If thrombin became slightly inactivated the addition of small

o -
.
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quantity of cephalin to this revived the activity of the
prothrombin, so that it would coagulate maore fibrinogen.
(It seemed rather cifficult to add suffiocient quantity of
cephalin to saturate all the prothrombin molecules). Finally
the addition of cephalin to this inactive thrombin had no
effect, indicating that the prothrombin had been all utilized.
Now the addition of prothrombin to this inactive thrombin
- solution restored the clotting power siightly. This activation
was due to the combination of prothrombin with thg excess
cephalin that was present in the tube. It i1s evident from this
experiment that the thrombic activity i1s dependent upon the
presence of cephalin and prothrombin and some calcium. Thrombin
activity gradually decreased with the amount of fibrin formed.

As the quantity of thrombin decreased the amount
of fibrinogen converted to fibrin was also decreased in pro-
portion and any excess fibrinogen was left in the tube, Addi-
tion of few drops of the active thrombin irmediately coagulated
this excess fibrinogen to fibrin., Clotting time was found to
be proportional to the amount of tthmbin present..

For example, the following czperiment displays
olearly how fibrin formation is dependent upon the amount of
thrombin present. |

Fibrinogen solution was divided into three aliquot
parts of 35 cc. (135 mgms), and one part was added to 10 co.

of active thrombin (18 mgms) and fibrin as it was formed was
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irmediately removed and kept separately. One hour was
allowed to elapse after the removal of the last clot before
the second and third additions of fibrinogen were made, to
insure that all the fibrinogen added were used.

The average fibrin weights obtained from the
successive additions of fibrinogen to thrombin were as follows:
First addition: clot in S5 minutes-weight of waéhed and dried

fibrin, 146 mgms. . _ '
Second addition: clot in 8 minutes-weight éf washed and dried
| $ibrin, 91 mims. n
Third addition: clop in 20 minutes weight of washed and dried
fibrin, 40.55 mius. |

The results as shown have been obtained rgpegtedly
with consistency with this sample of thrombin ahd fibrinogen.
Clotting of fibrinogen is dependent upon the thrombin present
as shown by the weights of fibrin: produced. Itawas“round
that successive amounts of fibrin formed gradually decreased
when fibrinogen solution was ?epeatedly added to the same-
thrombin solution. It can be said that. thrombin.was being
removed in small quantities by fibrinogen. This rembval-or'
thrombin was not the result of adsorption to ribrin,‘since
frequent washing of fibrin with water:did not remove-.all.the.
thrombin nor did any change in weight of . fibrin-ocour.. .

To determine more specifically that thrombin unites
with fibrinogen aﬁother experiment was tried where there was

- an excess of thrombin in the tube and the amount of fibrinogen

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



f1e

was varied. It was found that the weight of fibrin obtained
was larger than the weight of fibrinogen that was added to
thrombin. This increase in the weight of f£ibrin cannot be
changed by frequent washing with distilled water and by
drying in the oven. Therefore the increase in weight is
presumably due to union of thrombin to fibrinogen.

The results in Table I are exyrages obtained trgm
different samples of ribr;nogen and thrombin. Tgese results
are not in harmony with those of Mills, who has shown thaf
one part of active thrombin can convers over one thousand
parts of fibrinogen (13). I was never able to obtain that
result when I continually removed my formed f£idrin from the
tube, the serum on standing for 24 hours did not show any
evidence of clotting. However, it is seen then that a minimal
amount of thrombin does not convert an unlimited amount of
ribrinogen. However, it 1is true that & small amount of throme .
bin will seemingly change a large proportion of fibrinogen °
provided that formed fibrin (gel) was allowed to stand for
a time without any interference, Gelation will take place
solidly throughout the vessel, but when that gel was dis=-
turbed with a glass rod to remove theformed fibrin, it was
found that only a few miligram; of fibrin had been formed and
a large quantity of water was squeezéd out. Excess fibdrinogen
was left in.the vessel unused. This wes shown by the fact;

that enother orop of fibrin was formed when thrombin was added.

.

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



#17

There 1s some definite relationship between fibrino~
gen and thrombin to form fibrin, even though this relation
is irregular for the different samples. This increase is only
valid 1f nothing else unites with the fibrinogen than thrombin
and not water. The latter point will be shown definitely not
to be the case despite the discrepancy in the weight of fibrin

formed.
Insert Table 1.

It is seen from this table that all of the added
weight of fibrinogen has been accounted - for in the weight of
fibrin obtained in the experiment: There is an 1nc§ease in
the weight of fidrin over the original weight of fibrinogen
used due to the union of thrombin to fibrinogen. In the first
,experiﬁental tube 90 mgms of fibrinogen were added to 40.7
mgms of th;ombin. The fibrin obtained weighted 105 mgms; this
was the welight of washed and dried fibrin. An increase in weight
of 16.6 per cent over the weight of fibrinogen added, the
difference of fibrin formed and fibrinogen added gave the
emount of thrombin united to the fibrinogen. In this, one part

of thrombin converted 16 parts of fibrinogen.

Insert Table IIX.

~

Table II presents this fact of.thrombin'and fiﬁrino-
gen union a little more clearer. In the first tube, 291 mgms

s

of fibrinogen were added to 602 mgms of thrombin; 397 mgms of

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



¥
Teble T

T reventse (n +he “-)c.‘JH- .,.I‘ Eibrin

Jde 4o Ornle lf Thrombin 2o F:'[m'no\lcn

+
wgi‘?h* \JI.:ASA\;*- “".‘Qh‘\' .6 “,": L% I\\\:.v-utg T""‘““h&
PY o, “.”n vase
Washel 1) \el Waight o s s
Sihein ) Thvoubin awt <f .
' r“:‘:m‘;n G ;‘ &:itu Eorin . osed F:&«-'"\ ,"F.Bnuodcu
) ™y ™y My Je -
‘40,7 90,0 705+ o 1S, o 1L ¢ L e
3
$o.9 oo 13,0 - 22,00 1 A ¥¥ L [idog
J .
Y S T o v Y S N "9 12836 ..
H
., . VoL
AL sns ‘5-7, 6 - b ¥ £~ ¢S 8. ¥3
[}
308, . . ' .
30.4 33/ 7 >3.7 D, 9067 N2 A
3oy ~ JoFi- - 2320 230 g6 T3,
i
5 . ' . "
rws 0 oo v 500" - so0 . 38K P 0126,
" 1
! '
,lfvr %, ,"0‘0 " ’.:.7/'.0 o Yo, ,o'o CY L aviene 3"%&«-..‘.. .,.?.‘.-«’-:a-?..oéa@‘. . e -
" PY '
€3,0 ©~ 2850 129 1o 4.93 VLl AS
£
3.0 | arse Lo | 4 3.0 . R TS A
. . .
!

.
' i

Theoubin e rr.otu* ‘w exeess A, !Jaon&& oW\ &1l ;\a:-u\&-\.

+ u¢:3h¥ Q.E Theomebin veced ‘«3\:3\\-} oi Vv - U)&:Qh‘\' os -".‘a:..xu.

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



g

Tc\ L{C.

9

i

Y aud be,noom dsed

q“"“”\'l" '-f rLrow.(i,

) l\u —f.vmgliau 0{ FZLr;u.
weahd wWeiahd o ' 1 :
. PJ(»&JH f wﬁOH , €4 ‘{ gt o ”"\]"" ‘f Theow bi Tuerease
. t:lr.’nojr« f ﬁuuo(. hess L'j . ! whiqhd,
. . T‘\f’ﬂ'tc ”" veel 3
elpas wdfFibein | ofder | wikiny ; 5
RW) {"M.R e .«H:nj (yvu’;-w..lw' akled, (0‘;{:0:4 Ciorinm
2200 13870 12300 | >s7. L 4234 /@’:3. J6.07
% I Al BT X P R 7 (/%4 Jag 1Y 265" V16>, ¢
W 1.t ) . e
A L. /3 250 87 o3 28] ¢ ©21 lacr s |
Cl _sto | ytr 20y e300 N 235 Vtng.0 | oae Viprs”
“20 | 429 @;»7' 2.0:22 ' Y X qo.}p Qék 0.
'rhV'MML.'q Y roacu-i- I tyaers,

t ‘{Lf’mkn dn}lci J'o f; ‘V‘:.AOJ';A: \.\N'-Qh"t '{l‘“‘

rin - uh?qh* 0§.', Lt
{hrimeges

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



#18

22
fibrin was formed, an:.increase in welght of 36.07 per cent
over the original weight of the fibrinogen added; 219.6 mgms
of material was recovered in the wash water and 172 mgns of
material was left in the tube after clotting, which was
dried after there was no evidence of clot in 6-8 hours of
standing at room temperature. From this thé anount of thrombin
used in the formation of fibrin 1s the difference of the
weight of fibrin and the weight of fibrinogen used in the
experiment, G

The.evidence for the probable union of thrombin and
fibrinogen is given by the fact that ‘during synthesis of |
fidbrin by thrombin free amino groups determined indirectly
by the decreases in the carboxyl groups, this group progresse
ively deoreased. And that thrombin was present as such in
the washed fibrin solution and it can be recovered from
the solution as prothrombin. This will be presented later
in this paper.

Varying weights of £ibrin were taken to determin‘%
the amount of free carboxyls it had in the moledule. These
samples of fibrin were removed from the tube and carefully
pressed free of water between filter papers. Drying in the
oven was avoided for the particular reason that some chemical

change might take place in the £ibrin molecule, I 4id not

wish any intramolecular change to take place causing the

decrease in these groups.
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Insert Table III.

Table III represents the results for this determina-
tion, the carboxyl groups were determined by'two methods,
the Sorensen and the Uillstaﬁter method, It will be noticed.
that where was a gradual decrease in the number of groups.
showing that some union perhaps with the amino groups may
have taken plane. Carboxyls groups have decreased from l1l.36
and 0.95 %o 0.2 Yo zero., The results for the Sorensen ran a
1little higher for the reason that titration was 1g the aqueous
medium, the alkali added in-the titration caqsed some hydroly-
sis of the proteiﬁs increasing thq number of carboxyls or the

failure of formaldehyde to completely suppress the free

anino groups;
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3.2
(b) Is syneresis a gradual solution of fibrin by thrombin.

In the preceding pages I have shown what goes to
make the insoluble fibrin from soluble fibrinogen. It has
been shown that definite quantity of thrombin converts only
a given amount of fibrinogen and the increase in the weight
of £ibrin over fibrinogen is due to the union of thrombin
to fibrinogen. It is a known fact that fibrin thus formed
under=goes a sppntaneous 1&813, when it is allowed to stand
in the tubes in which clotting occured, or in distilled water.
This lysis 1s probably similar to that which occurs naturally
in blood clots. This re-solution of fibrin was first noticed

F by Denis (14). He saw that clots redissolved in dilute salt
solution. This observation was confirmed by Dastre (15) in
sterile solution. Nolf maintained that this autolysis of
fibrin was due to the presence of fibrinolysien (18).

