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ADVAKCES IX Tllb CHEMISTRY OF rLAS)IA I'lWTEIKS. 

INTRODUCTION. 
THERE is no department of physiological chemistry of more vital 
importance to the physiologist, the pathologist and the clinician than 
that of blood chemistry, consequently resear ch upon the constituents 
of the blood is continuous and progressive year after year . New 
substances are continually being detected as nor mal or pathological 
constituents of cells or plasma, methods improYed, Yarious inter­
relationships cliscoYerecl, ~mel t he struc-hue ·of \Yell rerog-nil'lecl 
constituents is being graclually more completely elucidated. 

In any reYiew of blood chemistry ,,·hich is to be kept within 
reasonable p1·oportions, some restriction of subject iH imperative. 
In the following pages attention >~·ill be directed tmYarcls one 
particular clepartment of blood chemistry in which our outlook has, 
in the pr~st ten 01· fiftee11 year s, suffered the most pmfound changes . 
It will not be possible to cl eal with fibriuogen and the mechanism of 
blood dotting, but an attempt will be made to smnmrJrizP the modern 
conception of the imliYiclual iclentitie,;anrl interrelaticm~hips of t he 
rema!iting- sernm proteins ancl to discuss r ece nt achancer; in the 
chemistry of the complexes whirh these proteins are knmTn to form 
with lipoid and carbohydmte materials . 

Any attempt at the inclusion of patholog-iral clatn >~·oulcl open up 
so wicle a field that it " ·oulcl he i1npossihle in the prese nt review to 
deal adequately with this pha:-;e of t he :mbj ect. It is felt that by 
confining attention to normal material:-; and 11 ormal processes a more 
useful purpose -will be sen-eel. For simihn 1·easons no attempt will 
be macle here to cl enl 11·ith rec-ent achanc·es in methocb appliecl ,-o 
blood chemistry. 

THE PROTEINS OF T HE SE RU M. 
The earlier >~·ork at the beginning of the p1·eseut century revealed 

the fact that normal seru m contained about 7 pe1· t:eut. of prot ein 
material amongst which could be distinguisherl an albumin and a 
globulin fraction. For a com1wehensiYe r eYiew of the earlier \York, 
reference may be macle to Petsrhacher (1980). Hmnmarsten's (1902) 
m·tide is a g·ood preseutation of t he ~11hjed hom the poi11t of vie''" 
prevailing at the close of the c-e11tuJ·)· before the dassical \\·ork of 
Hardy (1905) upon the serum globuliJJs . It is 1·eally Harcly ' r; work 
which ushered in the ue" · era culmiuating in the 1·esearches of 
S0remwn hom the Carlsberg La horat-ory all rl h is t hPmy of the 
constitution of proteins as reYersihly dissociable compouiHl systems 
(S0rensen 1980). 

At the time that Panu m (1851) showed that a precipitate of 
protein material was invariably formed when normal serum was 
rli luterl ''" i th \Yater and slightl~- aci clifierl o1· a she;nn of c-arbon 
dioxide gas passed through the clilutecl liquid, this vvas considered 
to be the onl.1· protein bod.1· of the serum. It was orginally called 
" casein " or " serum casein " b.v Panum (1851), but later desig­
nated " globulin " by Schmidt (1862), who considered it to be a 
single substance. Kiihne (1868), ho>~·ever , was of the opinion that 
two different substances "·ere produced according to the mode of pre­
peration, by aciclificahon " ·ith acetic acid or by rarhon dioxide, and 
accordingl)r proposed the terms " paraglobulin '' and " sodium 
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C. IUMIKGTOK. 

albuminate ". A return to the earlier Yle\YS .of Panum was, 
however, made by vVeyl (1877), in whose opinion the precipitate 
consisted of a single substanee which h e named " serum globulin ". 

The quantity of protein which separates from serum by the use 
<Of any of the above methorls is only a li ttle •over 1 per cent. 
Actually much larger quantities are present. Hammarsten (1878) 
found that by saturation of the serum \Yith magnesium <"hloride, 
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 t5ame to the con­
clusion that serum contained much greate1· CJUantities of "globulin " 
than h ad hitherto been supposed. Burckhardt, some years later, 
challenged this view on the gro unds that when the precipitate 
obtained according to Hammarsten was redissolved in water and 
dialysed until salt free, only a fraction of it separatecl out, neither 
could further quantities be precipitated by acidification or treatment 
with carbon dioxide gas. It appeared to Burckhardt that 
Hammarsten's preeipitate must t5onsist of globulin admixed with 
albumin. It is of interest, in view of our bter experienee regarding 
the behaviour of globulin fractions on dialysis, to note that 
Hammarsten (1884) in reply a1·gued that the presence in serum of 
Dther substances might greatly affect the solubilities of the protein 
constitutents and that by treatment of such a globulin fractiDn, not 
precipitable by dialysis, with sodium chloride after the manner of 
fractional precipitation, such interfering substances could be largely 
removed and a conversion of non-precipitable into precipitable glo­
bulin be brought about. He pointed out that only in solubility and 
temperature of coagulation did these substances appear to differ, but 
added, ho"·eyer, " " ·eder die lndentitiit beider be"·iesen, noch die 
Nii.iglichkeit, class r1er Niederschlag ein Gemenge von z\\·ei oder 
mehereren G lo bulinen sei, in a brede gestell t sein soll " . 

\Vith the introduction of the technique, due to Hofmeister of 
salting out the different proteins by means of ammonium sulphate 
solutions of varying clegrees of saturation, a big advance took place. 
Kauder (1886) was able to show that by precipitation of serum with 
ammonium sulphate up to hal£ saturation, substantially the same 
material was preeipitated at:l \\'a,.; thro\1·n out by full ~ntmation with 
mugnesium chloride, as in Hammarsten' s technique. As emphasized 
by Pick (1 902), there is an interval of no precipitation from serum 
by ammonium sulphate, between the upper precipitation limits of 
the globulins and the lower limits of the albumins . From this 
time onwards, the separate in(lividuality has been generally con­
rer1ed of t \YO main hactions of the serum proteins-albumins and 
globulins. \ Vith reference to the numerous attempts to prepare 
al'ti:ficial glDbulins from albumin, compare the recent work of 
Hooker and Boyd (1933). Of course, chemical data, based upon 
a nalyses of the various fractions, furnish much more reliable evidence 
of similarity m dissimilarity than qualitative physical characteris­
tic~, such as those of Rolubility. Elementary analysis of protein 
materials is ·of limitecl help, however, on account of the small 
differences encountered in carbon, hydrogen and nitrogen content 
Df various individuals. rfhe content of sulphur or phosphorus is 
nevertheless frequently a valuable guide. 

163 
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The foHowing figures from Kestner (1925) illustrate the fact 
that the sulphur content of serum albumin is distin ctly higher than 
that of the globulin fraction: 

Serum albumin cryst. 

Serum :1l bumin amorp h. 

Serum globulin 

c 
51· 92 -
52·08 
53 ·04 -
53·5 
52·71 

H 
6·96 -
7·11 
G·7fJ-
7·1 
7·01 

N S 
15 ·89 - 1·73-
16·03 1·9 
15. 71 - 1 ·14 -
16·04 2·31 
15·82 - 0·97 -
15·85 1·38 

The difference in phosphmus content is even mme p1·onounced. 
Srirensen (1930) has obtainerl purified serum albumins contfliniag 
no phosphorus, whilst the globulin fractions all contained appreciable 
quantities ·of phosphorus, the proportion of which to nitrogen in­
creased the less soluble the particular fraction was. Some pseudo­
globulin prepm·ations contained only minimal quantities ·of this 
element. 

The difference in composit ion beh\·een (total) serum albumin and 
(total) serum globulin is still more clearly brought out by a com­
parison of the figures for the nitroge11 clistribution due to Har.t ley 
(1914) (see table 1), and those of amino-acid content cited from 
Kestner (see table 2). It will be noticecl that glycocol is absent from 
serum albumin . 

Ammonia N . . . . . . . . . 
Melanin N ..... . 
Cystine N ..... . 
Arginine N ..... . 
Histidine N . . . . .. 
Lysine N ..... . 
Total basic N .. . 
'f.otal filtrate N . . . . .. 
Filtrate amino N . . . 
Fil1Tflte non-amino K 

Glycocol .. . ..... . 
Alanine 
Valine . 
Leucine ..... . 
Aspartic acid 
Glutamic .acid 
Proline ... 
Tryptophane 
Oxyproline .. 
Phenylalanine 
Tyrosine ... 
Serine . . . . .. 
Cystine .. . . .. 
Histidine . . . . . . . . . . .. 
Arginine .... ... . . .. . 
Lysine ... 
Ammonia ..... . ..... . 

TABLE I. 
Total globulin. 

