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ADVANCES IN THE CHEMISTRY 0" PLASMA PROTEINS.

it

THere is no department of physiological chemistry of - re ~tal
importance to the physiologist, the pathologist and the clinician  an
that of blood chemistry, consequently research upon the constit-~nts
of the blood is conlinuous and progressive year after vear. Y
substances are continually being detected as normal or pathological
constituents of cells or plasma, methods improved, various inter-
relationships  discovered, and the structuwre of well recognized
constituents is being gradually more completely elucidated.

In any review of blood chemistry which is to be kept within
reasonable proportions, some restriction of subject is 1mperative.
In the following pages attention will be directed towards -me
particular depariment of blood c¢hemistiy in which our outlook as,
m the past ten or fifteen vears, sutfered the most profound changes.
Tt will not be possible to deal with fibrinogen and the me-hanism of
blood elotting, hut an attempt will be made to summarize ¢ modern
conception of the individual identities and interrelationsnips of the
remaining serum  proteins and to discuss recent advances in the
chemistry of the complexes which these proteins are known to form
with lipoid and carbohvdrate materials,

Any attempt at the inclusion of pathological data would open up
so wide a field that it would be impossible in the present review to
deal adequately with this phase of fhe subject. Tt is felt that hy
confining attention to normal matert:  and normal processes a more
useful purpose will be served. 1Jor similar reasons no attempt will
be made here to deal with recent advances in methods applied o
blood chemistry.

THE PROTEINS

The earlier work at the beginning of the present century reveale
the fact that normal serum contained abou* 7 per centi. of protein
material amongst which could be distingul  ed an albumin an  a
globulin fraction. I'or a comprehensive review of the carlier work,
reference may be made to Petschacher (1930). ammarsten’s (1902)
article 1s o good presentation of the subject from the point of view
prevailing at the close of the century hefore the claseical work of

Hardy (1905) upon the serum globulins. I{ is really  wrdy’s work
which ushered in the new era culminating n the researches of
Serensen from the Carlsberg Taboratory ar his theory of the

constitution of proteins as reversibly dissociable compound systems
(Scirensen 1930).

At the time that Panum (18 showed that a precipitate of
protein material was invariably formed when normal serum was
dilated with waler and slightly acidified or a streanm of carbon
dioxide gas passed through the diluted liquid, this was considered
to be the only protein body of the cerum. [t was orginally called
“easein 7 oor “fwerum casein”’ by anum (1851), but later desig-
nated ** globulin ™ by Schmidt (1862), who considered it to be a
single substance.  Kithne (1368), however, was of the opinion that
two different substances were produced according to the mode of pre-
peration, by acidification with acetic acid or by carbon dioxide, and
accordingly  proposed the terms ‘° paraglobulin 7 and ° sodiuin
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albuminate . A return to the earlier views of Panum was,
however, made by Weyl (1877), in whose opinion the pro~i-ifate
consisted of a single substance whi  he named *‘ serum gl n’’.

The quantity of protein which separates from serum b; : use

of any of the above methods is only a little over 1 per cent.
Actually much larger quantities are present. Hammarsten (1878)
found that by saturation of the serum with magnesium chloride,
no less than 63 per cent. of the total protein was precipitated,
although this procedure was calculated to remove only globulins,
leaving any albumin in solution. He therefore came te the con-
clusion that serum contained much gre=ter quantities of ““ ¢ Hbulin ™
than had hitherto been supposed. wekhardt, some years later,
challenged this view on the grounds that when the precipitat
obtained according to Hammarsten was redissolved in water ar
dialysed until salt free, only a fraction of it separated out, neither
could further quantities be precipitated by acidification or treatment
with carbon dioxide gas. It a eared to Burckhardt that
Hammarsten’s prec ipitate must consise of globulin admixed with
albumin. It is of interest, in view of our later experience regarding
the behaviour of globulin fractions on dialysis, to note at
Hammarsten (1884) in reply argued that the presence in serum of
other substances might greatly affect e solubilities of the protein
constitutents and that by treatment of such a globulin fraction, not
precipitable by dialysis, with sodium chloride after the manner of
fractional precipitation, such interfering substances could be o
removed and a conversion of non- pl@mpl’table into precipitable glo-
bulin be brought about. He pointed out that only 1n solubility and
temperature of coagulation did these substances appear to differ, but
added, however, ¢ weder die Indentitit beider bewiesen, noch die
Moglichkeit, dass der Niederschlay ein (Gemenge von zwel oder
mehereren Globulinen sei, in abrede gestellt sein soll 7.