It is not known whether 8; ~resis where the clot
contracts with squeezing out of the liquid serum is a process
of actual contraction of the olot, or one of gradual re~solution
of fibrin as result of dissociated or undissociated thrombin
with the breeking down of the fibrinogen molecule. Must-the
clot contract before it is capable of undergoing re-solution?.

.~ 1f synersis 1s merely & contraction of the clot then the.weight
ef £1brin removed from the tubes should not change at the -
different advanocing stages of synersis. If it is a gradual
re-solutionAthére‘should be a gradual decrease in the weight -

" fibrin removed from the tubes. The -following experiments ...

were conducted to' settle this point.
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I have given in this experiment, the results of which

are tabulated in Table IV, a series of tubes containing fibrin
formed from a definite quantity of fibrinogen and thrombin.
The formed clots were allowed to remain in the tubes until
syneresis was‘evident. At different stages of re-traction
of the clot fibrin was removed from the tube by twirling it

around with a glass rod gradually, squeezing out the serum,

Fibrin was then washed in distilled water to remove all. the

serum and dried in the oven at 38°C for 24 hours. The .
pé;lected fibrin samples were weighed. The wash water were

added to the respective serun and dried in the oven and finally

weighed.
Insert Tdole IV.

The clots were solid throughout the tube and no
retraction were evident in all the tubes within 24 hours.:
.On the second day the clot ha; retracted up from thpypottpq
1/10th the height of the clot, as measured by a miliﬁeter
: ruler. On the third day retraction from the sides of the ‘
‘tubes were noticed and with 1/4th retraotion from the bottom,,
ghis gradually increased to 1/2 and 3/4 on the fourth and on 1
. the fifth day respeotively. on the rirth.day the clot. was
:diainfegrated ahd(éolutionlwaé,éomplete on the sixth day.
In the controls; fibrin formed was -immediately removed

from the tubes by twirling the fibrin around a glaé& rod, -then ..
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it was carefully washed with distilled water to remove all
extraneous protein matter and dried, the wash water was
collected with the serum and dried. The weights of fibrin
from the four control tubes were consistent, weighing 3.6
ngns., In the experimental tubes, the clots were removed
every twenty-four hours, washed and dried. The daily loss in
weight of fibrin due to syneresis was on the average of 0.3 mg.
Syneresis is then a very gradual re-solution of fibrin as
concluded from this experiment.

I have seen this similar phenomenon of rapid re-solue
tion of the clot in cases of work done with whole blood clots.
Generally the process requires several hours to days, but in
several instances I have observed this complete dissolution
of solid clots of'whole blood occur within a course of an
hour or less, the corpuscles have settled to the bottom and
the blood was fluid again. As Clots made with fibrinogen and
thrombin disentegrated in an hour or two if the concentration
of cephalin in thrombin was low, this is-shwon in. an experiment
included in the latter part of this paper.

It may be that this rapid re-solution of laboratory

fibrin end the retraction of whole blood clots are two different

_phenonena.
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(¢) Influences of gases on clotting time and in the re-solution

of fibrin.
During the course of re-solution of fibrin there was

noted that in cases of fibrin in stoppered tubes containing
water re~solution progressed just so far and it was then
retarded. The fibéin clots in unstoppered tubes, (that is
those tubes which were plugged‘with sterile cotton) completely

went into solution. This was concluded to be dus to the
influence of oxygen. This observation was confirmed by passing

oxygen gas through water containing solid fibrin. This dissolved
in two-thirds the time required for fibrin to dissolve if it

was unaided by the presence of free oxygen.
About 6 mgms. of fibrin .were placed into each tube 1n'

. the series containing 5 c¢o. 1lOcc., and 15 co., of water respect-
ively. Oxygen gas was allowed to bubﬁle into the water through
a sterile cottoﬁ plugs for two to three minutes the tuﬁes vere
then stoppered and cet aside until complete solution of the
£ibrin had taken place at room temperature. Sinmilar se:ies%or
tubes of fibrin were set up substituting hydrogen.énd carbon
dioxide for oxygen. These experimental results showed that
oxygen accelerated the re-solution of fibrin, while hydfbgen

and carbon dioxide tended to retard the re-solution.
Insert Table V.,

Broth cultures were made of these solutions, they showed .

faint cloudiness after 24 hours. This entire experiment was
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repeated using sterile tubes and pipettes. Broth cultures of

these showed no growth until after the 40th hour and then the
growth was very, very faint. From this the process of re=-
solution cannot be attributed to the presence of bacteria,
not mentioning the filtrable viruses, of course, since the
rate of solution of fibrin were simultaneous with the first

set of tubes.

Next I decided to find out what effect these gases
had on these proteins before the starting of the clotting
experiment. The results are given in Table VI.. The gases

. were passed into series of tubes each containing about 5 co.
of the preparation of fibrinogen, prothrombin, cephalin and
thrombin; clotting was performed with these samples after
48 hours of exposure. to these gases at room temperature. It
was found that such oxygenated solution of fibrinogen was--
coagulated by thrombin in 19 hours, fibrinogen treated with
carbon dioxide in 5 hours, and by hydrogen in 1 hour end

55 minutes.
Thrombin was the least affected by these gases and:-
cephalin was slightly inactivated by all three gases. The

. effect of oxygen seem to be to change the proteins and cephalin -

;ﬁ such a way to delay coagulation,

Clotting was performed with ribginpggn, protp;ombin. .
cephalin, and thrombin again arte: n%nef¢9ys“orﬂexp9§gre, ‘;t

was found that fibrinogen was incoagulable by thrombin, cephalin
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was completely inactivated. Thrombin was slightly inaotivated
in this experiment. Perhaps the cephalin was partially
destroyed; it seems that cephlin was more stable in the presence
of prothrombin and calciunm,
Insert Table VI,

Broth cultures were made from these tubes for the
presence of bacteria, after 24 hours incubation. Samples
prepared with no sterile precautions showed bacterial growth
in 24-36 hours, but those in sterile tubes showed no growth,

A As result of this investigation on the gaseous influence
- oxygen is the variable factor in the process of coagulation,

its presence in the tube containing fidbrin in water hastens

the re-solution, its presence before the onset of ooagu{ation

inhibits the clotting of fibrinogen by thrombin.

The fluidity of the blood in the vascular system is
verhaps, maintained in part by the presence of the excess -
oxygen, whiqp is carried by the red blood corpusclés, to
oxidize the cephalih liberated from time to time by the destruct-
ion of the platelets, or liberated from the plasma. proteins.

At the same time, fibrinogen is preserved in an 1nactive Btata
by 1ts union with some other proteins. Any fibrin that 13
formed is immediately re-dissolved by’ oxygen. Perhaps, oxidase,
hématoporph&rin and_vitamins or hormones'glso play;some part in
tiis solution phse of.clotting. Boyd (17) (unpublished work) |
of this labofatory haé found that ribrinogéh éxposed to ultra=

violet rays for 6-8 hours was incoagulable and when hematoporphy-

Rl
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rin and oxygen were present fibrinogen became incoagulable in

2 hours by thrombin.

In oirculation cephalin complex is only dissociated’
when there is a disturbance in blood protein equiiibrium§
the same is true of fibrinogen. 1In death, clotting is very
slow in the vessels due to the presence of oxygen in a large

amount, regardless of the cessation of its intake and from the

gradual disfunctioning of the erythrocytes. The ox&geﬂ is
gradually diminishing in quantity Qué to the continuatién.o}'
metabolism in the body after death the carbon dioxide is slow~
"ly accumalating with the acids. The clotting will be the
result of lack of oxygen and 1ncrease“1n carbon dioxide and
metabolic products. Body blood clots when the optimum oxygen-.

diminishes or it may be that prophyrins are decomposed.
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III. Analysis of Fibrin Solution.

Fibrin is now known to go into solution like the
natural blood clots, and albumose and a new protein, fibrinose

(£ibrinose-globulin - Hammersten (6) are found with the

unchanged prothrombin in the fibrin solution.

About 1 to 2 grams of fibrin were used in this
experiment. This fibrin pfeviously washed and dried was
allowed to stand in a vessel plugged with cotton containing
200 cc of distilled water and 25 cc of 0.9 ﬁer cent sodiunm
chloride. The re-solution was generally completed after 15
to 30 days standgng in the ice box. . The vessel containing
the re~-dissolved fibrin showed an 1psoluble fraction settled ;
in the bottom of the tube. b

A portion of this faintly yellowish colored 1naoluple

’

substance in the bottom of fibrin solution was extracted
with hot benzene and there was found to be some extractable
matter present. The loss in weight after benzene extraction
of the insoluble fraction was due to the lipid present.  The:
fatty material which was extracted with water from the benzene
extract, removed of benzene by drying the extract at room '
;emperatufe, was found %o be'inéo@ivé’in clotting. It -
failed to activate prothrombin to thrombin in the presence -

-
) v .ot

of calcium.
About 2 co. of fibrin solution was heat ‘coagulated

at 80°C,, the coagulated proteins were filvered off and this

heated again to a little higher teméerature, cooled and
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filtered again. The filtrate was tested for aldbumose with

S per cent phosphotungstic acid. There was very faint cloudine
an evidenoce of albumose present in a very small amount.

Broth cultures of fibrin solution showed no bacterial
growth after 24 hours of incubation at 38°C. Samples of
fibrin where precaution for sterility was omitted showed

growth, DBacteria did not facil.tate re~solution, eince lysis

took place in those tubes which were sterile at about the

same rate. .

Fibrin solution was fraetigqed with neutral salts
like plesma to see if fibrinogen and prethrombin eould.be
4reeovered. To 200 cc. of the fibrin eelution, sodium chloride
was added to one~half saturation. There was a slight ”
opasescence. The precipitation was not heavy enough to ool-
lect the material for examination. This was filtered and .
to the filtrate sodium chloride was added ‘to saturations. A
copious amount of precipitate was now formed. The globulin
was collected on a filter paper. The precipitate wae removed'
with a spatula and dissolved in 20 cc. of 1° per cent eodium -
chloride solution. After the removal of fibrinogen, ammonium
sulphate was added to one-half saturation t0 preoipitato the

* prothrombin from the filtrate. The preoipitate wae eolleeted

on & filter paper, dissolved in 20 ¢c. of water, and then '
dielysed by running tap water for 12-24 houra to rerove the

sulphate. SOme globulin was precipitated in the prothromhin

in the dialyzing tube.
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The fibrin used in one case was composed of 135

mgms. of fibrinogen end 195 mgms., of prothrombin, after the
re-solution the fractions recovered by the above process
gave 1095 mgms. of protein coming down on saturation with
sodium chloride and 205 mgms. of prothrombin. The difference
in the two weights of fibrinogen was due to the hydrolysis.
The increase in weight of prothrombin was due to lipids and
albumose precipitated with prothrombin.