% 
7·7 
2·0 
2·0 

10·9 
6·3 
9·0 

28 ·2 
62·0 
59·9 
2 ·2 

II. 
Globulin. 

3·5 
2·2 
2·0 

15·0-18·7 
2 ·5 
8·5 

2 ·5-2 ·8 
4 ·0 
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2·7-3 ·8 
2 . ,-l-6·6 

0·7- 4 1 
0·8-1·7 
3·4- 4 ·5 
4·6-6· 8 

1·75 

Total allmmin. 
% 
5·8 
1·1 
3·5 

10 ·4 
6·7 

16 ·3 
3G ·9 
5G·5 
fi4·2 

2·3 

Albumin. 
absent 

2·7-4 ·19 
present 

20·0-30·0 
3·1-4 ·43 

7 ·7 
1·0-2·34 

1·4 
1·04 

3·1-4 ·24 
2·1-5·8 

0·56-0·6 
2·3-7·1 
2·2- :1·72 

4·:18-4·75 
7 ·4R- ll· 29 

0·90 



C. :rhMIN GTOX. 

A comparison of the ratio of total nitrogen to amino nitrogen 
titratable by formal was made by Obermeyer and Wilhelm (1912-
1913) for serum albumin .and globulin. Their figures were 14-10 
for the former and 23-18 for the latter, which is in accordance with 
the fact that serum albumin contains the greater proportion of 
lysine. 

Differences in specific refraetion were found by Robertwn (1912), 
who gave the figures for serum globulin 0·00229 and for serum 
albumin 0 · 00177. 

Char a eteristic differences in the ultra-violet absorption spec hum 
have also been described by Dhere and by Smith (1929), who proposes 
to determine the ratio of albumin to globulin in a mixture of the 
two by an analysis of the ultra-violet absorption spectrum. 

Further confirmation of the individuality of the albumin and 
globulin fractions of serum is afforded by the immunological experi­
ments of Dale and Hartley (1916), and of Doerr and Berger (1922). 
The former demonstrated the anaphylactogenic properties of these 
pr,oteins all(l showed that the 1·esponse of the sensitised animal was 
specific for the individual fraction with which it had been sensitised. 
Doerr and Berger further showed that, in the case of globulin 
sensitisation, the latent period is shorter and the resultant shock 
more intense than in the case of albumin. Berger has also pointed 
out that the increase of the one serum fraction in the organism and 
decrease of the other, are in no way related. 

It would appear from an impartial appraisal of the various 
lines of evidence that there is good reason to believe that the albumin 
and globulin fractions produced in the ordinary way from serum 
represent chemically clistinet proteins or associations of ch emically 
similar proteins. The strongest. argument in favour of this view 
is the demonstrable rlifference in composition between the materials. 
So little is known concerning the factors exciting biological 
sensitivity and formation of immune bodies, that the immunological 
evidence, at first sight so dramatically convincing, must be con­
sidered with great caution. 'l'his is all the more imperative, since 
Dale and Hartley (1916) found the euglobulin and pseudoglobulin 
fractions to exhibit a well-marked biological difference from which 
" ne would be tempted to clra'" the conclusion that here at least two 
distinct individual proteins were under consideration. The recent 
work of S0rensen (1825) however, makes it abundantly clem· that the 
globulin complex consists not of two proteins but of a group of 
associated complexes whose individual components may be gradually 
and progressively dissociated by suitable treatment, a subject which 
will be more fully discussed under the heading of the serum 
globulins. 

Association with other materials, differences in degree of dis­
persion, etc., may so affect the properties of an unstable colloid 
system such as a protein dispersion, that it is difficult to draw rigid 
conclusions from observed differences in precipitability by electro­
lytes, etc. The theory of salt precipitation advanced by Hafner 
and Ki.irthy (1924) and based upon relative polarisability may here 
be mentioned. The experiments of Adolf and Pauli (1924) should 
also receiYe attention, since these authors showed that, by electro­
rlialysis, the serum proteins could be separated into an albumin 
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ADVANCES IX TI-lE CI-IE~HSTRY OF PLAS~IA PROTEINS. 

fraction, soluble in \Yater and not precipitated by half saturation 
with ammonium sulphate and a globulin fraction \Yhich "·as com­
pletely insoluble in water. 

That there is a l arge difference in the degree of dispersion 
between the albumin and globulins in native serum seems 
to be certain from ultra-filtration and other experime11ts, e .g. 
Yutzenbecher (1931), also from SYedberg and Sjogren':-; (Hl28) re­
searches upon the isolated proteins, but this difference in physical 
state with its consequent reflections upon chemical behaviour is just 
one of the reasons why great diffidence should be shown in coming 
to the conclusion that albumins and globulins are different in the 
;;ense, for example, that glucose aU<l galadose are clitl'erent. L.; ii 
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 is 
suggested b.\· S.0rensen in his theory of soluble p1·oteins as reYer:-;ibly 
clissocia ble compound »ystems, aud tbat what 1·enlly happem; wheH 
the equilibrium is disturbed by the introduction of a quantity 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 giYe the name albumin or 
globulin, a:-; the case may be? 

If such a protein precipitate represented a single, chemically 
pure substance, its physical properties should remain constant, such 
as, for example, its solubility in salt solutions of giYen concentration 
and hydrogen ion actiYity. That this is not so in the case of cry:-;tnl­
lized serum albumin, ha , been shown by S.0reHSe11 (1D00), e;o '"e a1·e 
forced to the conclusion that even crystallinity, in the case of these 
complex systems, is nQ criterion of purity. Sylrensen'R experimental 
data will be considered later on. 

It may be as well to digress somewhat at this point in order ta 
consider Svedberg's results, more partin1larly as they affect the 
serum proteins and decide " ·hat weight should be given to such 
evidence in coming to a deci:-;ion 1·egnrding protein individuality. 

Svedberg and his .associates (1930) have applied the ultra­
centrifuge to measure the molecular complexit:v of proteins in 
solution. In general , it was found that all proteins exhibited a 
molecular weight which was a multiple of a common factor 34,500. 
A small group possessed much larger molecular "·eights, but the 
others fell regularly into classes of 1, 2, 3 or 6 times 34,500. In 
many cases the values so obtained checked :well with those derived 
from such di.1·ect measurements as those ,of osmotic pressure, as in 
th e case of egg albumin, inYer;l igatecl by Serensen. SYedberg ab~l 
Rhowed that each protein ]JO, sessed a comparatively small range of 
pH on each side of its iso-electric point within which its molecular 
weight, as measured by the ultra-centrifuge, remained unchanged. 
In the case of the 2, 3 and G multiple groups, however, cautious 
1·egulahon of pH resulted in a cliswci.ation of the protein into com­
ponents .of the lower onlers. Outside this range again irreversible 
clissociations or decompositions took place. 8Yedherg's brilliant 
results at once call for two explanations, why the basic figure of 
34,500 for all proteins and " ·hy only the 1, 2, 3 and 6 multiples, 
never 4 and 5 ? 
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A solution to these two problems has been suggested by Astbury 
and \Voods (1931). In the first place it is assumed that the figure 
34,500 is a statistical average, for which there is some evidence, 
and that actually polypeptide chains could be produced of indefinite 
length and weight were it not for the instability caused by .atomic 
vibrations. It is this disruptive vibration which is assumed to limit 
the length of the chain to a unit having the approximate molecular 
weight 34,500. One \Yould like to see quantitative evidence advanced 
in support ·of this hypothesis, against which, however, nothing 
definite will be said at the moment. 'l'he seoond question, once 
the answer to the first is concedec1, ean, aeeording to Astbury and 
Woods, be solved by application of the elementary principles of 
crystalography. A polypeptide chain can form an association with 
another ln· virtue of the residual attractions resident in its - NH., 
and >CO groups. Three combinations, and three only, are then 
possible, involving 2, 3 or 6 ehains, as follows: 

CO-- - - - - - --NH 

I I 
NH- --- · ---CO 

I I 
CHR CHR. 

I I 
co---------NH 

I I 
NH--- -----CO 

I I 
CHR CHR 

I I 

CO---- -- - - -- - --- - - --NH 

I I 
NH._ CHR 

I -- --- co l 
CHR j _ .. co I NH··-·/ I 
CO------- - - ~-- - - - - -NH 

I CHR I 
NH-.. I CHR I -··CO I 
CHR I -·CO 

NH·--

1 
CHR 

I 
b 

as in b, with 
each chain re­
placed by a 
pair a. 

(', 

The four elasses of proteins having complexities represented 
by 1, 2, 3 and 6 times 34,500 ean thus be explained. 