‘With the introduction of the technique, due to Ho ei~*~~ of
salting out the different proteins by means of ammonium st ate
solutions of varying degrees of saturation, a big advance took 1ce.
Kauder (1886) was able to show that by })1‘e('1p1tat1011 of seruin with
ammonium sulphate up to half saturation, substantially the same
material was precipitated as was thrown out by full saturation with
magnesium chloride, as in Hammarsten’s technique. As em' asized
by Pick (1902), there is an interval of no precipitation from serum
by ammonium sulphate, between the upper precipitation limits of
the globulins and the lower limits ~# the albumins. From this
time onwards, the separate individu: ty has been genera ; con-
ceded of two main fractions of the serum proteins—albumins and
globulins.  With reference to the numerous attempts to prepare
artificial globuling from albumin, compare the recent work of
Hooker and Boyd (1933). Of course, chemical data, hesed upon
analyses of the various fractions, furnish much more relia’ : evidence
of snnilarity or dissimilarity than qualitative physical cnaracteris-
ties, such as those of solubility. Elementary analysis of protein
materials is of limited help, however, on account of the small
differences encountered in carbon, hydrogen and nitrogen conte:
of various individuals. The content of sulphur or phosphorus 1s
nevertheless frequently a valuable guide.
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The following figures from Kestner (1925) illustrate the fact
that the sulphur content of serum albumin is distinctly higher than
that of the globulin fration:

C H N S

Serum  albumin cryst. ... 5192 6-96— 1589 1-73-
52-08 711 16-03 1-9

Serum albumin amorph. ... 83-04-  6-7H - 1571 - 177 -~
53-5 71 16-04 2-3]

Serwin globulin ... ... ... ... H2-71 7-01 15-82—-  0-97 -
15-85 38

The difference in phosphorus content 1s even more pronounced.
Serensen (1930) has obiained purified serum albumins containing
no phosphorus. whilst the globulin fractions all contained appreciable
quantities of phosphorus, the proportion of which {o nitrogen in-
creased the less soluble the partier o fraction was. Some pseudo-
globulin preparations contained only minimal quantities of this
element.

The difference in composition between (total) serum albumin and
(total) serum g¢lobulin is still more clearly brought out by -~ com-
parison of the figures for the nitvogen distribution due to  wtlev
(1914) (see table 1), and those of amino-acid content cited from
Kestner (see table 2). Tt will be noticed that glvcocol is absent fr

serum albumin. Tasne 1.
Total globulin. Total albumin.
%, Yo
Ammonia N ... .. . L. 77 H-8
Melanin N ... ... ... ... 2-0 1-1
Cystine N ... ... ... ... 2-0 35
Arginine N ... ... 10-9 10-4
Histidine N ... ... ... ... G-3 G-7
Lysine N ... ... ... ... ... 9-0 -3
Total basic N ... ... ... 282 309
Total filtvate N ... ... ... 62-0 565
Ifiltrate amino N ... ... H9-9 54 -2
Filtrate non-amino N ... 2.2 2-3
Tasre 11.
Globulin. Damin.
Glycocol ... 35 abeant
Alanine ... 2-2 2-7- }
Valine e 2-0 present
Leucine ... ... ... ... ... 15-0-18-7 20-0-20-0
Aspartic acid 25 31 3
Glutamic acid S5 T
Proline e e 2-56-9-8 1-0-2-34
Tryptophane ... ... ... 0 1
Oxyproline ... ... ... ... 1-v4
Phenylalanine 2-7-3-8 5-1-4-24
Tyrosine ... ... ... ... ... 2-5-6-6 R-1-H-8
Serine 0-56-0
Cystine ... ... ... ... ... 0-7-41 2571
Histidine ... ... ... ... ... 0-81-7 2-2-3-72
Avginine ... ... .. ... ... 3-4-4-5 4-38-4-75
Liysine Ce e 4-6-6-8 748115
Ammonia ... ... ... ... ... 1-75 0-95
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fraction, soluble in water and not precipitated by half saturation
with ammonium sulphate and a globulin fraction which was com-
pletelv insoluble in water.

