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DBGRADATIOW OP SERUM GLYCOPROTEIN 

BY DIPLOCOCCUS PNEUMONIAE

CHAPTER I 

INTRODUCTION

It is veil established that plasma proteins contain several car

bohydrates firmly attached to the protein moiety. The major mono

saccharide components of serum glycoproteins are now known to be 

galactose, mannose, glucosamine and sialic acid. Galactosamine and 

fucose are minor constituents of some serum glycoprotein. The average 

serum protein-bound carbohydrate levels of normal individuals are 

Ilk ± 3 mg% for hexose, 7 1 1A mg% for hexosamine, 6 2±2 mg% for sialic 

acid, 8.p± 0.6 mg% for fucose and 0.226±0.075 mg% for uronic acid 

(Shwtiar, 1961). These carbohydrates are widely distributed in all 

major serum protein fractions with the possible exception of serum al

bumin, but are especially prominent in o(, j and ^ globulin fractions.

Changes of the serum protein fractions and of the bound carbo- 

hydxates (glycoproteins) of these fractions are known to occur in many 

pathological conditions, including cancer, rheumatoid arthritis, rheu

matic fever, myocardial infarctions, pyogenic infections, pneumonia and 

tuberculosis. Very little is known at the present time about the
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metabolic alterations vhlcb lead to these changes, or even about the 

normal synthesis and destruction of glycoproteins in the animal body. 

Knowledge of the nature and size of the carbohydrate units and these 

linkages with amino acids is still incomplete.

For degrading the polypeptide chain, both cheodcal and enzymatic 

methods can be applied. However, enzymatic digestions are still more 

specific, and, therefore, more useful for a structural study. Similar 

reasoning can be applied for the hydrolysis of the polysaccharide chain. 

Proteolytic enzymes obtained from several biological sources desionstra

ting different specificities are available which will completely de

grade the heteropolysaccharide chain of serum glycoprotein.

This investigation was undertaken for the purpose of finding a 

microorganism which would provide a source of enzymes for the degra

dation of heteropolysaccharide chains as a tool in structural studies 

of glycoproteins. A preliminary survey of a number of microorganisms 

revealed a surprising resistance of serum glycoproteins to bacterial 

destruction (Shetlar, 1959). Among those organisms tested, only Diplo

coccus pneumoniae was found to liberate carbohydrates, other than 

sialic acid, from serum glycoproteins.



CHAPTïH II 

LITERATURE REVIEW

Since this study concerns a search for a alcroorganlsa which will 

degrade serum glycoprotein and a structural study of glycoprotein using 

enzymes obtained from bacteria, this section of the dissertation will 

review, (1) Studies concerning the degradation of serum glycoprotein 

by microorganisms, and, (2) Studies dealing with the structure of 

glycoprotein.

Studies Concerning the Degradation of Serum 

Glycoprotein by Hicroorganisms

General

During the studies of antigen-antibody reactions with pneumococci, 

Benzancon and Griffon (1900) found that, upon incubation of ^  pneu

moniae with its antiserum, a voluminous white precipitate was obtained 

after sixteen hours of incubation, whereas a mixture of normal serum 

and pneumococci developed only a slight cloudiness. They noted that 

the precipitation was not due to the specific antigen-antibody reaction, 

but was due to the gro fth of bacteria during the incubation. Wadsworth 

(1903) also found that ^  pneumoniae and certain other bacteria grew 

more abundantly in sera obtained from pneumonia patients than in normal
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sera. Rosonow (ipo!)) and Longoope (I905) showed that the precipitation 

described by Benzancon and Wadsworth was not a direct result of the 

bacteria and bacterial debris present, as was previously proposed, but 

rather was due to the production of unusually large quantities of acid 

which precipitated serum protein during the incubation. Longeope noted 

that this phenomenon could be found in sera from patients with pneumo- 

cococcal or streptococcal infections and acute articular rheumatism. He 

concluded that "there is some substance which makes its appearance in 

the blood stream under certain conditions and from which the pneumo

cocci are capable of forming large quantities of acid." Since it is 

now well known that the serum glycoprotein level rises in various di

sease states, one may speculate that Longeope may have observed an ele

vation of glycoprotein in pathological sera.

