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Fig. 2,—Spectrum of kiri native lignin. 

It is readily observed that the methoxyl content 
of each of the chemical lignins is higher than that of 
the native lignin fraction. This discrepancy is 
due to either a change in the lignin complex on ex
traction with strong chemical reagents,6 or to the 
fact that the total lignin present in kiri wood is in-
homogeneous. Since kiri wood gave a strong posi
tive Maule color test,7 which is specific for the pres
ence of syringyl groups,8 whereas the native lignin 
fraction gave only a fading cerise color, it appears 
that the latter explanation is more nearly correct. 
A similar situation was encountered in the study 
of the native lignins from oak and birch. 

Experimental 

Isolation of Native Lignin.—Air-dried kiri wood was 
stripped of its bark, ground to 40 mesh, and extracted with 
water and with ether. I t was then extracted with ethyl 
alcohol until it no longer gave the phloroglucinol-hydro-
chloric acid color test. The alcohol was removed at reduced 
pressure. The reddish-brown residue was again washed 
with water and ether and dried in vacuo. It was then dis
solved in dioxane, centrifuged, filtered and precipitated into 
an excess of ice-cold distilled water. The precipitate was 
dried, redissolved in dioxane to make a 10% solution and 
precipitated into ether. The above procedure was repeated 
until a constant methoxyl value was obtained. 

The acetate and phenylhydrazone derivatives were pre
pared by the usual methods.3 

Isolation of Chemically Prepared Kiri Lignins.—Extrac
tive-free kiri wood was used in all cases; i.e., the ground 
material was extracted in a Soxhlet apparatus first with 
1:2 alcohol-benzene solution, and then with water. 

Sulfuric acid lignin was isolated by the standard method.9 

The lignin content of the wood was found to be 22%, on a 
moisture-free basis. Alkali lignin10 was also isolated by a 
standard method. 

(6) F. E. Brauns, "The Chemistry of Lignin," Academic Press Inc., 
1952, p. 245. 

(7) C. Maule, BeitrHge wiss. BoI., 4, 166 (1900). 
(8) W G. Campbell, J. C. McGowan and S. A. Bryant, Biochem. J., 

32, 2138 (1938). 
(9) E. C. Sherrard and E. E. Harris, Ind. Eng. Chem., 24, 113 

(1923). 
(10) W. J. Powell and H. Whittaker, / . Chem. Soc, 127, 132 

(1925). 

Ultraviolet Absorption Spectrum.—A solution of the lignin 
sample was prepared for spectroscopic analysis by dissolving 
1 to 2 mg. of the sample in 50 ml. of the solvent (90 parts of 
purified dioxane to 10 parts of distilled water). A Beckman 
quartz spectrophotometer was used for the determination of 
the absorption curve. 

Infrared Absorption Spectrum.—A Perkin-Elmer double 
beam recording infrared spectrophotometer was employed 
in this study. 
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The effectiveness of barium sulfate in rendering 
plasma incoagulable, first observed by Bordet and 
Delange in 1912,2 renders convenient the purifica
tion of prothrombin and serum prothrombin con
version accelerator and its plasma precursor. Al
exander has demonstrated3 that citrate brings about 
resolution of these proteins from barium sulfate, a 
finding which explains why prothrombin is not re
moved from citrated plasma by barium sulfate. 

Calcium-free plasma, obtained by passage of 
blood over an ion exchange resin, yields to barium 
sulfate a fraction comprising 1% or less of the 
plasma proteins. This fraction contained, in addi
tion to prothrombin and the precursor of serum 
prothrombin conversion accelerator, certain other 
proteins, apparently not involved in the coagula
tion mechanism. Sodium acetate, sodium chloride, 
glycine and glucose had no effect on the interac
tion; oxalate, which did not inhibit the interaction 
of prothrombin with barium sulfate, diminished the 
amount of inert protein removed.4 

In our studies on the purification of prothrombin, 
we have investigated the effect of a number of sub
stituted carboxylic acids on the interaction of these 
proteins, particularly of prothrombin, with barium 
sulfate. 

(1) (a) This work was supported by the Eugene Higgins Trust, by 
grants from the Rockefeller Foundation, the National Institutes of 
Health, by contributions from industry, and by funds of Harvard Uni
versity, (b) This paper is Number 97 in the series "Studies on the 
Plasma Proteins," from blood collected by the American Red Cross, 
on products developed by the University Laboratory of Physical Chem
istry Related to Medicine and Public Health, Harvard University. 

(2) J. Bordet and L. Delange, Ann. Inst. Past., 26, 857 (1912). 
(3) B. Alexander and G. Landwehr, Am. J. Physiol, 169, 322 

(1944). 
(4) D. M. Surgenor, B. Alexander, R. Goldstein and K. Schmid, 

J. Phys. Chem., 55, 94 (1951). 
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Experimental 
Human plasma, from blood collected by passage over a 

cation exchange resin (Dowex-50) on the sodium cycle to re
move calcium, was treated, in 10-ml. aliquots, with barium 
sulfate ( C P . Baker), 0.1 g./ml. of plasma, in centrifuge 
tubes.5 All operations were carried out at room tempera
ture. After stirring with a glass rod for 10 minutes, the 
barium sulfate was separated by centrifugation. The pre
cipitate was then resuspended, stirred for 10 minutes, and 
recentrifuged, using 10-ml. quantities of the following re
agents in sequence: (a) 0.15 M sodium chloride, (b) 0.1 M 
solution of the sodium salt of a substituted carboxylic acid, 
adjusted to pK 7.4-7.6, (c) 0.15 M sodium chloride, and 
(d) 0.1 M sodium citrate. Solutions (a) and (c) did not 
contain prothrombin and were discarded. Solutions (b) 
and (d) were analyzed for nitrogen and prothrombin con
tent. 