That there is a large difference in o degree of dispersion
between the albumin and globulins in native serum seems
to be certain from ultra-filtration and other experiments, e.g.
Mutzeubecher (1931), also from Svedberg and Sjiogren’s (1928) ve-
searches upou ihe isolated proteins, but this difference in physic
state with its consequent reflections upon chemical behaviour is just
one of the reasons why great & dence shc d be shown in coniing
to the conclusion that albumins and globulins are different in the
sense, for example, thal glucose and galactose are different. 1s 1t
not possible that in native serum we have a number of polypeptide
associations (hauptvalenzketten) capable of grouping themselves into
larger units by virtue of residual or secondary valencies, as 1is
suggested by Sgrensen in his theory of solnble proteins as reversibly
dissociable compound systems, and that v at really hapoens when
the equilibrium is disturbed by the introduction of a quas ty of an
electrolyte, such as ammonium sulphate, is that those components
with similar electro-chemical properties are forced into association
and precipitate as a fraction to which we give the name albumin or
olobulin, as the case may be?

If such a protein precipitate represented a single, chemically
pure substance, its physical properties should remain constaut, such
as, for example, its solubility in salt solutions of given concentration
and hydrogen ion activity. That this is not so0 in the case of crystal-
lized serum albumin, has been shown by Sorensen (1930), so we are
forced to the conclusion that even crystallinity, in the case of these
complex systems, is no criterion of purity.  Sorensen’s experimental
data will be considered later on.

It may be as well {o digress somewhat at this point in order ta
consider Svedberg’s results, more particulariyv as they affect e
serum proteins and decide what weight should be given to such
evidence 1n coming to a decision regarding protein indiv: iality.

Svedberg and his associates (1930) have applied the ultra-
centrifuge to measure the molecular complexity of proteins in
solution. In general, it was found that all proteins exhibited a
molecular weight which was a  iltiple of a common factor 34,F
A small group possessed much 1arger molecular weights but *re
others fell regularly into classes of 1, 2, 3 or 6 times « H00. 1
many cases the values so obtained checked well with those derived
from such direct measurements as those of osmotic pressure, as in
the case of egg albumin, investigated by Serensen. Svedberg also
showed that each protein possessed a conip~ratively small range of
pH on each side of its iso-electric point wi  in which its molecular
weight, as measured by the ultra-centrifuge, remained unchanged.
In the case of the 2, 3 and 6 multiple groups, however, cautious
regulation of pH resulted in a  ssociation of the protein into com-
ponents of the lower orders. Outside this range aeain jrreversible
dissociations or decompositions took place. Sver sre’s brilhant
results at once call for two explar-tions, why the basic figure of
34,500 for all proteins and why o -+ the 1, 2, 3 and 6 wmultiples,
never 4 and 57

































C. RIMINGTOX.

As a result of a lavge number of extraction and sedimentation
velocity experiments upon a large number of sera, the ypothesis
was substantiated that only the cholesterol not in combination with
fibrinogen o1 globulin exerts an inhibitory effect upon sedimen*ation.
A correlation coefficient of —0-63 +0-10 was found between e f
cholesterol and sedimentation velocity.

The effect upon sedimentation of heating plasn  is to be
assoclated with alterations in the colloidal conditions and 1s indepen-
dent of the lipoids.

Schmitz and Fischer (1933, A, B) distinguish between the effect
of H ions upon the serum proteins (acid reaction) and that of salts,
particularly ammonium sulphate (salt reaction), and show how these
two factors operating together may be made to indicate the
lability of the colloidal protein systemn.