Friedmann and Sutliff (1939) compared the lactic acid production of 

pneumococci in pneumococcal antisera and in normal sera. They found 

that the production of lactic acid in normal sera could be accounted for 

entirely by the free blood sugar consumed by the organism, and that the 

growth of the organism appeared to stop when the free blood sugar was 

exhausted. In pathological sera, they found that the gorwth continued 

at an apparently undiminished rate after the free blood sugar had been 

consumed. They also noted that the quantities of lactic acid produced 

in pathological sera were always greater than could be obtained from the 

free blood sugar. The production of acid paralleled the consumption of 

protein-bound polysaccharide in pathological sera. These results caused 

then to conclude that the phenomenon resulted from the presence of a
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large quantity of protein-bound polysaccharide which supported the rapid 

growth of the organisa.

The Discovery of Receptor Destroying 

Ebxyne (R.D.E,)

Around 19&0 many workers showed that Influenza virus multiplied 

freely in the cells lining the amnlotic and allantoic cavities of the 

chick-embryo. From the infected cells, large amounts of virus were 

liberated into the fluid, providing a very convenient source of virus 

for experimental work. Hirst (I9&I) observed that contamination of 

virus infected allantoic fluid with chick-embryo blood produced firmly 

agglutinated erythrocytes. Later, Hirst (19&2A) found that washed red 

cells from stature chickens were also agglutinated by fluids which con

tained virus, and he developed this hesmgglutination reaction into an 

accurate swthod of titrating Influenza virus. Hirst (19À2B) further 

deawnstrated that Influenza virus was finely adsorbed to chicken red 

cells at h C. and remained in the adsorbed state as long as 26 hours.

When the temperature was raised to 37**C., spontaneous release of virus 

from the red cells vas observed. Once the red cell reacted with virus, 

it could not be agglutinated again, but the reacting v i m s  remained un

changed. The eluted virus particles retained their infectivity and 

their capacity to interact with red blood cells and were indistinguish

able from fresh vims. Their agglutination of new rod cells and release 

subsequent occured as before. Hirst recognized that this phenomenon 

presented the essential element of an enzyme action. The v i m s  by some 

means functioned as an enzyme which destroyed some cell surface components
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or "receptor**, to which the viru* particle* were adsorbed. The virus 

itself was not changed in the process. It %ms believed at that time

that* (1) viruses were simple nucleoproteins, (2) a virus itself did

not have an independent metabolism, and, (3) the metabolic pathways of 

viruses were entirely derived from the host cell. Therefore, Hirst 

first postulated that the actual enzyme activity was not associated 

with the virus particle itself, but was due tu the contamination of 

virus with host cell material. However, he was not able to show any 

receptor destroying activity in allantoic fluid fre-Kl of virus parti

cles. This indicated that the enzyme activity was actually associated 

%rlth virus parcicles. Influenza A, Influenza B, Akimps, Newcastle di

sease of fowls and Fowl plague produce the hemagglutination described

by Hirst (Burnett, 1952),

Burnett and Stone (19&7) obtained a soluble exoenzyme from the cul

ture filtrate of Vibrio choleras and Clostridium welchii which ap

parently caused irreversible changes of the receptor substance of red 

blood cells sireilar to that caused by Influenza virus.

Briody (1948) found that heating Influenza virus at 55°C. for 30 

minutes destroyed the effect of the virus on receptors but left un

altered its capacity to produce hemagglutination. The virus which re

tains its full agglutination properties but has lost the capacity to 

destroy the cell receptor and be subsequently eluted from the red cell 

is known as an "indicator virus". It is now understood that such pre

parations have lost their enzymatic activity.