Fresh solution of Pibrinogen was coagulated in 2
minutcs by this recovered prothrombin whioh had been urevious-
ly activated with cephalin and caloium to thrombin. An
active thrombin solution did not coegulate the new'globulin

fraction., Fibrin formation is not a reversible chemical
reaction, one of the constituents was changed, that is
fibrinogen, into this new protein, which I have called ribr;nose
(£ibrino-globulin~-Hemmarsten) (6) by the action of thrombin.
However, thrombin could not be recovered es such but as '
prothrombin. Fibripgse was heat coagulated at 65°0.-,apd
prothrombin at 71°c;,:this is the ééme coagulation tempergture
as the original prothrombiﬂrﬁsed in the exﬁe;imeﬂt.

Following series of tables and a graph show% the
results of ‘series of analyses of'fiprindgep,\b;oéﬁrbmbip:énd
thrombin before the coagulatign precess and' the results of
series of analyses of fibrin solution, fibrinose and prothrome
bin fraction recovered from the fibrin solution.

Insert Tables Vi), VII| WIX; Gigph I.
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It is interesting to note. that the total nitrogen

remained constant. No non-protein nitrogen was found. How=~
ever, there was fluctuations in percentage of amino-nitrogen,
phosphorous, the carboxyl groups, calcium sh4 the extractable
lipids from the original solution of fibrinogen and thrombin.
The amino-nitrogen, calcium, aend phosphorus contents

are increased in the fibrinose with the slight increase in the
amino~acid carboxyls with a decrease in the peptide carboxyl
groups, The large fibrinogen molecule seems to‘heve been hydro-
lyzed into the nert simpler product fibrinose ehd albunose by
thrombin. This increase 1n the emino-nitrogen and the amino-

3 acid cerboxyls are an 1ndex to hydrolytio action of thrombin
on ribrinogen. This 18 characteristic or protein hydrolysis,
nemely the transformation of non—emino nitrogen ln the GONH

linkage into rree anino nitrogen end COOH as these linkings'

are hydrolysed with the rormation of these groupe. ‘
This evidence for thrombin to break the tibrinogen

molecule through peptide group is based en the rect thet dur- :
1ng hydrolysis of fibrin by thrombin amino groupe end oerboxyl
groups are progressively liberated. Second, the poeltive '
biuret reeotion 1s given by substances which eontein thle
group and elso by their pertielly hydrolyzed produote s
(proteosee) whieh are liberated 1n equel emount, sinoe there
ls no ehenge 1n the eeidity. Solution or rlbrin ls very, e
very ralntly eeid to methyl orange (pH 05 l to $.4) with |

trensmitted 11ght, there seeme to be no epparent ohenge 1n
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color by reflected light. The mixture of fibrinogen and
thronbin also gives this slight indicator change before
clotting.

Analyses of prothrombin recovered from fibrin solu-
tion showed quite a decrease in the amino-nitrogen and a slight
increase in the two carboxyl groups, phosphorus and calcium.

Chemical analyses of fibrin solution showed an increase
in the amino-nitrogen. This was due to the hydrolysis of the
thrombin-fibrinogen union in the presence of water on standing
with the subsequent formation of fibrinose and albumose.

- This disruption of the union does not take place in a short
time, it takes from several days to several weeks.

Another finding of 1mporténce was the change in the
heat coagulability of these fractioned protein from.the fibrin
solution. The original fidrinogen which was coagulated at - .
56°C. -now changed to 65°C. The original prothrombin was
coagulated by heat.at 729C. and the recovered prothrombin'was
coagulated by heat at the same temperature. As-far as the heat
6oagu1ation was concerned, there is apparently no change in - -
%he physiéal property of the prothromb%n from the@oriéiﬁhr~f
preparation. Fibrih solution.was ooagulated by heat at 80°C.

The tables showé that the tﬁrombin molecule contains
more amino groups end amino-acid carboxyls than the fibrinogen
molecule, Hence,'these groups are respoiisible in the union
with the cafboxyls and amino groups of fribrinogen to form

fibrin. Even the}pfesence of these reactive groups do not
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totally answer the question of the aotivity of thromdbin, since

thrombin convert more fibrinogen than the sum total of these
groups present,

. In the synthesis of proteins the end carboxyls and
alphaanino groups are not the only groups responsible for an
acid and base neutralizing power. Very small proportion of
nitrogen is in the form of amino group (edgstin 1.8.per cent
as - amino=nitrogen, fibrinogen 1.95 per cent and thrombin

. contains 3.33 per cent). the amide group CONH”is res;onsible
for peculiar conversion-fibrinogen-to-fibrin. The breaking

. of this group must be laid to cephalin-“and calcium which
activates prothrombin.

When cephalin is aotivated with cephalin and calcium
the free amino-nitrogen of prothrombin are decreased to about
one-half to one~third the original amount,-the carboxyls remain
the same. Cephalin, acid in reaction, combines with the free
amino group, calcium then combines with the OH groups of the
phospnoric acid unit in cephalin, the HCL foimed unites with
the other free amino group fo the protein to form the R-NH3CL.
This group is now more reactive than the free amino groub'and

unites with the carboxyl groups in fibrinogen.
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(o) Presence of Albumose in Fibrin Solution.

It has been found that albumose was formed in
the fibrin solution with another protein which is coagulated
by heat at 65°C.

Hammarsten (6, ) was the first to discover that

substances found in the solucion of fibrin were different
from the substances entering into the clot.. He called this
splitting "deboublement"” giving two new fractions in the
solution, yielding one substance which coagulated at 56°
and another at 64°C. Mills in his study of fibrin formation
has found that re-solution of fibrin was associated with an
ultimate chenge in the fibrinogen fraction which is coagula-
ted by reat at 759¢, instead of at §6°‘11ke the original
preparation. In his fibrin solupionﬁthere was no non-protein
nitrogen present, thus exoluded thé proteolytic action.

I have found a protein which was coaguluted by
heat at 65°C. and prothrombin was recovered praotioally un-
‘changed and also some albumose. Since it was obtained by
the hydrolytic action of thrombin on fibrinogen giving this
substance and albumose. This heat coagulable protein was
"fairly noticed by VWooldridge and he called”it'fibrino-globulin.

Prothrombin ‘and fibrinogen solutions used were free
from albumose. ' It was tested in the following way:™ ° -
Total protein was removed by firét'caégulétiné'thems

at their respeotive temperatures, fibrin solution waa heated

,to"ap?g., This was cooled and filtered to” remove the coagulum.
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¥or further analysis, the old fibrinogen solution was

subjected to chemical analysis, the results are given in Table XI

Insert Table XI. Graph II.

It is clearly shown that aged fibrinogen by its
precipitation with sodium chloride agrees very closely to the
new protein from the fibrin solution. They are both coagulated

" by heat 62-65°C, The amount of free amino-nitrogen is the same
in both fractions of fibrinogen. There is more increase in
- the carboxyl groups after f£ibrin formation that it is formed
on standing. This is due to the thrombin action of the
" fibrinogen.

The change in Qibrinogen from the active to the inactive
stage may not bepdue only by the action of thrombin, but it
may ocour on standing. This change may occur by its exposure
to air or by dilution with water. The . amount of lipid present
is less than that found in the recovered fibrinogen solution,
this is tobe expected since there was no addition of surplus
cephalin in the form of thrombin,

This denaturation of fibrinogen may be due to hydrolysis
where another protein is loosened rgom the fibrinogen, the
latter being more unstable when it is dissociated. There is
no evidence as to whether one is dealing with a single protein,
or with a mixture, or of a compound of 2 or more proteins when
the proteins are precipitated from each other with salts. Under

similar conditions of precipitation and reprecipitation, the
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game product should be obteined theoretically. But it has been
shown in cases of globulins, never two fractions have been
separated purely from each other as shown by the presence of
a protein heat coagulable at 75° in a solution of fibrin.

These combinations are soluble in Hp0 or diluted salt
as long as the soluble portions are in excess, but on standing,
the soluble portion is split off by simple dissociation process,
the remaining combination becomes richer and richer in the
sparingly soluble fraction and lastly preoipitates, like the

_brecipitate formed in the denatured fibrinogen solution or
in prothrombin.solution, at first these sedimentations slightly
affeot the action of the preparation but soon as the amount

inoreased fibrinogen and prothrombin solution became inactive,

such sediments are also found in thrombin and fibrin solutions

on stending.
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Part 11l.

Evidence has been presented to show how thrombin
transforms fibrinogen into fibrin and how it breaks fibrin
down to fibrinose (fibrinoglobulin) and an albumose.
Thrombin is fourd n the fibrin solution as shown by the
fact that it can coagulate fresh solution of fibrinogen.
This property was found to disappear quite rapidly on
standing.

The following experimental facts are given to
show what thrombin is - its properties and its constitue

tione
Ve Properties of thrombin.

(a). Inactivation of the Thrombin Solution on Standing.
It is well known that thrombin solutions
deteriorate rapidly on standing; but the nature of the
change occurring in it 1s not still unknown. The reap-
pearance of thrombin in old serum on the addition of
dilute acids and alkali was found by Schmidt (19). The
changed thrombin was called metathrombin by Morawitz
(20). It was suggested by Bordet (21) and Mills and
Mathews (22) that this inactivation of the thrombin or
serum was due to a dissociation of thrombin into
cephalin and serozyme. The change is knovm to be very

. rapid. This serum taken &t once from a clot,‘if it be

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



3
_Injected into the jugular vein of a rabbit, kills the

rabbit by intravascular clotting, whereas it is allowed

to stand fifteen minutes or-'more, large amounts of such
serum may be injected without causing clotting. A similar
loss of activity 1s shown with serum left after the action
of fibrinogen. Both serums taken immediately from a clot
will clot oxalated plasma almost instantly, whereas after
it has stood 2-3 hours at room temperature it will clot
such only after several minutes tc several hours.

The thrombin prepared in a dry form by Collingwood
(23) was very active in vitro, but produced no intravascular
coagulation.

The nature of this inactivation of thrombin was
studied. The first experiments were designed to see whether
the purified thrombin prepared from prothrombin, calcium
chloride and cephalin emlsion in the proportions of 2 cc.
prothyombin, 1/2 cc. of 1 per cent caleium chloride solution
and 1/2 cc. of cephalin emulsion containing a known amount
of cephalin calcuiated in the dry weight, would lose activity
on standing. It was found that it did and at a relatively
raﬁid rate at the start, but a residual activity continued
for a long time. Furthermore some solutions remained active
for a long time in the ice box without any antiseptic being
added; whereas others lost thelr activity quite rapidly.

In contrasting these solutions it was found that

Strong solutions preserved in lerger proportions of their
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activity than did dilute solution. In fact, tho more
dilute the solution, the more rapid the deterioration.
This is shown in the following experiments. The.results
Are tabulated in Table XII.