It is very important to note that in some cases Svedberg found 
that a certain minimal ooncentration of pr-otein wa;; necessary 
bef.ore homogeneity of partiele size was obtained. 'l'his is sig­
nificant in view of the fact that Sorensen has demonstrated that in 
systems such as gliadin, dissociation of the components occurs only 
when the protein concentration is very low. As previously pointed 
out (Rimington, 1931), the dominance of the figure 34,500 through­
out .all Svedberg's results must point to some uniformity of pattern 
common to all natural proteins, but it is not certain that this 
represents the lowest unit out of which the more complex structures 
are built. A protein which under Svedberg's ultra-centrifugal 
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conditions 'Yould appear to be homogeneu·ous can, by S0rensen's com­
paratively simple technique of applying the elementary physico­
chemical principles of s-olubility, be shown to be divisible illto 
dissimilar portions. 

THE AL BUMIN FRACTION. 

Doubts as to the homogeneity -of the se1um alubumin fraction 
have n·ot been wanting. Thus Halliburton (1884) on the gr-ounds 
of differences in coagulation temperature distinguished at least three 
albumins in serum, a-, fJ- and y-albumin, which he considered to he 
separate proteins. The first, a-serum albumin, coagulated at 70-73°, 
fJ-serum albnmin at 76-78°, and the y-albumin at 82-85°. It is, 
however, very questionable whether these temperature differences 
are sufficient to warrant the existence of three distinct proteins. 
Even Halliburton's (1886) own results would seem to indicate that 
other factors may influence the behaviour of the proteins in a given 
serum. Thus in many cold-blooded animals the coagulation tem­
perature indicated that -only y-serum albumin "·:1s present, whilst in 
eel blood a- and fJ- and in avian and mammalian bloods all three a-, 
fJ- and y-albumins appeared to he present. The;;e anomaliet> :ne 
somewhat difficult to understand. Even more forceful arguments 
have been put forward based upon the finding that in no case can the 
entire albumin of serum be obtained in the c1·y;;talline condition, a 
non-crystallir.able portion invariably remains in greater or lesser 
proportion. In £.act, it is a matter -of the greatest difficulty to get 
any albumin crystals at all from the serum of such animals as 
guinea pigs, cats and bovines (Grur.ewska, 1899). As preYiously 
pointed out, however, crystallisability is no guarantee of th e purity 
of a particular protein. vVichmann (1898) drew attention to the 
fact that when a mixture of serum albumin and egg albumin or of 
these two with lactalbumin is treated with ammonium sulphate in 
the usual way, the crystals which form convey the impression of 
perfect h-omogeneity 

S0rensen's (1930) lllOJ'e recent researches h aYe established 
beyond doubt that apparently homogeneous crystalline serum albumin 
is in reality an association of mutually interacting oomponent systems 
having different solubilities, etc. His evidence will now be con­
sidered in detail. 

Experiments were coiHluctecl with crystalline serum .albumin 
made by the method of Hopkins and Pinkus (1898) both from native 
serum and containing about 0·3 to 1· 5 mg. P per gm. N and also 
with practically phosphorus-free preparations obtained from serum 
protein powder according to the Hardy-Young (1910, 1922) a lcohol 
technique, or the Hewitt (1927) alcohol-ether method. K o appreciable 
difference in behaviour was found bet,Yeen these preparation s, thus 
indicating that the attachment of lipoids cannot be alone responsible 
for the irregularities in solubility observed . The crude Hopkins­
Pinkus preparation, when subjected to the first recrystallization, 
deposited a lipoid-containing, greenish, amorphous substance. 

In every series of experiments all factors except those inten­
tionally varied were kept strictly under control. 
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A \Yell-marked dependence of solubility upon the total quantity 
of protein present in the system \Yas ,demonstrated, employing three 
fractions '1' 1 , T 3 and M, of a crystalline serum albumin. These 
designations were arrivecl at in the following way: To the protein 
solution sufficient ammonium sulphate solution w;:ts added to throw 
down a slightl:v sohtble fraction '1'1 • As the salt concentration was 
increased tht: main bulk of the albumin separated in a middle fraction 
M, the filtrato containing easily soluble L,. '1' 1 and L, were re­
crystallized and the mother liquor from the first and precipitate 
from the second added jointly to .M:" which was now subjected afresh 
to the e11 tire scheme of fractionation yielding T 21 M2 and L 2 • This 
process \nts repeated five times. 

1-'ig. 1 represents the results graphically, S being· the protein 
hy11Tate in gm. per 100 gm. of \Yater found dissolved at ammonium 
~ulphate concentrationS where Z was the quantity of protein hydrate 
present in the experimental mixture. [For experimental details, 
etc., see S0rensen C.R Lab. Carlsberg 16, No. 12, p. 17 (1927).] 

1 

1.6 ---- - -- --L- --
1 

o.S 

z-

I 
I 
I 

·~----·-- ---~- ----
1 
I 
I 
I 
I 
I 
I 
I 

Fig 1. (from Serensen, 1930). 

Again it was shown by selecting particular fractions ancl 
determining their solubility under strictly controlled conditions that 
under identical circumstances their individual solubilities varied 
widely, also the solubilities at varying pH as is shown by Fig. '2 .. 
The fractions designated A]) A,, and A 111 were the sparingly, 
moderately and easily soluble fractions of a phosphorus-free albumin 
preparation and were obtained by crystallization to ammonium 
sui ph ate concentrations of ( 40), ( 4 7) and (60) respectively in S0ren­
sen's notation. T 1 C was gained by recrystallizing '1' 1 three times; 
T3 b and .M:5 c are to be similarly interpreted. 

Such striking differences in solubility behaviour would suggest 
that there might be found underlying differences of a. chemical nature 
in the various fractions,. indicating the separation of a heterogenous 
mixture of proteins or, possibly, actual decomposition, carried to a 
greater or lesser degree, of the original albumin material. 
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The results of S¢rensen's analyses did show that quite marked 
differences in composition existed between the various fractions, but 
only certain easily determined amino-acids were estimated and the 
experimental evidence was insufficient to reven 1 any eonnection 
between solubility and composition. 

The figures quoted below illustrate this fact: ­
L 2 f 
0·39 
7·16 
3·65 
2·10 

Humin N ... 
Ammonia N 
Cystine N ... 
Tryptophane N 

T 3b 
0·02 
5·80 
4·38 
0·66 

.. ···········•l••······· J ZJ•••-····· 
............... ; ............ .j. .... " .. ---.. ~ .... -----·f-· 

~ : 
................. f---- ........ ~ .... - ....... 

[ I • 

.. .. ..... i ......... -~; -~L ... -f---.... -... 

.. 
Fig. 3 (from Sorensen, 1930). 

L 
0·04 
5·97 
4 ·57 
0·91 

As was earlier pointed out, T 3b represents a twice recrystallized 
sparingly-soluble fraction, whilst L and L 2 f represent fractions at 
the other extreme, characterized by great solubility. It is evident 
that T 3 b and L do not differ markedly in composition. L 2 f on the 
other hand shows that by successive recrystallizations of the more 
soluble L fractions, a product pronouncedly richer in tryptophane 
N and in humin N accumulates. 

Determinations of the acid- and base-binding capacities showed, 
on the other hand, that under equal conditions all fractions were 
alike, as were their optical rotations. Previous work (Sorensen , 
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1924) had shown that crystalline fractions of widely differing solu­
bilities all exhibited the same osmotic pressure. These facts would 
seem to dispr·ove any suggestion that processes of decomposition or 
denaturation had taken place. 

A~ St:n·ensen himself remarks, the chemical analysis of the 
various fractions was not detailed enough to reveal the connection 
which must undoubtedly exist between solubility and chemical com­
position. In view of the significant figure for humin N in the 
fraction L 2 f quoted in the table and the demonstration by Rimington 
(1929, 1931) that both serum albumin and serum globulin contain 
quite considerable quantitieR (about 1 per cent. in the former and 
3 · 8 per cent. in the latter) of: a complex polysaccharide as an integral 
part of their molecules, also the work of Lustig and his associate< 
(1931) upon the carbohydrate content of various serum globulin 
fractions, it would he of the greatest interest to examine whether 
solubility of the various serum albumin fractions can he related 
directly to their carbohydrate contents. The experiments of M. 
S¢rensen and Haugaard (1933) would seem to suggest that this may 
he so (see section on bound carbohydrate of blood). 

THE CLOBULIN FRACTION. 

As has already been pointed out, the .addition of acid or C02 gas 
to diluted serum results in the precipitation of only about one-sixth 
of the total quantity of protein; by salting out with magnesium 
chloride or hal£ saturation with ammonium sulphate, a further 
quantity precipitates, representing .about another 62 per cent. of the 
total. Hammarsten regarded both fractions as globulin, a view which 
was strongly contested by Burckhardt, who showed that reprecipi­
tati.on was incomplete after the fraction was subjected to dialysis. 
Marcus (1899) confirmed these findings, hut pointed out that in other 
respects the materials-the water soluble and water insoluble-were 
closely similar. Hammarsten (1884), whilst not denying the 
possible association of two or more globulins in the precipitate, 
demonstrated that their solubilities were largely affected by the 
presence of impurities which he succeeded in removing by sodium 
chloride precipitation. 