The discovery of the bacterial receptor destroying enzyme and
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indicator virus supported Hirst's explanation of hemagglutination by 

virus as an enzyme action. The product liberated by receptor de

stroying enzymes vas later found to be neuraminic acid and the name 

neuraminidase was given by Gottschalk to any enzyme with receptor 

destroying power. Neuraminidase is a carbohydrase which splits off 

the terminal neuraminic acid from the non-reducing end of disaccharidos, 

oligosaccharides and polysaccharides (Gottschalk, 1957).

After Hirst’s discovery of the receptor destroying properties of 

Influenza virus, many efforts were made to isolate "receptor" sub

stance directly from red blood colls, but thus far no one has isolated 

a homogeneous substance from this source which will serve as a sub

strate for the enzyme. The realization that glycoprotein serves as a 

substrate of neuraminidase evolved gradually. Hirst (19^8) first re

ported that periodate destroyed the receptor site of the red blood 

cell and suggested that the receptor may be a mucoid substance.

Later many workers (lanni and Beard, 19 1̂8; Anderson, I9Ü8; Gott-' 

Schalk and Lind, 19^9? Burnett, 19^2) found that a variety of mucoids, 

erythrocyte mucopolysaccharide, ovarian cyst mucin, serum glycoprotein, 

and sheep submaxillary mucoprotein inhibited hemagglutination by heat- 

inactivated Influenza virus. The inhibitory capacity of these mucoids 

was 1 .St upon treatment with living (infective) virus or receptor de

stroying enzyme from bacterial sources. These results suggested that 

the mucoid or glycoprotein and the receptor site compete for the virus; 

this would provide a mechanism for the observed inhibition of hemaggluti

nation. Ihe soluble inhibitory mucoids wore visualized as chemical
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analogues of the cellular receptor. It is presently well established 

that sialoproteins (glycoproteins containing sialic acid at the non

reducing end) will serve as substrates for receptor destroying enzymes. 

The receptor is now considered to be bound sialic acid.

The discovery of receptor destroying enzymes facilitated the dis

covery of neuraminic acid and its specific localization in various 

glycoproteins. Usually new enzymes have been discovered using known 

substrates. In the case of neuraminidase, the change in the henaggluti- 

native property of rod cells after reaction with virus was initially 

the only evidence suggesting the presence of an enzyme action. There

fore, investigators were encouraged to study the changes of the physio- 

chemical properties of receptor destroying enzyme treated red blood 

cells.

Hanging (15>I(8 ) and Stone and Ada (I950) were able to show changes 

in the mobilities of red blood cells in an electric field after treat

ment with enzyme. They suggested that the electrophoretic mobility of 

the neuraminidase treated red blood cell was markedly reduced because of 

some highly charged group. Perlman, Tamm and Horsfall (1952) treated a 

urinary mucoprotein which had inhibitory activity with active Influenza 

virus and observed a 20% reduction in its electrophoretic mobility at 

pH 6 .8 . Chrtain and I^e (1955) showed that the receptor destroying en

zyme of Vibrio choleras reduced the electrophoretic mobility of several 

mucoproteins which are inhibitors of Influenza virus hemagglutination. 

I^e (1955) proposed that this property be utilized for the assay of the 

inhibitor content of mucin.



9

Klonk et al̂ . (1955) isolated and crystallized the substance re

leased from urinary mucoprotein by Influenza virus and showed that it 

was identical to the N-acetylneuraminic acid which he obtained from 

the same mucoprotein by acid hydrolysis. From Hirst's discovery in 

192*2 of enzyme activity in a virus to Klenk's isolation of crystalline 

neuraminic acid from an incubation mixture of mucoprotein and Influenza 

virus, it took thirteen years to identify the substrate and hydrolysis 

products of this enzyme. Later, klenk and Uhlenbruck (1958) again 

isolated and crystallized neuraminic acid after incubation of erythro

cyte stroma with receptor destroying enzymes.