Insert Table XII.

It 1s obvicus from the table that greater the
concentration of protein per cubic centiméter greater 1s
the stability of the protein solutions. For instence, pro=-
thrombin solution containing 5.2 mgms. per cubic centimeter
vhen it was activated with cephalin and calcium chloride on

. the third day after its preparation clotted fibrinogen in
one hour and ten minutes, the sample containing 29.5 mgms:
per cubic centimeter when 1t was activated to thrombin in
the usual way at the end of 3 months standing in the ice
box clotted fibrinogen in 5 minutes. Fibrinogen solutions
.containing 3.54 mgms. per cubic centimeter lost its coagula-
bility in 2 days, while the sample containing 20.;‘mgms.
retained its coagulability till the 20th day. It was
clotted by active thrombin in 15 minutes, the original time
was 2 seconds. Fibrinogen on standing gradually lost its
original activity, nevertheless, it shows clearly that con-
centration of protein in solution prevents rapid inactiva-
tion. Thrombin solution also loses its activity slowly on
standing in the ice box, however, much slower than if it

was allowed to stand at room temperature.
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In seeking for the cause of this inactivation of
the thrombin it was observed that although the original so- I
lutions were clear and sterile, yet on standing there slowly
settled out a faintly yellow, or sometimes a white, gelatin-
ous precipitate. The precipitate was examined for its
activity, and contrasted with the activity of the super-
natant clear filtered liquid.

The precipitate was washed on the filter with 1

. ber cent sodium chloride or in distilled water. It was,
therefore, neither globulin nor albumin.l After drying at
389 C. it yielded to successive extractions of ether and

- benzene between 2-5 per cent of its weight in different
samples to these solvents. This material was apparently
1lipoid in character. It was insoluble in water, but emulsi-
fied with the water. It gave no Pettenkoger reaction, thus
indicating that it contaiﬁed neither oleic nor any other
unsaturated fatty acid. a

The addition of this emulsion to prothrombin solu-
tion together with 1little calcium chloride or without the
latter, failed to clot the fibrinogen.

The protein residue after extraction with ether
and benzene falled to clot a fibrinogen séluiioﬂ'when added
with a little calclum chloride and cephalin. The protein
residue gave a biuret test. o

The thrombin precipitate contained most 6f:ﬁhe
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- activity, whereas the supernatant 1liquid was less active.

Hence, most of the activity of thrombin was precipitated
out by standing in the ice box (706.) in a sterile condi-
tion.

The relative activities of these materiasls and
of the protein freed by benzene and ether of its extract-
able 1lipid were tested on 2 cc. lots of a fibrinogen solu~
tion of thg usual strength. The sediment was tested by
dispersing it through an amount of a 1 per cent sodium
chloride solution equal in volume to that of the original
sample,

Equal volumes of this suspension and of the
supernatant liquid were added to 2 cc. portions of the
fidbrinogen solution, the clotting time was observed and
the weight of fibrin deterpined. The results are shown in
Table XIII.

Insert Table XIII.

An inspection of Table XIIL shows that most of
the activity was in the sediment. It ‘clotted in 3 minutes
and ylelded 3.5 mgms. of fibrin ‘determined by direct
welghing of the dry mafefial) whe;eas the supernatant
liquid clotted in 20 minuteg and ylelded 2.8 mgns. of
fibrin. The mixture of the two in equal parts clotted
fibrinogen in 5 minutes and ylelded 3.0 mgms. of fibrin.

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



e

, Ta \o‘t. m
ﬁe.-\.’... L3 ° T\\V‘OML.“ K e
1GQ—"}.$ -] clo. .. C"} q

{:,L o 'im.an& A A ‘ﬂt‘\. Tt Ay ay u;;.:&\; Voeg
e flengle pawine | va LTI T e g
i N\ hre i ™ 3 ‘ ‘ ‘ ] Ma\
A Teas by 17 i .
. - e O v one ..? - o b0 e S -~ kY
i . T Y yag .‘./3 / —...s ...z... i o 1o I K, o WHU SEION .6. v
o | ! a
) T"‘v‘oudn.j /. 70 . /ﬁ gy} * $ol0 I T sB e j 2
é Sedivnenn S t 1 ?
: * e g head ( : z
lo3) ThemhinlJ 20 11,.'5 S AN SN SRV T, 3. OO £ LIS DYy
‘ c'o.gl. - ‘g.h,‘ : % H P I
4 { B i
;-—-—»%-. ol Tkv‘“k‘ v -..2.2 . 1:30- 6 /"V»’r-vio«—- 4.'-n~ ﬂ-"-wd‘ - -3nm "(T\qm-‘! 2P g /o d e b apokn.

< : ) . 2 by
4 . ; =

i

l

.-

- ’.‘mum-’.-—un'c---qovth-‘ oy g g oy
#* Sedimant "sﬁOM T‘\f‘mb,..’ ento hiow wasthed wid saline
T A Aty , Seos R.“L‘** M acline Vealvwme Yo .& "‘:Q;“.J. +\'\¢‘°ML:~‘

. a0

0.’

Yot K’V"‘ T e g e Adkadd (Redracd te
Exg &‘:h-cn-éﬂ-i '-§:‘: ..\.‘\
J\O...., ;.s.‘..Mgk -wﬂ-«-»»‘ Y"‘ "l Aol oras o .ﬁ “f’bvn»
Tee- :

[ T\\vlw&\.;‘ ZC-O )

L optvrnaleont

2 \ Yo .. /’
. XORs WA, knn omn &R taivanite o Tr asonmitan shomqstmarated
washed ) ' {

Y FIWWIVIL

B ettt ol LT Lo nie
S,
T&M‘Oﬂ_.!.plsua- \s:hm',-.v;: 14-—-»-

Saime oA Ot i v
| | jiefaetin

P ¢,f¢.\\¢¢. Wentoveuieuk of . .
c\e o ) vesiriown Nv\\\ o i Wwbd ey

wolew,

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



Co
?he clot thus formed dissolved (or contracted) more

rapidly in case of fibrin formed from supernatant liquid
than ﬁith the sediment of thrombin solution. Fibrin made
from thrombin sediment 4id not dissolve within 24 hours.

I next examined the composition of.the sediment
and compared this material with the supernatant fluid,
with a sample of thrombin prepared by Schmidt's (24)
methoq of alcohol precipitation ?rom serum, and with an
active solution of fresh thrombin made as usual by the
addition of cephalin and calcium chloride to prothrombin,

Total nitrogen was determined by Micro-Keldahl

. method on a given volume of the solution containing a
known smount of the substance calculated in the dry form,
and amino~nitrogen by micro-Van Slyke method.

Free carboxyl groups were estimated by the
method of Willstatter and Waldschmidt-Leitz (25). By
this method the carboxyl groups of aliphatic amino acids
may be titrated directly in alcohol medium. Alcohol
suppresses the basic properties of the amino groups and
develops the acidity of carboxyl groups even in the
presence of the armonium and the phosphates groups, thus
At insures more exact results than the Sorensen method.
,?his procedure differentiates between the proportions of
. amino acid carboxyls and pepitide carboxyls‘by the con=
.centration of alcohol used. The methoa in detall isnéé

follows:
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. Two cublc centimeters of the protein suspension

or solution is pippeted into a §0 cc¢. Erlemeyer flask cone-
taining enough alcohol to make 50 per cent, the peptides
are precipitated with their free carboxyl groups, this is
titrated with N/10 alcoholic KOH using thymolphthalein as
tho indicator. At thé pH. of the indicator the protein
goes into solution leaving no turbidity, this is the iso-
electric point (appearance of the blus color) of the
peptide. The amino acid carboxyls are titrated in 95 per
cent alcoﬁol, 25 cc., Oof it 1s added to the same flask
after the titrgtion of peptide and titrated again with the
"alkalli. Blank reading for alcohol 1s subtracted from the

~ total reading, and the result is given in cc. of N/10

" alcoholic KOH used.

These results were compared with the clotting - .

time and with the quantity of .1ipid extracted by ether
_and benzene from the dried residue, the results are

shovn in Table XIV and Graph 1ll.
Insert Table XIV and Graph 111.

From this teble it will bo seen‘that all of the
thrombin contained from 11 to 13.5 pef‘ceht of'fotall
nitrogen based on the total dry substance.. No narrow

" relation appears between the total nitrogen and the clot-

ting power. Fresh thrombin with 4 minutes clotting time

o
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34
contained material with 13.6 per cent nitrogen; this was

the highest nltrogen possessed the greatest clotting
power; the Schmidt's thrombin contained least nitrogen
and had the weakest clotting power, but the supernatant
substance with 12.88 per cent nitrogen clotted fibrinogen
in 6 minutes while the sediment with 11.6 per cent nitro=-
gen clotted fibrinogen in 5 minutss,

There was, however, a fairly close relation
between free amino-nitrogen and the clotting time. The
product of the number of grams of free amino-nitrogen by
the clotting time was approximately a constant of the

. value of about 1.3 gram-minutes. The product of the pepe
tide carboxyl by the clotting time was obviously not
constant. -

The percentage of 1ipid extractable from throme
bin also shows no relation to clotting time. The material
in the supernatant liquid had no extractable 1ipid, except
for a trace. This clotted fibrinogen in 6 minutes, where-
as Schmidt's thrombin contained 11.0 por cent extractable
1ipid, but 1t clotted fibrinogen only after 20 minutes.
Freshly prepared thrombin that was very active had 13.25
per cent of extractable lipid. Of course, in these deter-
minations the dry material was obtained by simply evapore
ating the solution to dryness; and this dried residue con-
.tained free as well as combined lipid and salt and pro-

‘teins which was extracted with the 1ipid. . e
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The general result is to indicate a relation=-

ship between the number of free amino groups of the throme
bin and its activity.

The conclusion which seems most probable is that
the thrombin unites through this group with the fibrino-
gen. This 1s borne out by the fact that thrombin treated
with formalin, which is known to unite with amino groups,
and so to block them, will no longer clot fibrinogen, as
shown by Dr. Dunn 15 our laboratory (26).

The fact that the supernatant liquid, which 1s
not very active contains a protein and a trace of 1ipid
.extractable by ether and benzene, whille the sediment which
is more active, contains nearly 29 per cent of lipid so
extractable, indicates that the change in the thrombin
which occurs on standing 1s that suggested by Bordet and -
Gengou, and Mills namely, a dissociation into cephalin
and serozyme (prothrombin). There are other facts pointe-
ing in the same direction, namely, the recovery of proe
thrombin from fibrin, as shovn later. And also the fact
that thrombin thus aged and inactive becomes sctive again
on the addition of fresh cephalin, calcium 1s not
necessary.

