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INTHRODUCT 104

This report summarizes the work dene on this project during
the period January 1, 195f¢ to December 31, 1952. The references
cited herein pertain to the bibliography at the end of the
report. The bibliography also includes papers which were nublish.

ed this year but described in previous reports.

RESULTS ANC DISCUSCION

1. Eguilibriaz in the fibrinogen-fiorin conversion (the acﬁivition
sten

Having cited evidence (1) for the reversipbility of the
thromoin-induced fibrinogen-fibcrin conversion, work huzs been
directed toward the determination of thiz thermodyramic p: remeters
charocterizing the ecuilibric. involved in this process, The
clotting process may be thought of in teras of three reversible
reactions:

(¢) the thrombin-induced activation of fibrinogen, z vrocess

in which & low molecular weight polypeptide is split out

from the fibrinogen molccule.

(b) the reaction between activated fibrinogen moleculos to
form a series of intermediate, elongated polymers,

(c) the cross-linking of these polyasrs to foram the fibrin
gel network.

Most of the attention during the past yezr hes been devoted
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s¢ steps will cuntllunue to occupy our

attention in the coming yeur,
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Considering first step (a), the attempt 1is being made to
determine the equiiibrium constant and its dependence on teampore-
ture. To do this, conditions must be found under which only this
ctep proceeds. Therefore, an extensive investigation of thrombin-
fibrinogen mixtures in various media has been carried out by
mezns of flow birefringence measurenents to determine, among
cther things, conditions where the polym2rization steps (b and c)
are inhibited, without denzturing the proteins. OSeveral csystei .
have proven to be suitable and equilibrium studies are being
cafried out in them (5, 9). Prelimincry results indicate that the
peptide bonds broken in the liberation of the polypeptide «re
much stronger than thosc usuelly found in simple peptides.

Further work is proceeding along these lines on the basis of
severual hypotheses to account for such strong peptide bonds in a

protein,

. FEquilibria in the fibrinogen-fibrin conversion (the partial
polymerization step)

Considering next step (b), flow birefringence studics have
been carried out to characterize the distribution of intarmedicte
polymers formed when the reaction is allowed to proceed at various
pH values (3, 6).

Measurements were made on thrombin-fibrinogen mixtures at
various times from the moment of mixing up to the gel point ut
each pH. In some ceses, hexamethylene glycol was used to stop the
reaction at various stages. Sedimentction velocity measurements
were made in conjunction with the fiow birefringence meusurements

to aid in the iaterpretation of the data.
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The distribution of polymers of wctivated fibrinogen below
pH 6 enpear to be of rel.tively low meclaculur weight in contrust
to the high molccular weight ones observed between pH 6 <nd 10.
Thes2 polym rs (at «ny pd) are believedto be in cquilibrium with
ecch other ¢nd with the monomer (thrombin-cctivated fibrinogen).
These vhanowmcna are thought to crise from the samec ~lcctrostotic
effeocts suggested by Shulmen and Ferry (J. Phys. and Colloid
Chon., 54, 86 {1950) to explecin the dependence of clotting time

on »H in similcar systems.

3. Hydrodynamic properties of proteins

In lust yeor's report (submitted J nuecry 15, 1952) we pointed
out ¢ now apgroach to the consider:tion of the hydrodynamic pro-
pertizs of porteins (4). Among other things, it wrs shown that
it wes necessiry to re-examine the busis for rogarding chiin-
unfolding <¢s «n import:nt process in protecin dencturction. In the
czs2 of horse scrum albumin, it wues pointed out that existing data
in the litercture could be interpreted in termes of swelling of the
molecul: rether than chain-unfolding.

work hus been started to exuminc the situation (from the new
point of view) for the denzctur:ition of oth:r prot-:ins. The
dencturation of fibrinogen by urea has been chosen ¢s a first
example for study (). Flow birofringence and viscosiy r=sults
obtained so far suggest thet the molecule muy srplit in h-lf in
ures, with ¢ subsecuent swelling of the split portions. Further
hydrodyncmic mecsuraiients are in progress on this problem. Also
we are storting osmotic pressure investigitions to settle the

cucstion of th: molocular weight in this nulti-conmponent cystenm
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(fibrinogen + urce + pbuffer + water) in order to ccufirm the

postulated splitting of the molecule.

4, Methylation of bovince serum clbumin

This work, carried out in colluboration with Dr. H. A, Snroff
of the National Institutes of Health, is now essentizlly conplcted
by nicuns of hydrodynamic and infri-red mcasurecments it has boen
possible to identify the structural changes produced during the
methylation of bovine serum albumin (7). In the case of on:z of
the rcugents used, dry acid methyl azlcohel, it has been found pos-
sible rnot only to identify the process oc an esterificution of
carbtoxyl groups but also to obtain quantititive correlction
between the optical densitiecs in the infra-rod absorption snectra
and the number of methoxyl groups introduced, 2s dctermined by
anzlysise Structurcl feetures of the modifizd clbumins heve been

examined from the point of view of their hydrodynamic vropncrties.

Plans for the Coming Year

Most of our efforts (besides those indicated above) will be
directed towards the further investigation of the equilibric in-
volved in the fibrinogen—fibrin conversion, wnd also townrds
cxtensive investigations of the hydrodyncmic propertics of nctive
wnd denuturcd proteins in light of our new «vnrroach, As 2 rosult
of recent progress and developments in connection with ths »roject
research we plan to expund our efforts along these lines, To
aid in thi$ expension, we have zcquired, ¢s a very useful adjunct

to our flow birefringence apparctus, e Spinco ultracentrifuge;
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also it is hoped thuat funds will soon be available from the
National Science Foundation for ¢ post-doctorcl fellow whd, in
#ddition to our present personnel, could carry out some of our
proposcd investigstions of hydrodynamic properties of -rotein
solutions., Some of the systems oa which we plan to vwork in the
cbming year include, besides urea-denctured fibrinogen, modified
bovine serum albumin, heut denatura=d ovalbumin, gelatin and

derivatives of other natural products such os nitrocellulose,
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