Heimer and Meyer (1956) reported that pneumococcal extracts con

tained neuraminidase activity which hydrolyzed sialic acid from bovine 

submaxillary mucin,

Schultze and Schwick (1957) incubated serum with filtrates of 

Cholera vibrio and Clostridium perfringens toxin and found a reduction 

of the electrophoretic mobility of ^  ̂ -globulin, <9( 2"™acroglobulin and 

transferrin as indicated by imnunoelactrophoresis. Poponoe and Drews 

(1957) postulated that this effect was due to the receptor destroying 

enzyme which hydrolyzed neuraminic acid from protein bound polysaccha

ride and decreased the electrophoretic mobility. Laurell (I959) also 

found that incubation of human sera with pneumoniae. Streptococcus 

pyogenes and Pastaurella pseudotuberculosis the electrophoretic mobility 

of some of the cX- and ^-globulins was reduced. They concluded 

that the organisms produced neuraminidase which hydrolyzed neuraminic 

acid from serum glycoprotein with the result that to decrease the
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electrophoretic mobility of different serum fractions.

Neuraminidase from Influenza virus has been partially purified by 

Myron et al. (196I) by treatment of a virus or vaccine with trypsin to 

resiove the resnluder of the virus particle. Ada and French (I96I) suc

ceeded In crystallizing neuraminidase from a culture filtrate of Vibrio 

choleras, using a procedure which employed methanol fractionation, ad

sorption and elution from human red cells, fractionation with ammonium 

sulfate and chromatography on columns of hydroxyl apatite.

Studies Dealing with the Structure 

of Glycoproteins 

While the isolation of glycoprotein from different sources have 

made a comparable progress, structural studies on glycoproteins have 

been initiated only recently.

According to the Physiological Society and American Society of 

Biochemists, the carbohydrate-rich proteins of plasma are included in 

the sub-classification, glycoprotein, under the general class of con

jugated proteins. Glycoproteins arc, by this definition, "compounds of 

the protein molecule with a substance or substances containing a carbo

hydrate group other than nucleic acid", (Committee on Protein Nomen

clature, 1908). In the glycoprotein molecule, the polypeptide chain 

and the carbohydrate chains are linked through stable chemical bonding. 

Carbohydrates in the glycoprotein can not be separated from the protein 

without drastic treatment with acid or alkali.

Oir knowledge of the nature of the bonds linking the carbohydrate 

and protein is still in a primitive state. The difficulty experienced
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in studies to determine the linkage between amino acid and carbohydrate 

may be explained by the following quotation (Gottschalk £t £l., I962): 

"Throughout the animate world, nature adheres strictly to the glyco- 

sidic typo linkage when joining sugar to sugar, and to the amide type 

of juncture when adding amino acid to amino acid. Vet, in the attachl 

mont of carbohydrates to peptide almost any of the functional groups of 

the latter may bo involved, resulting in a variety of modes of linkage".

For a complete understanding of the structure of the carbohydrate 

moiety of glycoproteins, the following information is necessary! (1) 

the composition and sequence of the monosaccharides in the carbohydrate 

chain, (2) the amino acid residue linked to the carbohydrate chain,

(31 the monosaccharide residue linked to the polypeptide chain, and,

(i) the type of bonding between amino acid and monosaccharide.

The carbohydrate composition of various glycoproteins is fairly 

well established due to the rapid developemont of analytical methods 

for various carbohydrates. Ebcamples of the carbohydrate composition of 

some well studied serum glycoproteins may be foxmd in Table I (Stary,

1959).

For the elucidation of the amino acid residue which is linked to 

the carbohydrate chain, preparation of small glycopeptides by slightly 

selectively hydrolyzing the protein moiety by proteolytic enzymes which 

do not alter the carbohydrate chain appears to be the best approach. 