Thrombin thus resembles closely tissue fibrino=- -
gen, since, as Mills found, 1f the lipid be extracted
from tissue fibrinogen, it loses its clotting powers and

becomes inactive and even powerfully anti-coagulant. The

.
'
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clotting power is restored by re-addition of cephalin

to the anti-coagulant. The difference between them is
the much greater ease of dissociation of cephalin from
thrombin than from tissue fibrinogen. The difference is
that tissue fibrinogen clots fibrinogen only in the ‘
presence of calcium ions; whereas thrombin does not re-

quire calcium.

The relation of the clotting power to the amino
nitrogen indicates that a part of the molecule of the

thrombin 1s protein, or peptide, in nature.
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(b) Is Thrombin ;1Protein?

The preceding facts indicated that thrombin was
a protein, or contained a peptide of some nature in 1ts
molecule in addition to cephalin and calcium.

If it is protein, it might be inactivated by
digestion either with pepsin or trypsin. Schmidt (27)
thought that thrombin itself was not a protein, since he
obtained active thrombin solutions which gave a very feeble
biuret reaction. But this reaction is very delicate. It
might very well be that the enzyme 1tself was not protein,
but was ordinarily united with protein, since it must com-

"bine readily with some proteins since it unites with
fibrinogen.

If thrombin is digested by pepsin, it shows that
it hes one or more free amino groups as stated by Hugounenq
and Loisleur (28). This will substantiate the evidence of
the presence of amino groups in thrombin as shown in Table
XV. Pepsin is considered an acid enzyme or it contalns
an acid group, hence it must attack the free amino groups.

To test the action of pepsin on it the following
experiment was tried.

A. Peptic digestion of thrombin,

Standard pepsin solution was prepared as follpws:

0.3 gme of 1:3000 U.S.P..pébsinéwas added to 100 ccs. of.

0.2 per cent HCl. To every one-half cublc centimeter of
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the 0.3 per cent pepsin solution 4.5 ces. of 0.2 per

cent HC1l was added.

One cubic centimeter of this pepsin solution was
added to each 25 ccs. of thrombin solution. These tubes
were incubated at 389C. for various lengths of time. Each
tube was removed from the bath at 5 minute intervals. One
cubic centimeter of this pepgin-thrombin solution was
tested with fibrinogen for clotting property.

In order to prevent the pepsin from acting on
fibrinogen, pepsin was destroyed by the addition of 0.3
cc. N/10 sodium :arbonate to the thrombin solution to

_ neutralization, before the addition of fibrinogen.

Table XV below presents the datas The activity
of thrombin was destroyed by pepsin under these circum-
stances in 20 minutes.

For the control, 1 cc. pepsin solution was boiled
and 0.3 cc. of N/10 sodium carbonate solution was added to
neutralize the acid. The pepsin solution thus treated was
neutrallzed exactly and was added to thromwbin. After 20
minutes of incubation, 1/2 cubic centimeter of this was
added to 2 cc. of fibrinogen: it was clotted in 5 minutes.
The control containing no pepsin at the start coagulated
fibrinogen in 6 minutes,

The results show that the thrombin activiyy was
completely destroyed in 20 minutes by pepsin. This could

not be meactivated by addition af fyash cophalin and calcium,
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’ Insert Table XV.

B, Tryptic action on thrombin.

Standard solution of trypsin was prepared by
adding 3 cc. of 0.5 per cent HC1l to 1 gm. of pancreatin
(Merck). This was allowed to stand 30 minutes, then 0.1
cc. of 10 per cent sodium carbonate solution was added
(red to methyl orange pH 4.4) and filtered. At this
acidity trypsindgen is activated énd trypgin is preserved,
while lipase and amylase are destroyed. To the filtrate
containing qnly trypsin 10 per cent sodium carbonate was
added until there was a faint red color produced with

' methyl orange. Trypsin was stabilized at this acidity
end this constituted the stock solution. It was pre- !
served with toluene end kept in the ice box (7°C. ).

| For the experiment, 10 per cent sodium carbonate
solution was ;dded to 10 cc. of trypsin solution to maké ‘
it alkaline to litmus for optimum activity (pHS8).

To each 25 cc. of thrombin solution 1 cubic
centimeter of trypsin solution was added. This was incu-
bated at 38°C. for various lengths of time. Each tube was
removed fror the constant water bath at 5 minute 1n;erva1.
The enzyme was destroyed by heating it to 65°C. before
th; fibrinogen was add§d¢

Insert Table XVI.
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At the end of first § minutes incubation this
treated thrombin coagulated fibrinogen in 1 hour and 20
minutes; at the end of 10 minutes incubation, fibrinogen
was coagulated in 3 hours and 45 minutes. At the end of
20 minutes of incubation the thrombin activity of the
thrombin trypsin mixture was tested and it was found to
be totally lost. There was no coagulation of fibrinogen
at the end of 24 hours.

Thrombin was digested not only by pepsin, but
also by trypsine. According to Willstatter and Waldschmidt-
Leitz's interpretation of tryptic activity (29), thrombin

. must be combined with trypsin (basic) through the
” carboxyl groups of the substrate in order to be digested.
Since thrombin is attached by trypsin, it must contain
carboxyl groups as previously shown in Table XIV.
C. Action of Lipase on Thrombin.

I next tested to see 1f lipase would destroy
the activity of thrombin by acting upon cephaiin.

Lipase solution was prepared by adding a téace of
bile {one to two drops) to 5 ccs. of 10 per cent water
extract of fresh hog pancreas (neutral to litmis). One
cubic centimeter of thils prepafation was added to 1 cc., of
1 per cent cephalin emulsion and after 2 hours of incuba-
tion at 389C. 1/2 cubic centimeter of this was added to
activate prothrombin calcium fo thrombin. This coagulated
fibrinogen in 14 hours.
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Insert Table XVII.

At the end of 4 hours of incubation lipase had
completely hydrolyzed cephalin as indicated by its fa;l-
ure to activate prothrombin-calcium mixture to thrombine.
Thrombin activity is tﬁen concluded to be destroyed by
the proteolytic eﬁzymes and by lipase in 2 hours.

It may be that the proteolytic enzymes were
the cause; or it may be that there may have been specific
cephalinase in each case. Billings and Professor
Mathews have shown (1) that there is such a specific
cephalinase .in the venom of Crotalus adamenteus,tand it
may possibly be also in the pepsin and pancreatin I used.
But this cephalinase will act on the combined cepﬁalin of
tissue fibrinogen and thrombin and not only on free
cephalin. However, the action on tissue extract
(Merrell's Fibrogenj cannot be said to be due to the come
bined cephalin since the commercial preparation contains
1/2 to 1 per cent of free cephalin, which if removed
destroys the coagulative property of the tissue extract.

From these experiments it appears that the
activity of thrombin is slowly-destoryed by pepsin and

trypsin but just how this was accomplishedgis obscure.
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-(¢c) The Influence of additional cephalin in thrombin on
clotting time. Weight of £ibrin formed and in re-
solution of fibrin.

It has been found that if the amount of cepha~
1in was less than that required to bind all of the pro-
thrombin to fibrinogen, a loosely combined fibrin was
formed (gel) and any attempt to remove the fibrin thus
formed with the glass rod was rendered impossible. The
thread-1ike appearance of fibrin manifested by those %
which contained high cephalin was absent in the gel clot.
. Table VIII shows that an increase in the
cephalin content causes a decrease in the clotting time
to a certain minirmum point beyond which the aéditioh of
more cophalin has no effect. The solidity of the clot

increased with the increase in concentration of cephalin.
~"Irxsm:r't Table XVIII.

' This experiment was tried to see what specific
effect, 1f any, en increase in cephalin might have on the
clotting time and also on the retraction or re-solution .

of the clot.

To an active thrombin solution alresdy contain-
ing sufficient cephalin (0.37 mgm.) for full activity

additional emounts of cephalin emulsion were added. Five
minutes werc allowed to elarse before fiorinogen solution

was edded.
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The results in Table XVIII show that the

addition to & cc. of active thrombin successive portions
of cephalin emulsion equivalent up to 2.59 mgms. cephalin
had a decreasing effect on the mean clott’'ng time as com-
pared to the control clotting time datermined with each
experiment. By the addition of 0.74 mgm. to 1.85 mgms.
of cephalin the clotting time was reduced from 2 minutes
and 5 seconds dovn to 1 minmute and 20 seccnds. The addi-
tion of cephalin above 1.85 mgus. gradually lengthened
the mean clotting time.

These results are fairly significant.

Controls were determined for each experiment,
since dllution of thrombin affects the clotting time of
fibrinogen. The volume of control tubes were made up
with 1 per cent saline solution equal to the volume in
the experimental tubes. The mean clotting time was taken,
that is the difference of clotting time betwecen an experi~
mental tube and a control tube.

It is obvious from the table that increase in
dilution of control (tube #11) lengthened the clotting
time from 3 minutes in the original undiluted control to
8 minutes in the tube containing 0.9 cé. of saline solu-

tion. This tube contained the same amount of cephalin,

0.37 mgm,, as in tube #l.
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The weight of fibrin obtained seems to be

dependent on the quantity of cephalin present in thrombin
from results tabulated in Table XIX. It shows a series
of tubes containing increasing quantities of cephalin in
a glven amount of preformed thrombin, which already con-
tained some cephalin (0.37 mgm.). The weights of fibrin
increased as the cephalin content was increased up to a
certain point. The weigﬁt of fibrin in the tube containe
ing only preformed thrombin, that 1s, the minimum amount
of cephalin (0,37 mgm.) was 3.1 mgms.; this fibrin weight
increased to 6.6 mgms. in tubes containing thrombin with
3«35 mgms. cephalin content. This constituted the maxi-
rum yield and any increase in cephalin above 3.33 mgms.

did nct increase the weight of fibrin.
Insert Table XIX.

According to results rrqm the data found in

Tables XVIII and XIX, the increase in cephalin in tr;e pre-
formed thrombin, firs% has a decreasing effect upon clote
ting to a certain limit (2.59 mgms.).and second, it has
an increasing effect on the weight of fibrin up to a
certein 1imit in the cephalin content (3.33 mgms.). This
increase in weight is not proportional to the clotting
time, since the maximum decrease in clotting timé due to

increase in additional ceéphalin content ceased when 2.E9
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9.
wgms. of cephalin was present, and the weight of fibrin

increased up to concentration of 3.33 mgms. of cephalin,
after which the weight of fibrin did not increase.

In addition to the increasing addition of cepha-~
1in content, constant quantity of 1 per cent calécium
chloride solution was added. This experiment was performed
to find if calcium has any synergistic action on cephalin
in the clotting of fibrinogen.

Insert Table XX.