The duality of the globulins was clearly shown by Fuld and 
Spiro (1901-2), who found that the rennetic ferment aml anti-rennetic 
substance of serum could be separated by fractional precipitation 
of the globulin fraction with ammonium sulphate. The former 
appeared in the 28-33 per cent. fraction, the latter in that precipi­
tated between 43 and 46 per cent. saturation. Full and Spir·o first 
applied the terms euglobulin and pseudoglobulin, whi ch a1e still 
in use to-day. 

Pick (1902) considers that there are no sharp limits of precipi­
tation for these two substances, but that they precipitate reciprocally. 
That some such phenomenon occurs appears also to be horne out 
from experience with antitoxins and immune bodies in different 
animal species (Pick, 1902), B~lfanti and Carbone, Freund and 
Joachim (1902), Marcus (1899), Dieudonne (1897), etc., also by t he 
fact that by often-repeated dialysis and resolution, it is impossible 
to .obtain a pseud·oglobulin which is completely soluble in water. 
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Adolf and Pauli's (1924) electrodialysis method does seem eapable, 
however, of effeeting a division into completely soluble and com­
pletely insoluble globulin. 

For an explanation of this peculiar be~1aviour it is natural to 
turn at first to the possibility of associated substances, such as lipoids, 
affecting the solubilities .of the priteins. An association of the glo­
bulins with lipoids was early recognized and many studies have 
been made with the object of elucidating- the nature of the eombi­
nahon. 'l'hus Chick (1914) thought it not improbable " that 
euglobulin in serum is a complex material formed from pseudo­
globulin by association with some serum lipoid to the presence of 
which it owes its phosphorus content "; the process could even be 
pictured as a gradual and progressive one. 

vVith reference to the nature of protein-lipoid associations, more 
will be said in a later section, but from S0rensen's (1930) results it 
would appear that a part at least of the phosphorus of eu- and 
possibly also of pseudoglobulin is an integral part of the protein and 
independent of lipoid material. 

As in the case of serum albumin, SoJrensen's (1925, 1926, 1930) 
researches from the Carlsberg Laboratory have clone much to clear 
our vie\i'S eoncerning the individuality of the two serum glolmlins . 
In brief, his conclusion is that one is here qealing with an associa­
tion of mutually interacting comrilexes the conditions of whose 
solubility, association ·Or dissociation are governed by factors such 
as the concentration of the solution, the presence or absence of elec­
trolytes, etc. In the first series of experiments upon serum globulin, 
Sv.n·ensen (1925) used preparations made by fractiowJtion .of the 
diluted serum with ammonium sulphate, subsequent dialysis, etc, 
'l'he proteins so obtained contained fairly large amounts of phos­
phorus, whereas the later preparations "·hich he employed and which 
were made from " serum pO\nler ", the total yrotein oLtainecl from 
serum by the use of alcohol or ether-alcohol at low temperature, 
contained considerably less phosphorus as the following figures show. 
There was no significant difference, however, in behaviour between 
the proteins of the former or latter series: 

mg. coagulable P 'j gm . protein N 
From crude serum . From serum powder. 

Pseudoglobulin .. . .. . 0 ·5- 3 · 0 0 ·1- 0 · 4 
Euglobulin ... ... ... 2 - 40 0·1-0·4 

An euglobulin preparation, four times reprecipitated by 
ammonium sulphate, collecting only the material thrown out at 
concentrations of the salt up to (00), was subjected to dialysis and 
the precipitate and residual solution worked up separately. The 
precipitate, after washing, was dissolved in 0 · 6 N KC1 and the 
solution then diluted to 0·03 N whereby a part of the protein was 
precipitated. This was again dissolved in 0·6 N KC1 and th~ 
mixture <li.l utecl to 0·1 N. A further separation into soluble and 
insoluble fractions occurred. The quantities of protein remaining 
in the firs t and second KC1 mother liquors were dialysed until salt­
free but only a portion was precipitated. These processes were shown 
to be capable of indefinite repetition. 'fhere is thus a continuous 
and progressive dissociation or " scaling off " of pseudoglobulin 
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particles from the com1Jle:x originally present. Similarly it was 
shown that, by suitable treatment, the more easily soluble pseudo­
g-lobulin fraction co uld be made to yield certain quantities of euglo­
bulin. S¢rensen denotes the relationship as follows: -

EP P q =::::: a Px + . . . . . . . . . . . . + b En Pm + . . . . . . . . . . . . + Er P s 
where E denotes an euglobulin and P a pseudoglobulin complex or 
molecule and 

p = bn + .... .. ............ r 

q = ax + .................. bm + . . . . . . . . . . . . . . . + s 

Turning now to the solubility relationships at different salt con­
centations, it was again found, as in the case of serum albumin, 
that the solubility depended upon the total quantity of protein 
added to the system, the exact behaviour being also related to the 
degree of previo11s fractionation to which the samples had been 
subjected. Thus, only by very p1·olonged fractionation and washing 
could an euglobulin be obtained which exhibited a fairly constant 
solubility in 0 · 02N N aCl. \\7 hen stronger salt solutions were used 
as solvent for this material, dissociation of pseudoglobulin complexes 
again took place and the solubility of the material was, consequently, 
onee more <lepenclent upon the tota l amount of protein in the system. 
'l'he stronger salt solutions h ave a more potent effect in bringing 
about dissociation. 
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Fig. 3 (from Sorensen, 1930). 

a and b: egg albumin ; c d, and e: serum albumin ; f and a : pseudoglobu lin ; 
h: euglobulin. 

Reciprocal action between precipitate and dissolvecl complexes 
was clearly shown by S.orensen to occur in t hese systems. 

It must be concluded that by these means it is ·impossible to 
obtain either pure euglobulin or P1!-!'e pseudoglobulin, all prepara­
tions being complexes whose solubility rises in proportion to the 
quantity of pseudoglobulin they contain . It is of interest as a close 
to this section to reproduce a figure from S~rensen's work illustrating 
th e dissociation tendency (Dt) of the various proteins he has studied 
as a function of their con centration (Z). 
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BEHAVIOUR OF THE SERUM LIPOIDS. 

As has been mentioned earlier, the precipitate lJroduced by 
adding an equal volume of saturated ammonium sulphate to serum, 
contains quite considerable quantities of lipoid material as does also 
the first crude deposit of crystalline album in. Upon 1·ecrystalli­
zation of the latter, most of the accom1Janying lipoicls are left behind 
in the form of a greenish insoluble 1·esiclue (c£. Troensegaard an<l 
Koudahl, 1926). It is probable that one is dealing with a mechanical 
admixture or loose association between protein and lipoid rather 
than true chemical combination, since there seems to be no regularity 
in the relative proportions of the two coustituents. Ho"·ever, the 
fact that serum is normally clear and translucent requires au 
explanation. By shaking serum with ether only minimal quantities 
of lipoid material are removed which would suggest that some mutual 
interaction must exist bet\Yeen these substances. Addition of 
ammonium sulphate or other electrol:ytes suffices to break down this 
equilibrium so that the two materials are easily separated. Treatment 
with alcohol or ether-alcohol in the col<l gives rise to protein pre­
parations which me prnctically lipoid-free, so that here ngain 
con<litions must haYe be&ll dishnbecl. 

It is noteworthy that in S¢rensen's (1930) experience, all 
attempts to restore the combination of protein and lipoid have fail ed 
to reproduce the original clear serum. F airly stable emulsions could 
be formed but these >Yere always opalescent. 

A few yean; ago, }fftcheboeuf (1927, 1929) subjedecl the 
problem of the serum lipoids to a fresh investigation anil elaimecl to 
have isolated a true protein-lipoid combination in a yield of about 
2 · 5 gm. per litre from horse blood. 'l'he globulins were fin:t 
precipitated by ammonium sulphate ancl the filtrate acidified to 
pH 3 · 8 which <;nused a voluminous precipitate to settle. This was 
dissolved in water to which sufficient ammonia was added to bring 
the pH to 7. Solution and reprecipitation at pH 3·8 was repeated 
10 times, by "·hich time the composition of the subst ance was said 
to become constant . 

It was an association o£ 50 per cent. protein, 23 per cent. lecithin 
and about 18 per cent of cholesterol esters, and dissolved in water at 
neutral or alkaline reaction to produce perfectly clear solutions from 
which the lipoicls could not be r emoved by shaking >Yith ether. 

On extracting crude serum with cold alcohol or ether-alcohol 
as in the preparation of " serum powder ", one wot\lcl expect to find 
Macheboeuf's substance in the mother liquors, hut as S0rensen 
(1930) shows, its detection in these is not realisable in practice. 
One must conclude that on evaporation of the solvent cleavage of the 
compound takes place. 