There is a wide variety of proteolytic enzymes available from different 

sources to serve this purpose. However, enzymes which cleave the carbo- 

hydrate-protein bond and leave the polypeptide portion unchanged are not



TABLE I

1 2 3 ■ i ■ 5 - è

Oroso Msore- Cerulo Hapto Y Fetuin
mucoid globulin plasmin globin II \

Molecular total . hkfOoo 8 4 8 ,0 0 0 150,000 85,000 160,000 45,000
Weight polypeptidlc part . 26,500 780,000 138,000 not det. 155,000 3 3 ,0 0 0

carbohydrate part . 17.500 68.000 12.000 not det. 4.960 12.000

Carbohydrate total............ &1 8 .4 7 .7 3 .1 26.3
in percent galactose........ 10.0 1.8 2.0 0 .4 0.0

mannose......« . .. 5 .0 1.8 1.0 0 .7 9.5
hexosamine*...... 1 3 .3 2 .9 2 .3 6 .7 1 .3 9.4
sialic acid*..... 12.h 1.8 2 .4 not det. 0 .3 7 .4
fucose........... 0.8 0.12 0.18 not det. 0 .3 not det.
hexuronlc acid... 0.& 0.1 not det. not det. 0.1 not det.

No. of carbo total.......... 77 237 56 24 754
hydrate resi galactose........ 22 85 16 3 -
dues per pro mannose......... 11 85 8 6 23
tein molecule hexosamine*...... 25 111 16 26 10 20

sialic acid*.... 17 99 14 not det. 1 .5 11
fucose........... 2 6 2 not det. 2.0 not dot.
hexuronic acid... 1 6 not det. not det. 1.0 not det.

M

*EKpres#ed as an acetylatod sugar
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available. Acid or alkali hydrolysis is not applicable because both 

peptide and glycosidic bonds will bo equally hydrolyzed. If one could 

find enzymes which preferentially hydrolyze the carbohydrate chain oi 

glycoprotein and leave the protein moiety intact, the question of what 

carbohydrate is adjacent to the polypeptide chain might be answered.

An effort to solve this problem is one of the main purposes of this 

dissertation.

To determine the type of likely linkages between amino acid and 

monosaccharide in glycoprotein, the best approach appears to be to iso

late the amino acid-sugar complexes from glycoprotein and compare these 

to ones prepared by organic synthesis. Though this goal appears diffi

cult to achieve at present, progress in this direction is to be expected 

in the future.

Up to the present time, the research concerning structural studies 

of glycoproteins has concentrated on the following proteins* f -globu

lin, ovalbumin, serum cX2"^cid glycoprotein (orosomucoid) and sub

maxillary gland glycoprotein. These are relatively easy to prepare in 

the purified state and their carbohydrate compositions have been well 

determined. Almost all the workers in this field have utilized proteo

lytic enzymes to degrade the polypeptide part of the glycoprotein, then 

isolated the carbohydrate rich peptides from the enzyme hydrolysate and 

attempted to characterize the amino acid-sugar linkage of glycopeptide.

Sequential Studies on Carbohydrate 

Chain in Glycoprotein

Few publications are found in the literature concerning the studies
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of carbohydrate sequence in glycoproteins. Wineler (1958) found that 

partial acid hydrolysis of orososmicoid with 0 .0 0 1 S HCl liberated 

sialic acid; hydrochloric acid at 0.0025 K liberated a ssmll amount 

of galactose; whereas, at 0 .0 0 5 N and 0 .0 1 N both galactose and fucose 

were liberated. In order to liberate mannose and glucosamine, higher 

concentrations of hydrochloric acid were required. These findings 

suggested that sialic acid occupied the terminal position of the car

bohydrate chains and had adjacent to it galactose and then fucose. 

Mannose and glucosaailne apparently occupied an interior position in the 

carbohydrate chain.

Spiro (1962) determined the order of monosaccharide release from 

fetuin during both graded acid hydrolysis and selective ensymatic 

cleavage using several glycosidases, and concluded that sialic acid 

occupies the terminal positions in the carbohydrate units and that 

galactose is the sugar next in sequence. Some of the hexosamine resi

dues are attached to the galactose, whereas the remainder of the 

hexosamine residues and mannose are located more interiorally. %rlar 

and JeanloB (I962) utilized periodate oxidation of the q( ̂ -acid glyco

protein, and arrived at similar conclusions to those described by 

Vinzler (1958). It seems rather generally accepted that sialic acid 

always occupies the terminal position and that galactose is always 

next to sialic acid in serum glycoproteins. Mannose and glucosamine 

are in the interior portion of the carbohydrate chain.
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Structural Studies on Glycoprotein 