Teble XX presents the following points; first,
with .the increase in quantity of cephalin and celclum in
thrombin, there was noticed a gradugl decrease in the clot-
ting time; second, with a decrease 1n.cephalin content and
an increase in calcium the clotting time was not decreased
to such an enormous extent from the tubes containing cepha-
1in in varying quantities. Calcium does not exert a very
marked decreasing effect upon the clotting time; thtfd, the
color of fibrin formed from thrombin containing more calci-
um were white like the colcr of chalk, while those formed
from thrombin containing minimum amount of calcium were
‘translucent. | ' | |

The weights of :ibrin did not increase as markedly
as when cephalin alone was increased. For instance, the

tube containing addition mgms. of cephalin in thrombin gave

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



Teble XX
; ) y Cepbolin 707
E o&,( ’ JJ/'/:dn -v/ (’o/oulm o
ﬁ[ TTreo bi'sy {n e/ohdimng Trime , wnjél Jf
/c:‘fn"), p :Fe—/u-a P P 7(’ Clo £,

RQ 'Ir a & tley
e 11% { wer ‘/ é . tod
Ho-s 9”7/' '*’f‘( . “ ‘i/'»:i ChALin "y ;:2}/,; - f fe &iu-l ¢
Thromby | ee 0P ) eeseinn Vo'’ Tk, 2 cowhre -
—'L—;;_, - ;) ﬂj’ ﬁ""}’fﬁ eomdrel x(
4] 7 4 .
) g min o 2 l‘ﬂ
72:25 2 2 2 _13¢/ AT ET
o
) , X8 R WA . A
= o,/ 323 1 0,0 ) “ 2.2 H{ v
3 " 0.9 5. 1L “ Y 34"{' los’ Jr ¥ ¥ 3 !
L] 013 ):{? 14 4 3 .’3.!' /’ 2.3 3'7 f/‘!f
J‘
vl O,0 {3.2% | 1 * Nstos /008 {av | 34 Vﬂf/.
. - ’ :‘ ” 3’
4 0.3 1258 " A XX / 2.3
T o 7
“ 0.6 V.vs « 1 1e” e 1s2 137 :
. . 340.}. A X
’ - 017 VA4 " “ s ::J: > Ilo. > ¥ Db k
} s
4da
9 0.7 o.7¢ - “ :;-: AL 1Y - ] ¥ cd
™ f '@, .97 “ 1 J" V.f‘: S‘,/.f“ 2 B 33"
7-n O } N Jd& .’J
. <
" [ YJ'
. /9 o ) “ 108 1e'eo ) 3,0 Ja.0
N K % _}
A\ o, ¥#o7 ) i /ﬁ'cd'” ras” 3.>~ | 3¢ d‘?". Yy
2% . ‘

Contral +vbes ecomdain m 4//;4/:»4/'6’.»//.//, or'en{cf'/m,
Hpo s llla( 4 maeke v fdo €402V volo mre,

/ 3 e ‘ f/c :.
t l?'clnae-[.‘on a/ elod Meersred éj 2illi e fery ¥ »r

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



v
a fibrin yleld (dry weight) of 6.0 mgms. (Table XVIII)
tﬁan in another tube containing both cephalin (3.33 mgms. )
and calcium (0.05 mgm.) gave a fibrin weight of 4.3 mgms.
I have obtained this decrease in fibrin weight containing

calcium in excess.
Calcium is not absolutely necessary in the coag-
ulation of fibrinogen, but it 1s essential in the conver-

sion of proyprombin to thrombin in addition to cephalin,
since prothrombin and cephalin mixture without calciunm
falled to clot iibrinogen. I shall mention in detail later
about the inlitlation of clotting with thrombin containing
no calcium (decalcified).
Another interesting result *hot was found in
this experiment concerns the rate of re-solution of fibrin.
- The more solid the clot, which meant higher concentration
of cephallin, the slower was the rate of its re-solution.
This can only be :xplained by the fact that a firm union
between thrombin and fibrinogen has been established at the
expense 0f the cephalin molecule and perhaps calcium. The
reason for slowed re-solution of fibrin containing more
coephalin may be due to the fact that cephalin has a-falrly
strong affinity for water and this decreased the amount of
free water present in the system to affect hydrolysis of
fivrin.
1. Does cephalin and calcium increase the number of -

carboxyl or amino groups?
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In order to explain for the activity of

thrombin when additional cephalin was added and also
calcium, determinations for carboxyl groups were made

to find out whether or not there 1s an increase in the
carboxyl groups. Sorensen test using formaldehyde was
used against the Willstatter method for comparison of the

number of carboxyl groups.
Insert Tables XXI and XXII.

It was found that there was a definite decrease
in carboxyl groups with the decrease in the cephalin cone
tent. resence of calcium did not seem to decrease the
" number of carboxyls. However, in the Sorensen titration
there was an increase in the carboxyl groups, which showed
there was an hydrolysis of same protein briught about by
the alkall in water, or 1t ﬁay be that cephalin united with
the nitrogen of the aminde grouping. .
Free amino nitrogen groups were not determined,
8o conclusions cannot be drawn from this experiment regard-
ing the liberation of free amino group. If the carboxyls
were decreased, then there should be a decrease in free
emino groups, provided they were combined with the carboxyls.
Tna activity of thromb’n may be sttributed to the presence |
of these groups.,

These determinations do not seem very significant
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as to the activity of thrombin and they are to be

determined in another worke.
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(a) Ioog throzbin carry cephialin to fibrinogen to
melo £ibrin?

Pekokharing (5) suggosted throzbin was a
cerrior of calolum to fibrinogon cnd tho celcium £ibrine
ogenate formed bocame £ibrine 7This view llammarsten
showved to be untenable (6)e Frofs Nills cuggosted that
yorhaps coplhielin was carriod over to fibrinogon to neke
£ibrin, ok

To detormine .this, I anslyzed the phosphorus done

~tent of ubrlnogor; gnd £idrine I cephalin was united to
ﬁbrinop;on the phdcphoms content of L£ibrin should be
highor than that of fibrinogen, aincs cephaiin contains

. 4 per cent of phosphoruse.

Tho results exzbodied in Table XXIII indicate in
80mo inatances a slight increnso of phosphorus in the
£1brin. %he amount, however, 1s within the liuits of
error of the rmethod, and in stne caaoz, there was a very
slight change cbaserved.

Thereforec, thet {idbrin conteins moroe phoophoe
1ipid then fibrinocgen 1is vory sligat. In these doterminge
tions naither tho £ibrin nor tho fibrincgen wers exiracted
with elcchol or ether baforo tho determinstions wers rades

Insert Table XXXIX,

k
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Fibrinogen when thus analyzed contained about

an average of 0.64 per cent of phosphorus and fibrin about
0.671 per cent.

The extraction of the lipid from both fibrino-
gen and fibrin gave very irregular results, owing to the
fact that free as well as combined cephalin was probably
embraced in the solution, since cephalin had been added to
the prothrombin to make thrombin. Very possibly an excess
was present and it was precipitated with the fibrinogen.
This result is given in éable XXIV.
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(e) Phosphorus Content of bloed proteins after
- extraction with benzene.

I next decided to find out whether or not there
were any increase of phosphorus in the molecule which
could not be extracted with benziene and it has been found
that some lipoid was attached directly to the fibrin
molecule as shown by the phosphorus determination after
the 1ipid extraction with benzene. This was not tho case
in the determination of 1lipid of thrombin.

Phosphorus was determined colormetrically by
the Fiske and Subbarcw (30) method. The phospnorus of
the protein was converted to phosphoric acid by digestion
with concentrated sulphuric acid. This phosphoric acid
was transformed to phosphomolybdic acid by ammoniunm
molybdate and it was then reduced by amino-naphtholsule
phonic acid in the presence of sulphites with the produc=-
tion of a blue colcr.

Practically all of the liplid can be extracted
from thrombin leaving only a trace of phospﬁorus as de-
termined by the colorimetric method above. They could ‘not
be extracted from fibrin and prothrombin, also from
recovered fibrinogen and recovered prothrombin obtained
from the fibrin solution. The increase in the percentage
of phosphorus determined after benzene extraction of the
proteins was, therefore, due to the direct attachment of

cephalin to the recovered fibrinogen and prothrombin, and
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fibrin. There was an evident irregularity in the extrac-

" tion of the phospholipid with benzene. The amount of
1lipid extractable by tenzene in thrombin is large, due to
the mechanical attachment or by its 1oose.union with pro-

thronbin, as showvm ;n Table XXIV.
. vsert Table XXIV.

There was some extractable 1ipid in fibrinogen.
It contained 0.867 per cent of phosphorus in the molecule.
It was increased from 0.8%7 per cent;to 13.20 per cent in
the recovered fibrinogeh, the extractable 1lipid of this
fibrinogen was now increased from 0.102 to 1.425 per cent.

Phosphorus was increased in the recovered pro-
thrombin fraction from fibrin solution froa 0.8C. to 3.38
per cent.

This phosphorus increase was due to the addition
-of cephalin to the fibrin through the thrombin, and its
increase in fibriquen and prothrombin showed that
cephalin mst have cowmbined with somoe groups in the

respective molecule. Just how this 1s accomplished cannot

be stated.
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(£f). The susceptibility of thrombin to heat.
Enzymes are usually destroyed by heating

between 60C and 70°C. Most enzymes are sald to be very
rapidly destroyed in aqueous solution below the boiling
point, although for example. according to Miyake and Ito
(31) Aspergillus oryzae amylase solution, suitably pre-
pared retains some activity even after heating at 100°C.
for 2 hours. Schmidt (32) has found that after 5 to 10
minutes boiling the thrombin action was entirely lost,
but it was not totally lost on heating tc 70°C. wWittich
showed a similar result with pepsin. Rennin (33) derived

" from stomach resists bolling. Hammarsten had found that
pepsin solution, which had been heated 48 hours at 40°C.
to weaken the rennin action cosgulatod milk in 6 hours
and 10 minutes. Prothrombin is coagulated and precipitated
at'58°c. according to Bordet (3) and Mellanby (4), but pro-
thrombin that I have prepared in the laboratory was coagu-
lated at 68-71°C. Thrombin activity was pertiaslly or come
pletely destroyed depending upon the length of time of
heating and on the amount of proteins coagulated éﬁt from
the solution. Dried preparations of enzyﬁes are usually
more statle, like thrombin, it was only slowly Qnaéﬁlﬁaﬁéd )
at 80°%. This point i3 shown when cephélin ebﬁlsioé.and
1 per cent calcium chloride solution are added to this

heated prothrombin and then allowed to stand for 30 minutes
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or even 1l hour, there was no thrombin present, .coagula-

tion of fibrinogen was negative.within 24 hours, or in
some case there was a presence of a very weak gel.