Lipoids such as heparin were shown by Fischer (1932) to increase
the acid reaction, the flocculation optimum being displaced towards
the acid side, they act, therefore, in the sense of stabilisers < =
seruiln proteins. This effect with a mixture in  2ir origin: pro-
portions of albumin and globulin isolated from serum, is well
brought out in ¥ig. 4.

pH 9 was chosen as a suitable value at which to make com-
parative determinations of turbidity and the effect of ithe progressive
addition of heparin to such a protein system upon the tu idity at
pH 5 1s illustrated in fig. 5. It will be noticed that the salt
reaction remains uninfluenced.

When now the results are so expressed as in Iig. 6 plotting the
difference between the salt reaction and acid reaction 1) . ordinate
against the logarithin of the concentration of stabilisor (heparin),
log S, a linear relationship is-found to hold, i.e. the stability

decreases regularly as the logarithm « {he stabilisor increases.
2] S ] |
|
500 ~— | |
a0,
Jo0
w l |
Vg =97 ~q¢ =47 0
— o7 5

Tig. 6 (from Schmitz and Fischer, 1933, A).

For the sake of obtaining a characteristic for any serum e

“ degree of lability *" may be calculated by means of the expression

00T, .
T.-=100— ]—I/— where J, and J, are the values for the acid and
2
salt reaction rvespectively. Tog then gives the ‘‘ degree -

lability *7 of the serum.
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C. RIMINGTON.

(¢) In the presence of certain amino-acids or protein hreak-
down products and hot, strong acids, as in the —su: con-
dition of hydrolysis, carbohydrates readily .con mnse with
the nitrogenous substances to form “ humin ~*, a da
amorphous material devoid of reducing properties. Gort-
ner (1916) and his associates have shown that tryptophane
is the amino-acid chiefly respongible and in unpublished
experiments the writer has found that when tryptophane
and glucose in the molecular proportions 2:1 are refluxed
in 20 per cent. hydrochloric acid for 24 hours, 3 forma-
tion of humin is nearly quantitative. (Glucosamine reacts
to ouly a very slight extent under these conditions.

Clearly, it must be accepted as a foregone conclusion th. when
whole blood, or even the isolated blood proteins, are autoclaved w 1
acids and reducing power determinations carried out, the quantity
of sugar found will be considerably less, to a variable evtent, than
that which was actually formed. Had any of the me ods in use
been tested by a simple recovery experiment, this would at once have
been obvious.

Considering the unsatisfactory state of the whole problem of
“bound ** or ‘° protein-sugar ’’, the writer some years ago
endeavoured to find a solution to one aspect at least, whether purified
serunt proteins contained any carbohydrate material as an integral
part of their molecule—by the only method possible, namely, 1at of
isolating the carbohydrate constituent in a state of purity an deter-
mining its chemical structure.

It is surprising that previous investigalors have given so little
forethought to the efficient purification of their starting material and
to the proper choice of hydrolytic agent. Mineral acids have been
almost exclusively employed in spite of the obvious objections to their
use outlined above. Thus both Krawkow (1896) and Langstein (1902)
claimed to have isolated an osazone from acid-hvdrolyzed serum
albumin and the latter author identified glucosamine among the
reaction products by the method of benzoylation.

Somewhat similar results were obtained in the case of serum
globulin by Krawkow (1896), Hichholz (1898), Abderhalden et al.
(1904), Langstein (1903, 1905, 1906), Condorelli (1924, ; 1026) and
others. Their individual findings were, however, far from eing in
good agreement, and no clear insig t was obtained into the nature of
the ““ bound sugar .