in \-Globulin

Rosevear and Saith (1953, 196I) digeated human ^-globulin with 

papain. By employing procedures of ion exchange chromatography, ethanol 

precipitation and starch column electrophoresis, they isolated three 

very similar glycopeptides, with an average molecular weight of less 

than 5000. The evidence strongly suggested that two of these glyco

peptides were derived from the third and supported the view that there 

was a single type of prosthetic carbohydrate unit bound by an ester or 

amide linkage to the -carboxyl group of aspartic acid. They sug

gested that the glycopeptide had the structure of Asp.(NH2). Tyr. Glu. 

Asp. (CHO). The molar ratio of the carbohydrate moiety was 3 galactosq 

5 mannose, 2 fucose, 8 glucosamine and 1 sialic acid. These ratios 

correspond reasonably well to the molar ratios of carbohydrates in the 

original 'jf-globulin. After exhaustive treatment of the glycopeptides 

with aminopeptidase and carboxypeptidase, a fraction was obtained which, 

upon hydrolysis with 6 N hydrochloric acid, contained only aspartic acid 

as a major amino acid component. This result strongly suggested that 

the linkage between carbohydrate and protein was through the terminal 

carboxyl group of aspartic acid.

Later, Nolan and asith (I962) digested rabbit and bovine j-globu

lin with papain and isolated glycopeptides from the papain hydrolysate. 

They were also able to show that in their glycopeptides aspartic acid 

was always attached to the carbohydrate. Jevons (1958) digested egg 

albumin with pancreatic protease and removed the free amino acids in
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the digest with a Dowex-50 column. The carbohydrate rich fraction ob

tained by subsequent paper electrophoresis was shown to be a glycopeptide 

containing aspartic acid, leucine, glucosamine and mannose in a molar 

ratio of 1%1;2;&. Reaction of the glycopeptide with flurodinitro- 

benzene showed that the amine group of the aspartic acid was free and 

he concluded that the aspaz^ic acid was linked through the carboxyl 

group to glucosamine.

Structural Studies on Ovalbumin 

Johansen, Marshall and Neuberger (1958), subjected crystalline 

ovalbumin to various types of proteolytic digestion and purified the 

glycopeptide by Celite column chromatography and column electrophoresis. 

They obtained a glycopeptide with the sequence of Asp.-(carbohydrate)- 

Leu.-Ser.-Thr, The carbohydrates consisted of 5 mannose and 3 N-acetyl- 

glucosamine residues. Upon treatment of the glycopeptide with carboxy

peptidase, leucine, serine and threonine were liberated and the re

maining carbohydrate fragment still contained 1 mole of aspartic acid, 

suggesting that aspartic acid is linked to carbohydrate,

Cunningham, Neunke and Neunke (I952) and Neunke and Cunningham

(I96I) isolated a glycopeptide from ovalbumin digested with trypsin 

and cymotrypsin. The sequence of the glycoeptide was found to be 

Tyr.-Asp.-Leu.-Thr.-Ser. They were able to remove all of the amino 

acids except aspartic acid from the glycopeptide by carboxypeptidase.

This achievement again suggested a carbohydrate to aspartic acid linkage. 

The authors further found that the amino group of aspartic acid was not 

substituted and that, upon mild acid treatment, one mole of ammonia per
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molo of alycopoptide was liberated. Treatment of glycopeptido with

hydroxylamine failed to separate the carbohydrate from the peptide,

indicating that the linkage was not ester-like. From these date, an

aspartyl glycosaylamine structure, analogous to glycinamide ribotido

was tentatively proposed, (Figure A).

CH2OH H H H CH2CH NH K K
K -------0 ,N-OC-C-COOH H j— ---- 0 O-b-C-C-COOIi

\  /  V, /  I I  I  I  .  / '  \  /  .  »/K \ /  O H NH2 \/H y  H NH2
OB'" \  ŒÎ H / H

(Figure B)

I

n NHAc 

(Figure A)

Marks and Neuberger (I96I) synthesized N-(L-^-aspartyl)--I>- 

glucopyranosylamine and N-(L-^aspartyl)-/3-D-glucosamine to compare 

with derivatives obtained from egg albumin.