It 1is,0f course,well known that such coagulated
particles iay adsorb the enzyme and carry it down with
them and thus lead to the erroneous conclusion that the
enzyme has been destroyed. But this is not the case with
prothrombin, for I added to the suspeﬂsion-of coagulated
prothrombin both cephalin and calcium chloride, but I was
never able to obtain any clotting action on fibrin gel.
From this it 1s clear that prothrombin is very heat sensi-~

~ tive and destroyed by heating to 5800. for 5 minutes. -

Thrombin proved,on the contrary, to be extra-
ordinarily resistent to heat when'tﬂus tested;$but 1f the
gsolution was filtered first it was removed witﬁ tﬁe cbagul
lated protein. “

Table XXV shows a sories of tubes containing 6.0
ccs. of the active thrombin solution which were subjected
to various temperatures as indicated for 5 minutes. The
tubes were cooled immediately in cold water, and it was
shaken to secure a uniform distribution of protein. The
temperature of the thrombin solution was béought back to
%8°C. and fibrinogen solution was added. Clotting time

was noted.

Insert Table XXV. Graph 1V.
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There was apparently no coagulation of thrombin ,

at 40°C., while a slight precipltation of protein was
noticeable at 58°C. At 80°C. there was a fairly complete
coagulation of thrombin, since its filtrate showed only a
cloudiness upon further heating. Between the tomperature
of 100° and 110°C. the activity of thrombin was apparently
completely lost. The filtrate from thrombin solution
heated to 100°9C. showed a very faint biuret test. Addi-
tion of fresh cephalin emulsion and calcium did not restore
the activity of the thrombin.

In another test it was found that the washed
coagulated protein from the thrombin solution alone did not
clot fibrinogen. The protein has undergone a chemical
change by heating. '

The variation in the clotting time of the fil-
trate from heated thrombin, point ocut that the thrombin is
changed by heating. It undergoes irreversible inactivation
as indicated by the failure in the restoration of the ini-
tial activity of thrombin. As the temperature is raised,
the reaction proceeds more rapidly towards inactivation,
and in addition, the veloxity of clotting falla off more..
quickly, owing to the change of thrombin. This decrease
in fibrin formation may be explained on the basis that
thrombin activity is decreased in the proportion to the
smount of protein precipitated out (which are inactive)

from the solution of thrombin. Since not all of the
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proteins are precipitated at any one temperature.

Re-solution rate of fibrin formed from these
samples of heated thrombin was determined in this experi-
ment and 1t was found that the rate of re-solution was
slower in tubes which contained thrombin inactivated at
higher temperature. Thrombin heated to 90°C. showed no
sign of re-solution in 2 hours. 7This further supports
the chemical change in thrombin by heating.

This evidence of change 1s given in the shift in
carboxyl groups and the free amino grousp, as shown in |
Table XXV. |

The number of free amino nitrogen dropped ime
mediately when thrombin was heated to 52°C. from 10.68 per
cent down to 2.01 per cent, then gradually decreased at
80°C. and then there occurred a slight rise at 90° and
100°c. The peptide carboxyl groups were decreased fronm
13.2 per cent to 7.4 per cent on an average down to 3.68
and 2.49 per cent respectively, with an accompanying in-
crease in the number of amino acid carboxy;s from 14.39
per cent to 17.5 per cent. Whatever causes: this shift
in the reactive groups on heating cannot be explained here
until further study on this point has been dope.

The influence of heat on thrombin is of practical-\

ly 1ittle significance. It really gives a rough idea of
the stability of the enzyme preparation. The temperature
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of inactivation varies with the method of preparation

of thrombin. Mellanby claims that his thrombin is
destroyed by heat at 56°C.
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(g)s Influence of salts in the inactivation of pro-
thrombin and thrombin by heat.

In the previous experiment it has been:shown
that heating thrombin at different temperatures for a given
length of time partially or completely 1lunactivated 1t. It
was found that prothrombin solution cannot be lneated to
100°C, for 5§ mimutes and still be activated with cephalin
and calcium to clot fibrinogen, but prothrombin in the
presence of cephalin and calcium chloride is able to with-
stand heating to a certain point.

Clear solution of prothrombin was used to demon=-
strate this point in the experiment.

A. Prothrombin solution, 10 cc. of the solution heated
to 56°%. for 1 minute showed a very faint cloudiness; this
was filtered, and to the filtrate sodium chloride was added
to 1 per cent concentration. This solution containing the
salt was heated to boiling for 1 minute and filtered again
to remove the coagulum; to 2 cc. of the cooled filtrate
1/2 cc. of 1 per cent calcium chloride were added. After
30 minutes standing to obtain maximm act+vity, 2 cc. of
fibrinogen solution was added to 1/2 cc. of the activated
fiitrate. Clotting was noted in the tube after standing
15 hours at 38°C.

Prothrombin was heated to 80° and 100° and
treated as above did not coagulate fibrinogen in 24 hourse.
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Prothrombin was heated to 56° and 100°C.
without tlie addition of salt. They were activated with
cephalin and calcium to form thrombin. The thrombin made
from prothrombin heated to 56° coagulated fibrinogen in
one hour and while the latter formed no clot in 24 hours.
B. In this experiment prothrombin filtrate (previously
heated to 56°) was activated with cephalin and calcium and
after 30 minutes standing it was subjected to boiling for
1 minute and sodium chloride was added to 1 per cent con-
centration. The filtrate from this heated solution coagu~
lated fibrinogen solution solidly in 5 hours and 45 minutes.
The following experiment was performed to settle
the question of whether the presence of salt hastened the
inactivation of thrombin by heat. Active thrombin solution
was divided into 2 portions, A and B, of 10 cc. each.

1. Thrombin solution-zodium chloride was added to a con=-
centration of 1 per cent and the contents of the tube were
subjected to bolling over a free flame for 1 minmute.

Tnis heated thrombin was divided into portions
(1) ana (2). (1) was filtered and (2) was left unfiltered.
Two cc. of fibfinogen solution was added to 1 cc. of
tﬁrombin solution (1 filtered and 2 unfiltered) respec-
tively. The clot found in these tubes in 5§ hours was solid
in (2) and showed a very weak gel in (1),
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2+ Thrombin solution, this was boiled for 1 minute and
cooled, sodium chloride was added to a concentration of 1
per cent.

This sample of thrombin was divided into portions
(1' - unfiltered and 2' - filtered). (1') gave & gel clot
in 5 hours and (2') showed no clotting.

It 15 shown that additivn of salt to thrombin
before it was subjected to boiling hastened the inactiva-
tion, mich quicker than if sodium chloride was adder after
boiling. One per cent ammonium sulphate accolerated the
inactivation of thrombin much faster than sodium chloride.

Thrombin can resist a high temperature for a
short period of time provided the solut;on is fairly salt-
free and while prothrombin was found to be totally inacti-
vated, vhen it was heated to 80°C. for 6 mimtes.
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VI. Is calcium necessary in the formation of fibrin?

An attempt was made to analyze thrombin as to
the presence of calcium not precipitable by oxalats, which
is claimed to be responsible in the formation of fibrin,
according to Arthur (34). Calcium in thrombin was precip-
itated by the Tisdall method (35). To 10 s¢. of the
thrombin solution in a 15 cc. conical graduated centrifuge
tube, 6 cc. of a saturated solution of ammonium oxalate
was added. The contents of the tube were shaken and the
mixture was allowed to stand at room temperature for 1/2
hour. This was centrifuged at about 1500 g.p.m. for &
minutes. The supernatant fluid wes removed by simply in=-
verting the tube for a moment and allowing the fluid to .
flow out into another tube. This calcium-free thrombin
which coagulated fibrinogen solution in 12 hours. This
fibrinogen contained 0.15 per cent calclum.

Two per cent ammonium hydroxide was added to
the 4 cc. mark on the tube contalning calcium oxalate.

The precipitate of calcium oxalate'was thoroughly mixed
and the tube was again centrifuged 5§ minutes. This
process was repeated once more.

The crystals of ammonium oxalate were then dis-
solved by the addition of 2 cc. of approximately N/2
sulphuric acid. The contentsof the tube were heated in
& boiling water bath for 1 minute and was titrated with
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0,01 N KinO, until a pink color was obtained which persisted

exactly for 1l minute. The thrombin solution bave 0.2 mgm.
of calcium in the 2 cc. sample.

One-half of the quantity of the supernatant
fluid (thrombin) was evaporated with nitric acid to dryness
to destroy the organic matter and N/10 HCl was added to
acidity and excess acid was neutralized and the calcium
was precipitated in the usual way. No ppecipitate was
found in the tube,

All the calcium was then precipitated. The cal-
cigm evidently was not necessary in the transformation of
fiﬁrinogen to fibrin after active thrombin was formed.

The fibrinogen solution was not calcium free, this calci-
um may have induced the coagulation of fibrinogen when the
cephalin concentration was kept constant in the thrombin.
It was found that the clotting time was decreased in pro-
portion to the amount of calcium precipitated out with
sodium oxalate solution. . The results are presented in

Table XXVI.

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



I d
R4

Table XXVY

n\c.'.om v the Fn-wsa.'\-'.on o-ﬁ. F:\:v;k

‘, Qv snad Vo Cled '\;“Q Tow ey \'\u\-{lv-: o_g_
: . o ‘
“fi’ﬁ:’.&u_m ee. K, on, 4, ©
e~ 3
: AN
/leO € (3 o] Q:mlh' ° Q
o H
: oL f oy -
4
" 04 Vm v -
“ 1220 ll)‘r‘. Jdo m,'g “ .
. 4'“’ ' 7{ ) N
\
2 Lo (50 4 .
* 7R r a2 Y
_ 3.0 35 « ? b

é/’ﬂT"‘"‘M\.’h toul «ine .3 ™mas <o,

v

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



.
1147

Discussion.

The general result of the study 1is that
thrombin first unites with fibrinogen to form fibrin; and
that it then hydrolyses the fibrin with the formation of
a protein, which is coagulable by heat at 64~5°C. and an
albumose. Thrombin is, therefore, a proteolytic .enzyme
of a specific nature, and remains combined with the
fibrin 1t produces.

Experiments were performed with a definite
amount of thrombin and a variable quantity of fibrinogen,
the thrombin being present in an amount sufficlent to
convert all the fibrinogen that was added.

It was fount that the welght of fibrin formed,
after washing and drying (38°C. for 24 hours) was larger
than the weight of the added fibrinogen. This increase
in weight did nét change by frequent washing with dis-
tilled water, nor did it change on further drying. The
fluid left after the removal of fibrin when united with
the wash=water from the fibrin, was dried to constant
welght, and was found to be less than the welight of
fibrinogen or thrombin used. This showed that the
fibrinogen had united with water or thrombin or both to
‘make fibrin.