In the writer’s own work (Rimington, 1929; 1931) attention was
especially paid to the purification of the serum protein fractions used
and an alkaline hydrolyzing agent, arium hydroxide was employed,
this having the advantage that the carbohydrate complex was fai1-
readily liberated from its attachment to the protein without in its
suffering much resolution into its compenonts. The gre~ter stability
of glucosides towards alkalis than towar acids is well 10wn. The
same complex was also obtained after digesting the protein with
trypsin. Its isolation was achieved as follows  imington, 1 1):—

The purified protein, serum albumin or globulin, was refluxed
with 10 per cent. baryta for 36 hours harium removed as sulphate
and the carbohydrate precipitated by asic lead acetate and bar; u,
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‘When examined in the same way, serumm albumin was found to
be much less vich in carbohydrate groups. Sgrensen ar  Haugaard
(1933) made a thorough study of the conditions under which the
Tillmans-Philippi method could be carried out to best advantage and
found that, by suitable adjustments, characteristic differences in the
behaviour of the individual hexoses were observed such as to make
it possible to identify them in mixtures, or in combinatir in more
complex polysaccharides. In this they had recourse to measu nents
of colour absorption by the ¢ step-photometer ” and by selecting the
two spectral filters 43 and 53 and plotting the ratio of the extinctions

K 43 . . .
as measured by these, E 55 against the time of heating of e

reaction mixture were able to obtain their basic reference curves for
each sugar. Since the individual components of a polysac ari

contributed their efiects additatively, the constitution of the latter
could be ¢ deduced > by finding the combination best superposed

. E 43 . .
upon the experimental —. time curve vielded by the substance

E 53
in question.

From the results of their experiments, they concl-7?e  at not
only mannose but also galactose is present in serum : jumin and
globulin preparations, glucosamine, of course, gives mo colour wi
the reagent and would not be detected by this method.

Whilst these findings must undoubtedly be looked ~+on as sug-
gestive and significant, no certain conclusion can be awn until
galactose has actually been isolated from these proteins and fully
identified.

The quantity of carbohydrate found by Sgrensen and  ugaard
in serum globulin was 1-82 per cent., as glucose, which as they show
is equivalent to 3:41 per ceni. of a glucosaminodimannose or
glocusamino-galacto-mannose in good agreement: with the e of
3-7 per cent. obtained by the writer. Attention must alse »e awn
to the work of Lustig and Haas (1931) who, using the lime»s-
Philippi method as originally described, showed that ca -
hydrate content of their serum proteins was not altered by prolonged
dialysis or rvepeated reprecipitation from alkaline solutions, after
denaturation, by the addition of acid. Turther, they investigated
the carbohydrate content of the various sub-fractions of ox sermm

protein and found very wmarked differences. he following ti le
is taken from their work:—
Protein sub-fraction. Carbohydrate content %.

Euglobulin water—soluble ... ... ... ... ... 0
Euglobulin NaCl-—soluble ... ... ... ... ... 098
Euglobulin Na,CO,—soluble ... ... ... ... ... 238
Euglobulin NaOH-—soluble ... ... ... ... ... 8-50
Pseudoglobulin water—soluble ... ... ... ... 0-98
Pseudoglobulin NaCl—soluble ... 0-64
Pseudoglobulin  Na,CO,—soluble ... 64
Pseudorrlobuhn NaOH—soluble ...... s 704
Albumin T . e e B ¢
Albumin IT ... ... 000
Albumin TIT ... ... .. ... ..o .0 oo, 0-6D
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It is clear from the small difference in carbohydrate ~ontent
between albumins I, II and ITT compared with the laros 45 srence
found by Sgrensen and Haugaard (1933) between that . o easily
soluble and sparingly soluble albumin fractions, that the fferent
procedures adopted do not effect the same type of separation.

Some space has been devoted to the consi ration of ““ bound ”’
or “ protein ’’ sugar in blood since it is felt that there are alres -
sufficient indications in the literature to show that it may prove +o
be of distinct importance not only in the normal physiolr= of ca -
hydrate metabolism but also in pathological conditions. 1ich of e
existing work, it is true, is marred by the uncertainty as to what
su  ances were actually included in the determination and by the
unreliability of the methods employed. The proper basis for future
investigations has now been supplied, however, with the recognition
of the nature of the c: srbohydrate and methods for its accurate deter-
mination.