Bogdanov, Kaverzenva and Anderojeva (I962) succeeded in isolating 

the polysiccharide-aspartic acid fragment by short term acid hydrolysis. 

The polysaccharide-aspartic acid complex was free from nannose and con

tained only aspartic acid and glucosamine in equimolar quantities. The 

complex contained excessive amounts of nitrogen and an aldehyde group 

could not be demonstrated by qualitative chemical tests. They in

terpreted these results as evidence that the structure of the glucos

amine-aspartic acid complex was similar to the one suggested by Neunke 

and Cunningham (196I),

Yamashina and &bkino (I962) digested ovalbumin with Streptomyces 

griseus protease and isolated a polysaccharide-amino acid complex. The 

complex was composed of aspartic acid, ammonia, N-acetylglucosamine and 

mannose in the ratio of 1*1*3*$. Only aspartic acid was present in the
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complex. Indicating that aspartic acid must be involved in the linkage 

with carbohydrate. By partial acid hydrolysis, they were able to detect 

asparaginyl-glucosaaine by paper electrophoresis. They found this com

pound was more sensitive towards alkali than towards acid. However, 

O-glycosylamine (N-phenyl-N-acotyl-2-aaino-2-deoxy-glucosylanine) was 

very easily hydrolyzed by acid; on the other hand, the reduced glycosyl- 

aaine was quite resistant to acid hydrolysis. From these results, the 

authors concluded that the complex did not have the exact glycosylaaine 

type linkage proposed by Neunke and Cunningham and suggested an inlno 

ether (imidic acid ester or imido ester) type linkage between aspartic 

acid and glucosamine. (Figure B, Isuml, K. 1962).

Structural Studies on Orosoaucoid 

Vlnzler (1958) found that hexosamlne was more slowly liberated 

during acid hydrolysis than other carbohydrate components of oroso- 

asucoid, suggesting that hezosamine might be linked with protein.

Similar to the structural studies of various glycoproteins mentioned 

above, many workers have tried to isolate the carbohydrate rich glyco- 

peptide from orosomucoid following proteolytic digestion. However, 

orosomucoid is resistant to the action of proteolytic enzymes, due to 

the presence of sialic acid in the terminal position of the carbohydrate 

chain, although it can be easily digested by proteolytic enzyme after 

removal of sialic acid (Yamashina, 1956; Popenoe and Drew, 1957; Schmid, 

1959)' Several reports concerning isolation and purification of carbo

hydrate rich glycopeptides from proteolytic digestion of orosomucoid 

have appeared (Wenfeld and Tunis, I96I; Kamiyama and Schmid, I96I;
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iBuml, Makino and Yanaahina, I96I). The amino acids found in the 

Olycopeptide vare invariably aspartic acid, threonine and serine.

By prolonged and repeated digestion of sialic acid-free oroso

mucoid vith Streptomyce# griseus protease, Isuni, Mskino and Yamashina 

(1962) were able to isolate a homogeneous glycopeptido having a molecular 

weight of 28CK). The complex contained glucosamine, hexoses and fucose 

in a similar molar ratio to that contained in the parent glycoprotein. 

Aapartic acid and threonine were found to be separately bound to the 

oligosaccharide of the complex.

By an approach similar to that of Isumi et al. (I962), Bylar

(1962) isolated a glycopeptido fraction whose sole amino acid was as

paragine, based on his finding that the glycopeptido yielded one nolo 

of NE[g por mole of aspartic acid. Prom the fact that hydrolysis of 

DNP-glycopeptide gave DKI^aspartic acid and aspartic acid was not re

leased from the glycopeptido by leucine aminopeptidase, the author 

postulated the presence of an aspartyl-glycosylaatine linkage in this 

glycoprotein, as had previously been proposed by Johansen et al, (I96I) 

for ovalbumin.