More recently Theorell (1930) h as subjected the whole question 
of the serum lipoids ancl their relationship to the proteins to one of 
the most searching investigations of the subject so far performed. In 
addition, his paper may be referred to for a critical review of the 
previous literature on the subject . As he justly states, far too little 
attention has been paid to the purity of t h e materials used in 
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attempts to reconstitute stable lipoid-protein emulsions resembling 
serum. Thus, ordinary cholesterol is fairly readily emulsified in 
water by suitable technique, but this property is lost on repeated 
recrystallization. Theorell describes in detail the special procedure 
by which he was able to obtain 0 · 7 to 0 · 85 per cent. emulsions of 
pure cholesterol. 

\¥hen such an emulsion is added to fresh serum a portion of 
the cholesterol is taken up in clear solution and the sedimentation 
velocity of erythrocytes is found to be markedly retanled t hereby. 
At the same time the resistance to hypotonic salt solutions (fragility 
test) is increased. It appears that a part of the dissolved cholesterol 
is taken up- possibly adsorbed by the cells. 

Examination of such a choloesterized serum shows that the 
precipitation limits of the proteins towards ammonium sulphate 
have not altered, but that the main quantity of the added cholesterol 
falls with the globulin haction. Fibrinogen, in the case of 
cholesterised plasma, carries clown little. In a simila1· way it was 
shown that when lecithin sols are added to serum or plasma and the 
excess centrifuged off, a certain quantity has gone into clear solution 
in the liquid, whilst the excess has removed "·ith it a fraction of the 
cholesterol originally present. Lecithin, as does cholesterol, causes 
a diminution of sedimentation velocity hut acts antagonistically to 
cholesterol in that it decreases the resistance to hypotonic sodium 
chloride solutions. A part of the added lecithin appears to be 
adsorbed by the corpuscles, although no alteration in electric charge 
of the latter can he detected. 

On salting out with ammonium sulphate, 
of the proteins are found to be unaffected. 
lecithin is carried down by the fibrinogen, 
globulin fraction. 

the precipitation limits 
A part of the excess 

the remainder by the 

For the sake of comparison "·.ith the above findings Theorell 
(1930) prepared an euglobulin fraction from horse serum by elec­
trodialysis in a Pauli apparatus and also the total globulin and 
albumin fractions from the same serum by ammonium sulphate 
precipitation. All these protein preparations were analysed for 
cholesterol and lecithin (i.e. Phosphorus x 25) with the following 
results, from which it will be seen that the quotient cholesterol/ 
lecithin falls progressively from euglobulin to albumin : -

Cholesterin Cholesteri n Lecithin 
Protein fraction. lecithin. protein. protein. 

Total protein ... 0·51 0·013 0·0255 
Euglobulin ... ... 0·79 0·023 0·0292 
Pseudoglobulin plus 

albumin ( = dia-
lysate filtrate) 0·45 O·Oll 0·0246 

Total globulin ... 0·75 O·Oll 0·0153 
·Albumin ...... ...... 0·41 0·015 0·0366 

The effect ·Of the pH upon the distribution of the plasma lipoids 
among the various protein fractions was also studied. The results 
may he presented summarily in the following table, although in 
attempting to interpret these figures it is important to note that 
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altering the pH towards the acid side causes a progressive co­
precipitation of the less highly disperse<l fractions at the UBual salt 
concentrations, and in all probability also an alteration in the equi­
librium between free and protein-bound lipoic! : -

Cholester in 
Lecithin for 

Protein fraction pH " Fibrinogen." "Globuli.n. " "Albumin." 

I 7·46-7 ·41 r:r; 1·08 0·50 
II 6·54-6·42 •A; 1·05 0·50 

III 5· 99-6·12 00 1 ·20 0·52 
IV 5·57-5·59 1·44 0·71 0·59 
v 5· 06-5· 02 1·00 0·6G 0·73 

VI 4·70-4·77 0·54 0·6G 0·80 

A general comparis·on of the data for sedimentati·on velocity with 
total cholesterol content fai ls to reveal any correlation, although ,t 
would appear to be certain that this phenomenon is l argely influenced 
by the lipoids of the plasma. The existence of both free and protein­
bound cholesterol in serum was made very probable by the work of 
Handovsky, Lohmann and Bosse (1925), who also found a correla­
tion, slight in degree, between the euglobulin content anrl the ether­
extractable cholesterol. Theorell, in the work un<ler di::;cussi·on, by 
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(from Schmitz and Fischer, 1933, A). 

means of ether extraction experiments at different pH values of the 
serum and of varying duration, establishes quite clearly t he fact 
that a part of the total cholesterol is easily extracted at any pH and 
is probably, therefore, free cholesterol in simple, colloidal solution, 
whilst the remainder is only extracted with difficulty and shows a 
well-marked pH effect, being most easily extractable by ether at pH 
5 ·5-6· 0, a reaction suggestively close to the iso-electric points of 
fibrinogen and the globulins. A reversible association between 
cholesterol and protein was su ccessfully demonstrated with isolated 
protein fractions. Only at still more acid reactions than pH 5 · 5 
do a lbumin and cholesterol form associations. · 
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As a result of a large number of extraction and seclim.eutation 
velocity e:s:pe_riments upon a large number of sera, the hypothesis 
was substant iated that only t he cholesterol not in combination with 
fibrinogen or globulin exerts an inhibitory effect upon sedimentation. 
A correlation coefficient of - 0 · 63 + 0 ·10 was found between the free 
cholesterol and sedimentation velo;;-ity. 

The effect uvou sedimentation of h eating plasma is to be 
associated with alterations in the colloidal conditions and is indepen­
dent of the lipoids . 

Schmitz ()JHl Fischer (1933, A, B) distinguish bet\Yeen t he effect 
of H ions upon the serum proteins ( aci<l reaction) and that of salts, 
particularly ammonium sulphate (salt r eaction), and show how these 
two factors operating together may be made to indicate the 
lnbil.ity of t he colloifhl p1·otein system. 

Lipoicls such as heparin \Yere shown by Fischer (1932) to inCl"ease 
the acid reaction, the tlocculation optimum being displaced t-owards 
the acid side, they act, therefore, in the sense of stabilisers of the 
serum proteins. 'rhis effect with .a mixture in their original pro­
portions of albumin and globulin isolated fr om serum, is well 
brought out in Fig. 4. 

pH 5 was chosen as a suitable value at which to make com­
parative determinations of turbidity .and the effect of the progressive 
addition of heparin to such a protein system upon the t urbidity at 
pH 5 is illustrated in fig. 5 . It will be noticed t hat the salt 
reaction remains uniufluencecl. 

\Vhen no\\" the r es nlts are so exp1·essed as in Fig. 6 plotting the 
difference between the salt reaction aJlfl acid reaction D as ordinate 
against the logarithm of the concentration of stabilisor (heparin), 
log S , a linear relationship is . found to hold, i.e. the stability 
decreases r egularly as the logarithm o£ th e sta:bilisor ill creases. 
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For the sake Qf obtaining a characteristic for any serum the 
" degree of lability " may be calculated by means of t he expression 

T 100 lOO x J, h J 1 J h l f h "d d , = - - -J- w ere 1 atH 2 are t e va ues o1· ( e aCl an 
f ~ 

salt reaction 1·espectively. Log L then g1ves the " degree of 
lability " of the serum . 
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No reference has as yet been made to the work of Brinkman 
and Van Dam (1920) and Brinkman and -w astl (1921), to whom many 
of the early results in this fielc1 were due. In particular, attention 
will here be called to their demonstration ·Of the effect of diet upon 
red cell fragility, haemolysis and regeneration. The feeding of 
lecithin caused a well-marked intravital haemolysis in the rabbit 
with increased red cell fragility. Lecithin in the diet was also 
found to be essential for normal blood cell regeneration. 