No aftempt will be made to discuss the various contribu-
tions to the physiclogy of bound sugar as most are referred
to in Grevenstuk’s (1929) article. Attention will only be drawn
to the papers of Glassmann (1926), IFreund (1885) and the
Italian  workers, especially Condorelli (1924), B; 1924, (),
and to point out that Bordet’s (1922) argument 1s not
necessarily sound. He claimed that the bound carbohydrate ~¥ blood
could not be regarded as attached to the proteins since erry’s

. Protein N
quotient ; —w————

Protein sugar
pathological cases. 1t was not appreciated, apparently, that different
serum protein fractions might have widely differing carbohydrate
contents |compare the table from Lustig and Haas (1931), quoted
above] and thus an increase in the relative quanfity of any one,
considerably alter the ;{‘Mmi,,— quotient. Ispecially is it

Protein sugar :
likely that such conditions might arise in pathological sera.

~1s by no means constant, at least not in

As the writer has previously pointed out imington, 1' , the
guestion whether the carbohydrate complex ot the serum teins
takes a part in Iimmunological phen  na is a pertirent vue and
should be explored by experimentar investigation. eidelberger
(1927) and his associates have demonst~ted the peculiar rdle plaVed
in this connection by the polvsaccharr s, some nitrogen- containing,
of various strains of pneumococcus. Otner examples have since been
bronght forward and the name ‘¢ haptene ’” has been proposed for
this class of specifically active substance. The demonstration that
the serum protein polysaccharide is incapable in itself, of provoking
antibody formation, does not exclude its possible function in a
manner analogons with that of the haptenes. What grouping is
responsible for the biological specificity of proteins is still unsolved.
Possibly the ])henomenon of specificity and antigenicity resembles
that of enzymic action in requiring a specifically active centre situ-
ated w0111 a colloidal carrier, the dependence for the manifestation being
mutual.

185









ADVANCES IN TIIE CHEMISTRY OF I'LASMA PROTEINS.

BIGWOOD, .. axo WUILLOT, A. (1927, B). (.r. de la Soc. Biol.  Hl. 97,
p. 186.

BIGWOOD, K. axop WUILLOT, A, (1927, (Y. (' de la Noe. Biol. Vol. 97,
p. 187.

RORDET, Ir. ¢1922). These, Paris.

BRINKMAN, R., axnp VAN DAM, E. (19200.  Biociem. Zeit. Vol 108, p. 35.

BRINKMAN. R.. axp WASTL, F. (1921).  Biochem. Zeit. Vol. 124, p. 25,

BURCKHARDT, K. \reh. J. crper. Patl. u. Pharmalol. Vol. 16.

BYWATERS., H. (1909).  Biochem. Zeit. Vol 15, p. 322

BYWATERS. H. (907).  J. Physiol. Yol 35, p. 3.

CHICK, H. (1914). Biochem. 1. Vol 3, p. 414,

CONDORELLI, L. (1924, Ay, dnn. Clin. Terap.

CONDORELLL, L. (1924, B).  Boll. deead. Med. Rowa. Vol. 5 . 394,

CONDORELLI, 1. (1924, Cy. iorn. (lin. Med. Vol 5, p. 10, .

CONDORELLIL, L. (1926). Adun. Clin. Terap.

DALLE, H., axun HARTLIEY, . (1916).  Biochem. 1. Vol. 10, p. 408,

DINUDONNE (1897, Arbeit cus do Kaiseel, Geswndleeidsamte, Vol 13, p. 293,

DISCHE, Z. (1929, Biochew. Zeit, Vol 201, p. T4,

DISCHE, Z. (193D, Milrochem. Vol 100 p. 129,

DISCHE, Z., «wo POPPER. H. (1926).  Biochem. Zeib. Nol. 175, p. 371,

DOERR, R.. axp BERGER, W. 922y, Biochew. Zeil, Vol 131, po 13,

FICHHOLZ, A, (1R9%.  J. of Physiol. Yol. 23, p. 163,

FISCHISR, A (1932, Biochew. Zeit. Vol 244, p. 404,

F()N'l’l?]»\‘,;_(_;.. axp THIVOLLE, T.. (19270 A). Bull, Soc. de Cliiw. Biol, Vol 9.
P. 357,

FONTES, G., axp THIVOLLE, L. (1927, B). v, de la Soc. Biol. Vol 96,
p.- 994

FRANKEL, s., axp JELLINEK. C. (1927).  Biochem. Zeit. Vol. 135, p. 392.