The fibrin thus formed, when it is carefully
washed and dried at body temperature, redissolves slowly
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on long standing in distilled water; but much faster if

the fibrin be placed in isotonic salt solution. This
solution is termed hereafter "the fibrin solution®. It
contains an albumin coagulating on heating to 80°C,

There was a small amount of coasgulation at 62° - 65%; but
most of the fibrin was represented by the protein coagu-
lating at 80°  This fibrin solution was capable of
coagulating fibrinogen solution when it was tested within
24 - 26 hours after the onset of lysias. This coagulating
property disappeared within 6 days. This was evidence for
the presence of some thrombin which had apparently dis-
gociated from its union with the fibrin molecule.
Albﬁmose was not found in this fibrin solution, at the
start, but & amell amount was present after the third or
fourth day. It was detected in the filtrate from the
fibrin solution which had been heated to 80°C. end fil-
tered to remove all the coagulable proteins. This albue
mose was precipltated with 5 per cent phosphotungstic
acld in sulmhuric acid (30 cc. in 1 liter). It was sure
prising thac the amount of this albumose found in the
filtrate did not vary in a fibrin solution § days from a
solution 4 months old. Whether this albumose was formed
from the hydrolysis of fibrinogen by a prolonged action
of thrombin, or whether it i1s one of the constituents of

the fibrinogen molecule, as is perhaps more probable, can
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not as yet be sald.

That thrombin combines with fibrinogen is sub=
stantiated by 2 experimental facts; (1) the presence of
prothrombin in fibrin solution previously carefully
washed with water and dried; (2) there 1s an increase in
the weight of fibrin over the welght of the fibrinégen
added to thrombin; this weight camnot be changed by
frequent washing with water. Thisis assumed that water
does not unite in the fibrin molecule.

Fibrin solution was carefully analyzed and it
was found to contain more free carboxyl and free aminc .
nitrogen groups than the original mixture of fibrinogen
and thrombin used in the experiment. This shows that a
true hydrolysis had occurred.

Fibrin solution contained a protein which was
precipitated by saturation with sodium chloride and it was
coagulable by heat at 6500. It was not precipitated, as 1s
fibrinogen, by half saturetion with sodium chloride. This
fraction contained a larger proportion of free amino end
carboxyl group and of calcium and phosphorus than fibrino-
gen. The total nitrogen was scmewhat leas than f£ibrinogen.
It 1s probably a modified prothrombin. I have found that
a fibrinogen solution standing in the ice box undergoes
the same change which 1s obtained much more rapidly by the
action of thrombin. The phosphorus content of this
fibrinose or fibrinoglobulin is not as high as in the
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fraction obtained from the flbrin solution, since this
fibrinogen hydrolysis was brought about in the absence of
thrombin actiog.

Another constituent of the fibrin solution is
another protein, which is precipitated by l/é.saturation
wiih ammonium sulphate. Thils substance precipitated in
part when 1t was dissolved in water and dialyzed for 24
hours with running tap water and was coagulated by heat
at 71-2°C. It was probably a serum globulin in part at
least. A solution of this substancé coagulated fibrinogen
when 1t was activated by the addition of cephalin and cal-
cium. There was a slight increase in amino-nitrogen and
carboxyl groups over that of the original thrombin solution,
but thia change did not parallel the activity. It contains,
therefore, most of the prothrombin perhaps attached to the
globuline |

The action of thrombir appears, therefore, from
the foregoing to be very analogous to that of rennin.
Rennin is a specific proteinase which hydrolyzes caseinoe
gen to form casein. Thrombin also resembles in a striking
fashion a fibrinogenase of the venom of Crotalus adamenteus
a3 studied by Blllings and Mathews (1), in that both form a
protein with fibrinogen which is heat coagulable at 80°C.

and an albumose like substence.
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I have found that re-solutlion of fibrin by
thrombin or some other protease is accelerated by the
presence of oxygen. Fibrinogen solution exposed to an
oxygen atmosphere for 19 hours was found to be completely
incoagulable by thrombin, while the activity of the
thrombin is only slightly diminished.

Evidence has been presented to show how thrombin
transforms fibrinogen into fibrin and how 1t breaks
fibrinogen into fibrin and ultimately redissolves the
latter and splits off albumose. The following observae
tions andﬂdata are offered to describe the properties of
thrombin.

Thrombin is & substance produced by the activa-
tion of prothrombin (serozyme of Bordet) of blood plasma
with cephalin end calcium and 1s capable of clotting blood
fibrinogen.

l. Preparation of prothrombin and its conversion to
thrombin. It has been found that the thrombin solution
deteriorates on standing, just as does serum taken from a
clot. A clear thrombin solution deposited a sediment rich
in 1lipoid on standing in the ice box, which i1f it were
removed and washed possessed a much enhanced coagulant
activity compared with the supernatant portion of the solu=-
tion. The-e was no relation faund between the total nitro-

gen in this precipitate and the clotting power, but the
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product of the cl cting time by the number of free amino )
groups was fairly constant. The number of these groups in
various samples of thrombin was not, however, constant.
There was more 1ipid (cephalin) matter found in the
thrombin sediment than in an equal quantity of the
material left in solution in the supernatent fluid. The
coagulant property of this sediment gradually decreased on
standing, perhaps due to the oxidation of cephalin cone
tained in the insoluble fraction, because when cophalin
emulsion 1s exposed to air, it was found to lose 1its
activity.

2. The activity of thrombin was decreased when exposed
to action of pepsin and trypsin, and also lipase, Thron-
bin 1s not as thermolablile as one belleves it to be.

3« The activity of a thrombin solution was decreased
in proportion to the amcunt of protein precipitated out
from 2 thrombin solution 5y heat. In other words, the
inactivation of thrombin was proportional to the increase
in temperature. But a thrombin solution heated to 100°C.
for 5 minutes, but not filtered, was still able to clot
fibrinogen, though at a rate much reduced from that of
the same solution before heating. The presence of
salts accelerated the inactivation of thrombin by heat.
Prothrombin was found to be more sensitive to heat than

thrombin. It was destroyed at temperateres between 70°

end 800 .
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4. . It has been found that the concentration of
cephalin affects the clott;ng time and the nature of the
clot. The clotting time was decreased in proportion to
the increase in cephalin up to 2.59 mgms. per 13.75 mgms.
of thrombin beyond which the addition of cephalin had no
affect. In addition, the increase in cephalin up to 2.59
mgms. decreased the rete of re-soclution of the fibrin and
the welight of fibrin obteined increased up to a cerhalin
addition of 3.33 mgms. per 13.75 mgms. of thrombin (con-
tains 0.37 mgm. cephalin).

Thrombin,after complete removal of its caleium
by oxalate (this thrombin was ashed with nitric acid,
this ash gave no oxalate of calcium) coagulated fibrino-
gen in 12 hours. The fibrinogen, however, was not calcium
free (q.is per cent calcium).

The gradual removal of calcium from the formed
thrombin slowly lengtheneé the clotting time., If thero is
an excess calcium in thrombin, the color of fibrin is |
chalk white and fibrin formed from thrombin deficient in
calcium is translucent. '

Increase in cephalin in thrombin to a certain
1imit, that is 2.22 mgﬁ;. of cephalin for each 13.75 mgnms.
of thrombin, which 1s equivalent to 7.18 mg. of prothrome
bin, or maximum cephalin content of 2,79 mgms. (since

13,75 mgms. of thrombin contains 0.57 mgm. of cephalin)
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degcrease the clotting time. Calcium slightly enhances

the activity of cephalin in lowering the coagulation

tgme, but 1its effect 1s not very significant. The fibrin
yield 1s slightly less than 1f cephalin alone was added in
excess th thrombin.

Contrary to accepted facts that prothrombin is
heat cosgulable at 56°C., I do not belleve that protein
fraction, which 1s coaguleble at 56°C. 1s totally respon=
sible In tﬂe coagulation when 1t 1s converted to thrombin
by cephalin and calcium, because ; have found that pro=-
‘arombin prepared in the laboratory is heat coagulable
at 72°C. There is some protein in this prothrombin sclu-
tion which is coagulated by heat at 56°C., 1if this was coe
agulated protein filtered off and the filtrate upon activa=-
tioa with cephalin and calcium was found to coagulate
fibrinogen in 3 minutes. The control using the unheated
prothrombin clotted fibrinogen in 2 minutes. This result
is obtained provided that prothrombin is not heated at
56°C. for more than 1 minute.

I have found in flasks containing prothrombin
golution, which had been standing in the ice box for some
time,had a heavy precipitate of presumably insoluble
globulin in the bottom of the flask. As this amount of
precipitate increased in the flask, the protein which was
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coagulable at 56°C., was found to be proportionately de-

creased. If the activity of thrombin was dependent upon
the protein fraction which was coagulated at 56°C., then
the thrombin action should be decreased in proportion to
the amount of the precipiteted found in the flask containe
ing prothrombin, but this was not found to be the case.
The coagulation temperature by heat of such prothrombin
was still 71°C. This activated prothrombin coagulated
fibrinogen in 1-2 minutes.

Thrombin does not clot milk nor digest other
proteins. Thrombin is then a specific hydrolase for fie-
brinogen, and it is produced by the activation of pro=-
thrombin of blood plasma with cephalin and calcium. It
gppears to be a protein or attached to one.

Thrombin frcm these observations and experiments
has a three-fold purpose, first it unites with fibrinogen
to form fibrin; second, it dissolves the fibrin in the
presence of water into thrombin and & new protein, fibrin-
ose or fibrinoglobulin (Hammarsten), which is not coagu~-
lable by active thrombin. This process is hastened by
the presence of oxygens third, thrombin hydrolyzes a pore
tion of fibrinose into an albumose.

Attempt should be made to obtain crystalline
fibrinogen and prothrombin so that for each samgle of

these plasma proteins one can secure & uniform number
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of amino and carboxyl groups, and thus study the
chemical change with a little more certainty. Combus-
tion analyses should be run for each sample to deter-
mine the chemical constitution of the substance, to see
whether the substance 1s the same for every preparation
of fibrinogen and prothrombin as well as fibrin. Until
this can be done these results in this paper cannot be
taken purely quantitatively, the variable are too

mmerous.

Conclusion.

In ‘sumnary, then, of the experimental evidence
presented in this paper, the following points have been

found.

1. Thrombin is a sgecific enzyme for fibrinogen, it
united with fibrinogen to form fibrin, and then hydrolyse
1t with the formationhof a protein cosgulating at 64-65°C,
by heat and an albumose.

2. Fibrin, when washed and dried will slowly go into 38-‘
lution in distilledgwater, although the solution is much
faster iniso~tonic salt solution. This fibrin solution
will clot fibrinogen. Thrombin is found in this solu~
tion 1-2 days after the onset of lysis and then it grad-

4

ually disappears.
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3., Fibrin solution, which 1is coagulable by heat at

80°%., can be fractioned with sodium chloride and
ammoniwa sulphate to give two protsins, one which is
coagulated by heat at 66°C. and this is not coagulated
by thrombin. The other protein is cosgulated by heat
at 719C. and it can be scctivated with cephalin and cale
cium chloride to form thrombin to clot a fresh fibrino-
gen solution.

4., Thrombin can be heated to 100°C. for 5 mimutes and
still be able to coagulate fibrinogen. Inactivation by
heat is hastened by the presence of salt in a small
quantitye.

6. Thrombin action is also destroyed by the action of

pepsin, trypsin and lipase.
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