A<lopting a procedure ·of progressi.-e precipitation by ammonium 
sulphate, Lustig and Katz (1930) were able to show that the protein 
fractions brought down from normal serum at concentrations of 33 
per cent. (" euglobulin''), 50 per cent ("pseudoglobulin"), 50-60 
per cent. (" albumin I "), 60-66 per (·ent. (" albumin II ") , 66-7G per 
cent. (" albumin III ") and then separate(] according to solubilities 
in water, sodium chloride, sodium carbonate and sodium hyclroxide 
solutions (Freund and Joachim, 1902), differed from each other in 
such respects as total nitrogen content, number of amino and of 
carboxyl groups, etc. In a further communication the same authors 
(1931) have investigated the lipoid contents of the various ox serum 
protein sub-fractions. Lustig and Botstiber (1930) had already 
shown that the lipoids of human euglobulin, pseudoglobulin and 
albumin fractions were characteristic for each protein, and Lustig 
and Katz extend this specificity to the sub-fractions also. The 
highest leeithin content w.as found.in the sorlium ehloride-soluble sub­
fractions of the eu- and pseucloglohulins, the lowest in the water 
soluble sub-fractions. Their table of results is reproduced below:-

Distribut1:on of l·ipoids in the s·ub-fractions of serum p1·oteins. 
Lipoids Lecithiu Cholesterin 

.Proteins in 100 g. in 100 gm. in % of in 100 gm. in % of 
protein % protein total protein . total 

Euglobulin 
lipoid. lipoid. 

water sol. 0·56 0·11 19·7 0·12 21·4 
Eug. NaCl sol. 2·33 0·41 17·G 0·48 20·6 
Eug. Na2 C03 

sol. ... ... .. . 1·66 0·46 28·3 0·41 24·7 
Euglobulin 

NaOH sol. 9·70 1·98 20·4 2·95 30·4 
Pseudoglobulin 

water sol. ... 3·32 1·08 33·4 0·92 27·7 
Pseudoglobulin 

NaCl sol. 3·29 1·35 41·0 0·92 28·0 
Albumin I 3·15 1·18 37·8 1·02 32·3 
Albumin II ... 6·26 2·82 45 ·0 2·10 33·5 
Albumin III... 4·86 1·53 31·6 2·13 44·0 
Total proteins of 

OX serum ... 4·75 1·44 30·3 1·61 33·9 
'l'he immunological behaviour of the various serum sub-fractions 

has been the subject of additional communications by Freund and 
Lustig (1932) and Lustig and Katz (1932). The relative proportions 
and chemical characteristics, NH2 - and COOH groups, total N and 
carbohydrate contents of the sub-fractions in such pathological con­
ditions as cirrhosis, sarcoma and carcinoma, have been investigated 
by Lustig (1931) with interesting results. 
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"BOUND SUCAR" OF THE BLOOD AND 
PROTEIN-CARBOHYDRATE COMPLEXES. 

In a recent review of 250 pages supplemented by ove1· 500 
references, Grevenstuk (1929) subjected to a cletailecl, critical 
examination the experimental results and claims of those who have 
investigated the so-callerl " bound sugar '' or " protein sugar " of 
the blood. Xo attempt "·ill be made, therefor e, to traverse this 
field again from its historical aspect, since Grevenstuk's paper is 
readily a;-ailable; the issue will be narrowed clown, rather, to a dis­
cussion of the occunence of earbohych ate grm1ps as an integral part 
of the serum proteins . 

The fact that the rerlucing power of whole blood is increased by 
acid hydrolysis is an incontestable fact, but to assume, as have most 
workers in this fielc1, that the increase in reducing po·wer is due to 
the liberation of .r;l~LcOSe, previously held in combination with the 
p1'oteiu, is quite unwarrantable . In order to avoid the pr~judice of 
terms, Gr evenstuk in the monograph referred to alludes to the pre­
cursor of the extra reduction as the " hydrolysable substance ", 
" Hy-S ", t.hus avoicling any implication as to its nature. His dis­
cussion suffers, howeYer, in another respect, that of engendering in 
the mind of the reader, unintentionally, the idea that the same Hy-S 
may be found iu the plasma, corpuscles and possibly also in the 
serum proteins. In any appl'Oach to the subject, the very r everse 
should be uppermost in the mind. 'l'he methods emplo•yed by 
different investigators should be critically comparecl before endeavour­
ing to appraise the Yalue of their respective results, which so often 
stand in mutual contradiction. Grevenstuk has performed a signal 
service in reproducing, in all essential detail, the procedures adopted 
by the workers -of the French and Italian schools, espeeially are the 
methods of cleproteinization employed of the greatest significance. 

Let us nmY clarify the problem. As stated above, the fact is 
Lmdisputed that, when " 'hole blood is subjected to acid hydrolysis, 
the reducing power of the deproteinizecl filtrate is found to be greater 
than that prior to h;ydrolysis. The general concensus of opinion is 
also to the effect that plasma behaves similarly . With regard to the 
proteins, we h ave conflicting results. 

No"·, plasma or serum contains substances, some of which are 
known to liberate reducing bodies on boiling with acids or to increase 
in reducing pmYer such as, for example, h exose phosphates, 
glycuronates, creatin, etc . It is of interest that with regard to the 
latter, Benedict found that by heating a solution with n- HC1 at 
117° for 30 minutes, the change from creatin to creatinine, with 
higher reducing power, was practically complete . The conditions 
are almost identical with those usecl. by the French " ·orkers in their 
"bound-sugar" cl.eterminations (Bierry and Fanclard, 1918). 

Turning next to the deproteinizing agent, it is well known that 
some mixtures precipitate protein fission products less completel y 
than others and differences in final reducing power have in fact been 
found according to whether, for example, mercuric nitrate (Patein­
Dufau) or sodium tungstate (Folin) mixture "·as employed for the 
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removal -of the protein cleavage products formed as a result of the 
treatment with acid. The use of the Hagedorn-J ensen method where 
zinc hydroxide is the cleproteinizi.ug agent, as in the experiments 
of Bigwoocl awl vVuillot (1927, A , B, C) is quite unpenui ssable! 

Not only is there a danger of incomplete removal of interfering 
protein bodies, however, there is also the chance that particular de­
proteinizing agents might remove one or other of the actual carbo­
hydrate substances it is desired to estimate, a point which has been 
n~ost persistently and unaccountably overlooked. In 1929 Dische 
pointed out that mercuric nitrate and alkali, as used by Bierry and 
his collaborators, removed some constituent from the h~drolysate 
which in view of the writer's own, later experiments, was almost 
certainly glucm;amine. Thus the figures obtained by the French 
school of workers are. probably, without exception, too low. 

Fontes and Thivolle (1927, A, B) found that rleproteinizatiou of 
blood with mercuric nitrate led to lower reducing values than when 
sodium tungstate was used, but also pointed out that if such a 
tungstate-deproteinized blood filtrate \\·as hydrolyzed with acid for 
half an hour anrl then treated with mercuric nitrate and the reducing 
power again determined on this filtrate, it was fo und to be unchanged. 
Grevenstuk comments upon this finding as follows: " Blut enhalt 
eine Substanz, die na!~h- Hyclrolyse ebenso Htark reduzi er t \Yie zuvor 
(also nicht zur Hy- S gehiir't), aber vor Hydrolyse \Y·ohl, danach 
aber nicht mehr von Mercurinitrat gefiillt wird! " 

The facts allow of another interpretation. Suppose there is 
present in the tungstate filtrate a carbohydrate complex represented 
by G-M \Yhere ~I possesses a free reducing group. G- :M: is supposed 
to be removed from solution by mercuric nitrate and alkali by virtue 
of groupings in the component G, but to remain unprecipitated by 
sodium tungstate. 'l'he higher reducing power of a tungstate filtrate 
follows at once. Now suppose such a filtrate is hydr-olyzed, G-M 
being split into its components and the mercuric nitrate reagent 
added. G \Yill in all probability be precipitated and M remain 
behin!l in solution . 'l'he filtrate from this last precipitation would 
then exhibit a total reduction equal to that of the tungstate blood 
filtrate but greater, by M:, than that of au original mercuric nitrate 
bloocl filtrate. 

Apart from the points afore mentioned , the method of direct acid 
hydrolysis possesses other serious dra·wbacks which may be enumerated 
below as follows :-

(a) If the period of heating be too short , or the temperature 
not sufficiently high, hydrolysis may be incomplete and 
the r educing value found , therefore, too low. 

(b) Even boiling pure sugar solutions .with acids leads to a 
certain amount of destruction the degree of which varies 
both with the particular carbohydrate, the kind of acid, 
its concentration and the temperature and duration of 
heating, so that it is quite imrwssible to make any quanti­
tative allowance for this effect [J:>avy (1896), Krok (1918) , 
G,lassmann (192G), and unpublished results of the writer J. 
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(c) In the presence of certain amino-acids or protein break­
clown products and hot , strong acids, as in the usual con­
clition of hydrolysis, carbohydrates readily condense with 
the nitrogenous substances to form " humin ", a clark 
amorphous material devoid of reducing properties. Gart­
ner (1916) and h~sassociates have shown that tryptophane 
is the amino-acid chiefly respon,~ible and in unpublished 
experiments the writer has found that when tryptophane 
ancl glucose in the molecular proportions 2: 1 are refluxed 
in 20 per cent. hydrochloric acid for 24 hours, the forma­
tion of humin is neatly quantitatiYe. Glucosamine reacts 
to only a very slight extent under these conditions. 