FREUND, 3. (1835). Cited from Freund, K., and Kaminer, . * Bioche-

mische Grundlagen der Disposition {ir Carcinom ™, Wien 125).
FREUND, E.. axv JOACHIM. J. (902,  Zeito o physiol. Cliem. Yol 36,
p. 407.

FREUND, B.. axp LUSTIG, B. (1932).  Bivchem. Zeit. Vol. 249, p. 373,
FULD, K., axp SPIRO, K. (1901-2).  Zeit. f. physiol. Chem. Vol 31, p. 132

GLASSMANN. B. (1926).  Zeit. . physiol. Chein. Vol 158, p. 113,
GORTNER, R. (1916). J. biol. Clew. Vol 260 p. 177,
GREVENSTUK., A, (1929).  Krgeb. . Physiol. Yol. 280 p. |

GRUZEWSIK AL =, (1899, oo de Uldead, des Neteners, Vol 1230 p. 1535,

HAFNER, K., axp KURTHY, L. v. (0925, Lrch. fooewper. Pathou. Pharmalol.
Vol. 104 p.o TR,

HALLIBURTON, W. (18, /. Physiol. Vol 50 p. 152,

HALLIBURTON, W. (1886). . Physiol. Vol 7. p. 319,

HAMMARSTEN, O, (I8T. PHuger’'s dreliie. Yol 17, p. 3L

HAMMARSTEN, O. (180, Ziet. [ pligsiol. Clicw, Volo R0 po 467,

HAMMARSTEN, O. (1902).  Frygeb. . Physiol. Vol 1. Abt. 1, p. 330.

THANDOVSKY. H.. LOHMANN. K.. axp BOSsE, Poo(1925).  Pfluger’s
Arclive. YVolo 210, p. 50.

HARDY, W._ axp GARDINER, s, (1910, J. Physiol. Vol 400 p. 68,

HARDY., W.. axp MELLANBY. 1. (1905). J. Physiol. Vol 33, p. 251,

HARTLEY, P. (914, Biochew. J. Vol & p. 541

HEIDELBERGER, M. 1927y, hem. Reciews. Volo 3, p. 403,

HEWITT, .. (1927).  Biochew. JJ. Vol. 21, p. 216.

HOOKER, S.. axn BOYD, W (1933). J. Biol. Cliem. Vol. 990 p. 187,

HOPKINS, F., axp PINKUS, S, (I893). /. Physiol. Vol 10, p. 68,

WAUDER, G. (1886). drch. f. eawper. Path. u. Pharmalol. Vol. 20, p. 411.

KESTNER, O. (1925, * Clewic der Enceisskirper”

188

1th Ed. Braunschweig.

i



C. RIMINGTON.

KRAWKOW, N. (1896). I’Aiiger’s Avchiv. Vol. 65, p. 231

KROK, G. (1918). Biochem. Zeit. Vol. 92, p. 84.

KUHNE, W. (1863). “ Lelvbuch der Physiologischen Chemie’”, Leipzig.

LANGSTRIN, L. (1902). Beitr. z. Chem. Physiol. w. Patlh. Vol. 1. p. 259.

LANGSTEIN, L. (1903). Monatsh. d. cliem. Vol. 24, p. 445,

LANGSTEIN, L. (1905). Monatsh, d. chem. Vol. 26, p. 531.

LANGSTEIN, L. (1906). Sitzungsber. d. Kaiserl. Akad. d. Wiss. Wien, Math.-
Naturwiss. L IIT, Abt. 114, p. 18.

LEVENE, P., anp MORIT, T. (1929). J. Biol. Chem. Vol. 84, p. 49.

LEWIS, J., axp WELLS, H. (1996). J. Infect. Diseases. Vol. 40, p. 316,

LUSTIG, B. (1931). Biochem. Zeit. Vol. 238, p. 307.