Assay for prothrombin was carried out by the two-stage 
procedure using Armour Bovine Fibrinogen (Fraction I) 
as substrate.6 Nitrogen was determined by nesslerization 
of the digested samples. The total yield of prothrombin 
in extracts (b) plus (d) was essentially quantitative in every 
experiment. We are grateful to Dr. B. Alexander for the 
prothrombin analysis. 

Results 
The data are summarized in Table I. The acids 

tested have been arranged in order of their associa
tion constants for barium in the reaction M + 
X *=> MX, where M is the metal ion and X the lig-
and. In the case of compounds for which the bar
ium association constant was unknown, comparison 
with the constants of a-hydroxy acids for barium 
or with the known constants for calcium or magne
sium have been tentatively relied upon. 

The results suggest that, analogous to the behav
ior of other insoluble compounds of the alkaline 
earth metals, the interaction with barium sulfate 
consists in the formation of a metal-protein com
plex. Further, cation exchange resins on the bar
ium cycle, both of the sulfonated type (Dowex-50) 
and the carboxylated type (IRC-50) have been 
found effective in removing prothrombin from cal
cium-free plasma. 

Half of the proteins interacting with barium sulfate 
other than prothrombin, were extractable therefrom 
by compounds of known affinity for barium. The 
amount extracted was related to the association 
constant. The results in Table I suggest a high 
order of specificity for the interaction with barium.7 

Oxalate and diglycolate, with association constants 
near that of citrate, were ineffective in removing 
prothrombin from barium sulfate. The ineffec
tiveness of tricarballylate and aconitate, lacking 
the /3-hydroxyl group, but with lower affinities for 
barium, suggests that a steric requirement may op
erate in addition to the affinity for barium. The 
partial effectiveness of ethylenediaminetetraace-
tate and its cyclohexyl derivative suggests that 
their steric dissimilarities are overcome, at least in 
part, by their high affinities for barium, approxi
mately 10,000 times that of citrate. Another com
pound with a known affinity for barium, the sulfate 

(5) Recently it has been found by Dr. Alexander that certain 
preparations of C p . barium sulfate are more effective than others. 
With the best preparations, the amount required for complete removal 
of prothrombin can be reduced to as little as 0.025 g./ml. of plasma 
(B. A. Alexander, personal communication). 

(6) A. G. Ware and W. H. Seegers, Am. J. Clin. PaIh., 19, 471 
(1949). 

(7) These effects are reversible, in that addition of these reagents 
to plasma prior to treatment with barium sulfate blocks the interactions 
involved (cf. ref. 4). 

TABLE I 

THE EFFECT OF CERTAIN ANIONS ON THE DISSOCIATION OF 

PROTHROMBIN AND OTHER PROTEINS FROM THEIR STATE OF 

INTERACTION WITH BARIUM SULFATE 
Pro

thrombin 
Affinity Nitrogen recovered 

constants recovered (units/ 
log K (Ba) (mg./ml.)« ml.) 

Acetate 0.396 0.002 0 
Lactate 0.5S6 .002 0 
a-Hydroxybutyrate (0.55) .002 0 
Glycinate 0 
Glutamate ( .04) 0 

Nature of anion 
of 0.1 molar 
sodium salt 

Aspartate 
Succinate 
Itaconate 
Malonate 
Malate 
Aconitate 
Diglycolate 
Tricarballylate 
Tartrate 
Oxalate 
Citrate 
Ethylenediamine-

tetraacetate 
1,2-Cyclohexyldiamine-

tetraacetate 

1.1" 
1.2I1* 

1.23" 
1.26* 

1.4" 
•d 

1.67' 
2.33" 
2.54* 

7.76« 

.06) 
.023 
.033 
.041 
.062 
.073 
.076 
.073 
.067 
.065 
.128 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

115 

( .07) 58 

73 
° The values in parentheses were corrected for non-pro

tein nitrogen, and are therefore less reliable. h R. K. Can-
nan and A. Kibrick, THIS JOURNAL 60, 2314 (1938). 
"R. W. Money and C. W. Davies, Trans. Faraday Soc, 
28, 609 (1932). d D. Schubert, personal communication. 
' G. Schwarzenbach and H. Ackermann, HeIv. Chim. Acta, 
30,1798(1947). 

ion, while ineffective at 0.1 M, extracted prothrom
bin at 0.5 M (as sodium sulfate). Sodium chloride 
failed to extract prothrombin at concentrations up 
to 2 M. Addition of barium ions to the plasma re
sulted in decreased interaction of prothrombin with 
barium sulfate. Even at a concentration as high as 
0.04 molar barium chloride, however, 70% of the 
prothrombin was adsorbed by barium sulfate; 
formation of the insoluble interaction product oc
curred in preference to reaction in solution. 

Quick8 in a study of the inhibition of the interac
tion of prothrombin with calcium phosphate by 
sodium citrate has postulated the formation of a 
complex between citrate and prothrombin which 
prevents adsorption. The present data suggest as 
a more probable alternative, competition between 
prothrombin and citrate for the metal. 

The precursor of serum prothrombin conversion 
accelerator has not been separated from prothrom
bin under any of the above conditions. The active 
form, obtained by treating serum with barium sul
fate,9 behaved in the same manner, suggesting that 
the sites of binding on prothrombin and the serum 
prothrombin conversion accelerator are of similar 
nature. 
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(8) A. J. Quick and M. Stefanini, J. Gen. Physiol, 32, 191 (1948). 
(9) B. Alexander, A. de Vries and R. Goldstein, Blood, 4, 739 

(1949). 