Clearly, it must be aceeptecl as a foregone conclusion that whe11 
whole blood, or even the isolated blood proteins, are mdoclaved with 
acids and reducing power determinations carried out, ihe quantity 
of sugar found will be considerably less, to a Yariable extent, than 
that which was actually formed. Had any of the methocls in u se 
been ~ested by a simple recovery experiment, this would at once have 
been obvious. 

Considering the unsatisfactory state of t he ,,·hole problem of 
" bouucl " or " protein-sugar ", the writer some years ago 
endeavoured to :find a solution to one aspect at least, whether purified 
serum proteins containecl any carboh y<lra te matel'inl as an integral 
part of their molecule-by the only method possible, namely, that of 
isolating the carbohydra te eonstituent in a state of purity and deter­
mining i ts chemical structure. 

It is surprising that previous investiga(ors have giYen so little 
forethought to the efficient purification of their starting material and 
to the proper choice of hyclrolytic agent . Mineral acids have been 
almost exclusively employed in spite of the obvious objections to their 
use outlined above. 'l'hus both Krawkow (189G) and Lang-stein (1902) 
claimed to have isolated an osazone from acid-hYdroh·zecl serum 
albumin and the latter author identified glucosm~lill e ·among the 
reaction products by the method of benzoylati'on. 

Somewhat similar result s were obtained in the ca,;e of serum 
globulin by KrawkmY (189(1), E ichholz (1898) , AhclPrhnlden et al. 
(1904), Langstein (1903, 1905, 1906), Condorelli (1924, A; 1926) and 
others. Their individual findings were, howeYer, far hom being in 
good agreement, and no clear insight w.as 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 Rerum protein fra.dions usecl 
and an alkaline hydrolyzing agent, barium hydroxide was employed, 
this h aving the advantage that the carbohydrate complex " ·as fairly 
readily liberated from its attachment to the protein without in itself 
suffering much resolution into its components. The greater stability 
of glucosides towards alkalis than towards acids is " ·ell known. The 
same complex was also obtained after digesting the protein "·ith 
trypsin. Its isolation was achieved as follows (Rimington, 1931) : -

The purified protein, serum albumin or globulin, was refluxecl 
with 10 per cent. baryta for 36 hours, bai"ium remm-ed as sulphate 
and the carbohydrate precipitated by basic lead acetate and baryta, 
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the process being r:ontrollerl by .Molisr:h tests upon the filtrate. After 
washing, repreci11itation, etc. , carbon dioxide was passed through a 
suspension-of the preeipitate iu water until all carhohyrlrate material 
was liberated. Protein decomposition products were then removed 
by acid mercuric sulphate, keeping the H 2 SO,, concentration below 
5 per cent., and after removal of Hg, Ba and 804 ions, the solution 
concentrated in vacuo to a syrup. This was mixed with dry methyl 
alcohol and the carbohydrate precipitated by ad(lihon of ether. It 
was purified by frequent reprecipitation and then dried in vacuo over 
sulphuric acid. 

The substance so obtained contained nitrogen, and it was at 
first thought that the percentage of this element became constant at 
4 ·1 per cent. However, such preparations al·ways contained a little 
chlorine and it was subsequently found that this was due to the 
carbohydrate complex being incompletely freed from histidine, to 
which it appears to he hound in the protein molecule. M·ore pro­
longed hydrolysis with baryta gave a substance, no longer giving a 
positive diazo readion (Pauli's test) and free from chlorine , " ·ith a 
constant nitrogen content of 2 · 78 per cent. 

H 
I 

~~----r~~~-:-----1~ 
Ol=HO-C,-H I I 

-~-OH HO-~-H 1 
C--H M 

I 
CH2 0H 

This carbohydrate was found to be a complex of glucosamine 
(1 mol.) and mannose (2 mols .), most probably polymerized. No 
other sugar could be identified. It does not exhibit reducing proper­
ties until after acid hydrolysis, which liberates the individual com­
ponents, and was optically inactive. It was not attacked by enzyme 
preparations . In order to account satisfactorily for its chief proper­
ties, the following structural formula was tentatively suggested for 
this carbohydrate; detailed evidence is presented in the writer's first 
paper. .M: represents the second molecule of mannose. 

The same complex was present in both albumin and globulin, 
but the quantity was much gTeater in the latter. 

In the light of these findings, many of the observations of former 
investigators fell into their true perspective. Thus the isolation of 
glucosamine from acid hydrolysates is readily understandable; also 
the fact that Dische (1929) f.ound mannose to he present in an acid 
hydrolysate of whole plasma. 
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Many of the claims of Bierry, it is true, are at Yariance with 
the above results. Thus he (1928) failed to find any mannose in one 
careful experiment with an acid hydrolysate but isolatecl.glucosazone 
and consequently attributed the whole of the extra reducing power 
to glucose, although, in a later puhlicahon he (1931) considered the 
presence of mannose, galactose and glucose to be probable . 

As before mentioned, the chances of isolating, with certainty, 
any of the carbohydrate constituents from an acid hydrolysate of 
blood or plasma are remote except in the case of the comparatively 
stable gluoosamine, hut this, of course, yields the same o.sazone as 
glucose. 

It is of interest to note, in passing, that Frtlnkel aiHl J ellinek 
(1927) obtained a nitrogen-containing- polysaccharide from egg­
albumin and Levense and M:ori (1929) later -obtained this substance in 
pure form and showed it to be gluoosamino.~dimannose . 'rhey con­
sider, however , that it was probably derived from ovomucoid adhering 
to their protein preparations since with recrystallization the carbo­
hydrate-content of egg albumin decreases. 

This inte1·pretation was strongly criticized by the writer, who 
pointeu out that, by repeated recrystallization a fractionation of the 
protein, in the S0rensen sense, was really achieved. It was suggested 
that the carbohydrate content of the individual components of the 
blood serum· proteins might vary quite considerably, thu,;, perhaps, 
conferring upon them their respective solubility characteristics (see 
previous discussion). 

A fractionation of this sort has quite recently been c~rried out 
in S0rensen's laboratory by M:. S_0rensen and Haugaard (1933), who 
actually found a ve1~y marked difference between the carbohydrate 
con tent of a readily soluble, crystalline serum albumin fraction (0 · 4 7 
per cent.) and a sparingly soluble (also crystalline) fraction which 
contained not more than a trace (0 · 009 to 0 ·017 per cent. ) . These 
value:; " ·ere obtained by a colorimetric method. 

Various methods have been proposed for the colorimetric deter­
mination of sugars in complex mixtures, glucosides or proteins. 
These are reviewed by Dische (1931). 'l'he m·iter, in his study of the 
serum proteins (1931) used both the methods proposed by D!sche and 
Popper (1926), and by Tillmans and Philippi (1929) based upon 
colour reactions with indole and with orcinol respectively . Neither 
gives any colour with glucosamine but mannose, according to the 
indole method, develops only 65-70 per cent. of the colour of an 
equivalent quantity of glucose, whereas with orcinol it rea cts quanti­
tatively . The polysaccharide isolated from the serum proteins gave, 
as would be expected from a consideration of the above facts, 66 · 6 
per cent. of the colour of an equal weight of glucose by the orcinol 
method and only 40 per cent. according to the indole method. 

Serum globulin gave 1·468 per cent. of carbohydrate reckoned 
as glucose by the Dische-Popper method, and 2 · 279 per cent. by that 
of Tillmans and Philippi. A very carefully purified preparation 
afforded a figure of 1·3 per cent. as glucose (Dische-Popper ) corres­
ponding, therefore, to 3 · 7 per cent:fl of total carbohedrate-ghwose 
aminodimannose. 
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\Vhen examined iu the same way, serum albumin was found to 
be much less rich in carbohydrate groups. S0rensen and Haugaanl 
(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 mixt;.nes, or in combination in more 
complex polysaccharides . In this they had recourse to measurements 
of colour absorption by the " step-photometer " and by selecting the 
two spectral filters 43 and 53 and plotting the ratio of the extinctions 

as measured by these, ~ :~, against the time of heating of the 

reaction mixture were able to obtain their basic reference curves for 
each sugar. Since the individual components of a polysaccharide 
contributecl their effects aclditatively, the constitution of the latter 
oould be " deduced " by fincling the cmnbination best superposed 

upon the experimental ~ :~ time curve yielded by the substance 

in question . 

From the results of their experiments, they conclude that nut 
only mannose but also galactose is present in serum albumin and 
globulin preparations, glucosamine, of course, gives no eolour with 
the reagent and would not be detected by this method. 

Whilst these findings must undoubtedly be looked upon as sug­
gestive and significant, no certain conclusion can be drawn until 
galactose has actually been isolated from these proteins ancl fully 
identified. 