LUSTIG, B., axp BOTSTIBER, G. (1930). Biochem. Zeit. Vol. 220, p. 192.

LUSTIG, B., axnp HAAS, P. (1931). Biochem. Zeit. Vol. 231, p. 472,

LUSTIG, B., axp KATZ, R. (1930). Biochem. Zeit. Vol. 225, p. 247,

LUSTIG, B., axp KATZ, R. (1931). Biochem. Zeit. Vaol, 231, p. 39.

LUSTIG, B., axp KATZ, R. (1932). Biochem. Zett. Hl. 249, p. 378.

MACHEBOEF, M. (1927). Tese doctorat Médicine. Paris.

MACHEBOEF, M. (1929). Bull. Soc. Chim. de France. Vol. 45, p. 662.

MARCUS, E. (1899). Zeit. j. Physiol. Cliem. Vol. 28,

MUTZENBECHER, P. v. (1931). Biochem. Zeit. Vol. 235, p. 5.

OBERMAYER axp WILHELM (1912). Bioclem. Zeit. Vol. 38, p. 331.

OBERMAYER axp WILHELM (1913). Biochem. Zeit. Vol. 50, p. 369.

PANTM, P. (1851). Virchow’s Awvchiv. Vol. 3, p. 251.

PANUM, P. (1852). TVirchow's Avchic. Vol. 4, p. 419.

PAVY, F. (1896). J. Physiol. Vol. 20, Proc. vii.

PETSCHACHER, L. (1930). [Iolia Ilaematol. Vol. 40, p. 305.

PICK, K. (1902). Beitr. z. chem. physiol. v. Path. Vol. 1, p. 351.

RIMINGTON, C. (1929). Biochem. J. Vol. 23, p. 430.

RIMINGTON, C. (19381). Biochem. J. Vol. 25, p. 1062.

RIMINGTON, C. (1931). Trans. Faraday Soc., Vol. 27, Part 5, No. 0.

ROBERTSON, T. (1912). * Die physikaiische Chemie der Proteine.”” Dresden.

SCHMIDT, A. (1862). Reicherts and Dw Bois-Reymond’s Archiv. Vol. 428.

SCHMITZ, A, axp FISCHER, A. (1933, A). Klin. Wochenschr. Vol 12,

No. 11, p. 424

SCHMITZ, E., axp FISCHER, A. (1933, B). Biochem. Zeit. Vol. 259, p. 53.

SMITH, F. (1929). Proc. Roy. Soc. B. Vol. 104, p. 198.

SVEDBERG, T. (1930). Kolloid Zeit. Vol. 51, p. 10.

SVEDBEI;{%,B T., axp SJOGREN, B. (1928). J. dwmer. Chem. Soe. Vol. 50,
p- 3318.

SQRENSE‘?‘, S, PoLL (1924, ¢ Protems.” The Fleischmann Taboratories,
p. 44,

SORENSEN, S- P Lo (1925).  Cor du Lab, Carlsberg. Vol. 15, o1,

SORENSEN, S. P. L. (1926). (.r. du Lab. Carlsberg. Vol 16, Na. 8,

SORENSEN, S. P. L. (1930). (.r. du Lab. Carlsberg. Vol. 18, Lob.

SGRE})\i‘gEN, M., axo HAUGAARD, G. (1933). Bivchiem. Zeit. Vol. 260, p.
247.

THEORELL, H. (1930). DBioclem. Zeit. Vol. 223 p. 1.

TILLMANS, J., anp PHILIPPT, K. (1929). Biochem. Zeit. Vol. 215, p. 36.

TROENSEGAARD, N., axp KOUDAHL, B. (1926). Zeit. f. physiol. Chem.
Vol. 153, p. 111.

WEYL, T. (1877). Zeit. f. physiol. Chem. Vol. 1, p. 72,
WICHMANN, A. (1898). Zeit. f. physiol. Chem. Vol. 27.
YOUNG, E. (1922). Proc. Roy. Soc. I3. Vol. 93, p. 15,
ZANETTI, C. (1903). Gaz. chim. ital. Vol. 33, No. 1, p. 160.

189