The quantity of carbohydrate found by S0rensen and Haugaard 
in serum globulin was 1·82 per cent .. , as glucose, which as they show 
is equivalent to 3 · 41 per cent. of a glucosaminodimap.nose or 
glocusamino-galacto-mannose in good agreement ' with the ngure of 
3·7 per cent. obtained by the writer. Attention must also be drawn 
to the work of Lustig and Haas (1931) who, using the Tillmans­
Philippi method as originally described, showed that the carbo­
hydrate content of their serum proteins was not altered by prolonged 
dialysis or repeated reprecipitation from alkaline solutions, after 
denaturation, by the addition of acid. Further, they investigated 
the carbohydrate content of the various sub-fractions of ox serun1 
protein and found very marked differences . The following table 
is taken from their work:-

P1·ote£n sub-fmction. Carbohydrate content %-
Euglobulin water-soluble 
Euglobulin NaC1- soluble .. ... ... . 
Euglobulin N a 2 C03- soluble .. . .... . . 
Euglobulin NaOH- soluble ..... . 
Pseudoglobulin water-soluble .. . 
Pseudoglobulin N aC1-soluble .. . 
Pseudoglobulin N a 2 C03-soluble .. 
Pseucloglo bulin N aOH-soluble . .. . . . .. . 
Albumin I . . . .. . . . . . . . . . . . .. . . . . . . . .. 
Albumin II ... .. .. . . ................ .. 
Albumin III . .. . .. .. ........ . .... .. 
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It is clem· from the small Jifference in earbohydrate content 
between albumins I, II and III compared with the large difference 
found by S_0rensen and Haugaard (1933) between that of their easily 
soluble and sparingly soluble albumin fractions, that the different 
procedures adopted do not effect the same type of separation. 

Some space has been devoted to the consideration of " bound " 
or " protein " sugar in blood since it is felt that there are already 
sufficient in<lications in the literature to show that it may P:t:ove to 
be of distinct importance not only in t he normal physiology of carbo­
hydrate metabolism but also in pathological conditions. Much of the 
existing work, it is true, is marred by the uncertainty as to what 
substances 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 ca1·bohydrate and methods for its accurate deter­
minati-on. 

Ko attempt will be made to dis<:uss the nuious contribu­
tions to the physiology of hound sugnr ns most are r eferred 
to in (;heYenstnk ' s (1929) article. Attention "·ill onl.Y be drawn 
to the papers of Glas,;mann (192G), Freund (188!)) and the 
Italian workers, espeeially Condorelli (1924), B; 1924, C), 
and to point out that Bordet's (1922) argument is not 
necessarily sound. He claimed that the bound carbohydrate of blood 
could not be regarded as attached to the proteins since Bierry's 

t . Protein N . b 1 t · quo 1ent " p t . ,, 1s y no means constant, at east no 1n ro ,eln sugar · 
pathological cases. It 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 J and thus an increase in the relative quantity of any one, 

· l bl lt h Protein N · E · 11 · 't consiC era y a er t e " p t . , quotient. ~speCla y 1s 1 
ro e1n sugar 

likely that such conditions might ai,ise in pathological sera. 

As the writer has previously pointed out (Rimington, 1929) , the 
question whether t he carbohydrate complex of the se1·um proteins 
takes a part in immunological phenomena is a pertinent one and 
shoul<l be explored by exper imental investigation. Heidelberger 
(1927) and his associates have demonstrated the peculiar role played 
in this connection by the polysaccharides, some nitrogen-containing, 
of various strains o£ pneumococcus. Other examples have since been 
brought 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 anal<Jgous with that of the haptenes. vYh.at grouping is 
responsible for the biological specificity of proteins is still unsol vecl. 
Possibly the phenomenon of specificity and antigenicity resembles 
that of enzymic action in requiring a specifically active cent re situ­
ated on a colloidal carrier, the clepenclenf'e for the uumifestation being 
mutual. 
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It is sig-nificant that Avery, Goebel and Barbers (1932) have 
demonstrated that the synthetic g-luco-proteins formed by coupling 
globulin 'vith cL- and /3 - p- aminophenol g-lucosides (by diazotiza­
tion and mixing in alkaline solution) are not only antigenic but 
exhibit a specifi<:ity Yery similar to that en<-ountere<l in the <-ase of 
pneumocoe<:us type II and Frieclliinder Bacillus type n. 

Thus, whilst addition of the homologous glucoside to its anti­
serum completely inhibits the precipitins for both homolog-ous and 
heterologous test antigens, the heterologous glucoside inhibits only 
for heterologous antigen having but slight effect upon the antibodies 
reactive with the homologous antigen. 

In the preYious study, made by Avery and Goebel (1929) , "·here 
a g1uco-globulin an<l galacto-globulin were employe<l, that is to 
say, antig-ens lllnne by coupling g-lobulin "·ith the p-aminophenol 
glycosides of g-1 ucose and of galactose respectively and differing 
therefore only by the relative positions of one H and OR group in 
the sugar residue, a much stricter clegree of specificity was found to 
obtain, each developing an antibody specific for the glueo-protein 
which hacl induced its formation. Moreover, the specific role of the 
sugar radical was demonstrated by the fact that the glycosides alone, 
unattached to protein, were capable of inhibiting specifically the 
precipitin reaction between the corresponding antiserum and homo­
logous antigen. 

Before leaving the subject of " bound sugar ", mention must 
be made of the third p1·otein of the serum, the so-called serum 
mucoid. Surprisingly little attention has been paid to this substance, 
the most complete study being that of Bywaters (1909) , who also 
proposed a method for its determination (1906-7). Eichholz (1898) 
reported the isolation of a considerable quantity of an osozone 
melting- at 204° from the pro<lucts of its hy<lrolysis aud Zanetti (1903) 
the identification of glucosamine as (tetra) ben7ioylgluoosamine. 

Bywaters, as a result of his study came to the conclusion that 
serum mucoid was a true protein, closely resembling ovomucoid, and 
not merely a proteose or protein split-pro<luct, as some had supposed 
on account of its not being coagulated by heating its solutions to 
boiling. He also determined its carbohydrate content by the y ield 
of reducing substances after acid hydrolysis to be of the order of 
24 per cent. Glucosamine was identified by the isolation of penta­
benzoylglucosamine from such hydrolysates. By,vaters considered 
that the quantity of serum mucoid, normally about 0·3 to 0·9 gm. 
per litre of blood, varied markedly in reSJlOnse to various physio­
logical conclitions such as hunger, starvation, etc. 

As a result of unpublished experiments carried out some years 
ago, the write1· is able to substantiate Bywater's claims on the 
chemical side. 

The mucoid was prepared from. ox or sheep serum after first 
removing the albumin and globulin by hea.ting, by evaporating in 
Yaeuo to a small volume, dialyzing thoroughly and then precipitating· 
by addition of alcohol. 'rhe crude material was several times re­
clissolved in warm water, the solution filtered and poured into about 
four volumes of alcohol. A second dialysis was also usually included. 
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It was obtainecl as a white powder, soluble in warm water and 
giving most of the usual protein colour reactions, with the exception, 
h owever, of t he l abile sulphur test, although analysis showed it to 
contain about 1·7 per cent. S. Fehlings solution was not reduced on 
boiling with a solution of the mucoid, but the M:olisch reaction was 
strongly positive. Analyses of different preparations gave figures 
similar to those quoted by Bywaters for his own and Zanetti's 
preparations, thus : -

c H N s 
Ox serum mucoid ... ... ... . . . .. . 47·43 7·23 12·31 
Sheep seru1n mucoid .. . ... ... . .. 47·78 7·13 12·75 0·91 
Mean of Bywaters preparations .. . 47 ·62 6·85 11·59 1·8 
Zanetti's pre ]Jarations ... .. . . .. ... 47·6 7·1 12·9 2 ·2 

'l'he carbohydrate content was determined by the method of Till­
manns and Philippi (1 929) . Expressing the results as glucosaminodi­
mannoee it approached 22 per cent., but some variation was noticed, 
possibly clue to irregularities of the method (see S_0rensen and 
Haug-aanl , 1 900). The i~olation -of the earhohyclrate <:omple:s: has nor 
yet been undertaken, but it is hoped to do this and to complete the 
study of this interesting protein in the near future when it will be 
seen wheth er the same carbohydrate grouping is 1nesent in the 
mucoid as in the other serum proteins. 

That serum mucoirl does exist in blood and is a distinct protein 
seems to be incontestable. It would be of interest to examine its 
:fluctuations in various pathological conditions. Lewis and vV ells 
(192()) haYe examined the immunological behaviour of both serum­
and ovo-mucoirls of different species and their results still further 
support the view that these proteins are distinct individuals. Thus 
serum mucoid was found to be antigenic, that of the sheep being more 
active (anaphylactic shock method) than that of the ox. No protec­
tion was afforded by the heterologous protein. Compliment fixation 
tests also showed a fairly high degree -of specificity. Dog and sheep 
serum mucoids were shown by the uterine strip method to be distinct 
from each other and from the ovomucoicls. 
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