Structural Studies Concerning Bovine 

Submaxillary Glycoprotein 

In studying the composition and structure of submaxillary gland 

glycoprotein, Graham and Gottschalk (i960) found that heating bovine 

submaxillary glycoprotein at 8o°C. and pH 10.6 , produced a 90% yield of 

a dialyzable disaccharide. The structure of this disaccharide was proven 

to be c< -D-N-acetylneurominyl (2,6 ) N-acetylgalactosamine. The
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carbohydrate of bovine subuxillary gland glycoprotein consists almost 

exclusively of equimolar amounts of N>8cetyln«niraminic acid and K- 

acetylgalactosamlne. N-acetylnouraminic acid always occupies the termi

nal position as indicated by its complete removal by neuraminidase from 

Vibrio choleras (Graham and Gottschalk, i960). Murphy and Gottschalk 

(I96IA) reacted bovine submaxillai-y glycoprotein with ULBH4 in tetre- 

hydrofuran; at the end of reaction, the boron-intermediate complex 

formed was decomposed according to the following equations 

2RC0 .0R* ♦ LiBHjj > Li (R GH2 0)2B(0R*>2

HCL V 
3OH3OH 2RCH2OB + 2R'(m

They found the reduction of approximately 88% of the total dicarboxylic 

amino acid residues of the glycoprotein and release of unreduced di

saccharide. For bovine submaxillary gland glycoprotein, reduction of 

80% of the total dicarboxylic asd.no acid and 81% of the intact disaccha

ride were obtained (Mhrphy and Gottschalk, I96I). From these results, 

they concluded that the majority of the disaccharide of suboaxillairy 

gland glycoprotein is joined through a glycosidic-ester linkage to the 

p  -carboxyl group of aspartyl and \ -carboxyl group of glutamyl resi

dues respectively. A minor portion of this disaccharide was considered 

to be linked by an 0-glycosidic bond to serine or threonine.

Structural Studies on Miscellaneous 

Glycoproteins

Masaaiune (1955) studied the blood group substances obtained from 

pig stomach mucus and provided evidence two types of carbohydrate-amino 

acid bonds. He suggested that one is an ether linkage between the
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hydroxyl group of serine and a hydroxyl group of glucosamine or ga

lactose, and the ether is a N-glycosidic linkage between the free 

amino group of a terminal aspartic acid and the reducing groan of 

acetylglucosamine. Tsugita anrf Akabori (1959) digeited crystalline 

Taka-amylase A with Streptomyces griseus protease. They isolated a 

glycopeptido by Dowex $0 resin chromatography and concluded that 

mannose was linked to the hydroxyl group of serine in the glycopeptido.

Bacterial cell wall substances. It is well established that 

bacterial cell walls contain lipid, polysaccharide, amino sugars and 

amino acid complexes. The cell walls of Gram-positive microorganisms 

apparently contain compounds of simpler structures than do Gram-nega

tive siicroorganisas. They invariably contain IValanine, D-glutamic 

acid and either lysine or diaminopimelic acid. They also contain N- 

acetylgucosamine, and N-acetylmuramlc acid and phosphate ester. 

Strominger (i960) was able to establish that in Staphylococcus aureus, 

the Biolar ratio is as follows: acetylauramic acid, 1; D-glutamic acid,

1; L-lyaine, 1 ; D-alanine, 2 ; L-alanine, 1; acetylglucosamine, 2; and 

glycine, i or 5 . Phosphorous is slightly larger than 1 . He suggested 

that the cell wall may be composed of a repeating unit containing the 

above constituents and which is polymerized in an undetermined manner.

ftirk (1952) isolated three different compounds from penicillin 

treated Staphylococcus aureus and shoved one of them was UDP-acetyl- 

glucosaminelactyl-alanine} in this amino acid sugar complex, lactic 

acid serves as the bridge between carbohydrate and amino acid.
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.Irmctrong, Baddiley, Buchanan, Caras and Greenberg (1958) shoved 

that cell walls of GraD-positive bacteria contain polymers of ribitol 

phosphate, called telehoic acids. They were able to show that the tei- 

choic acids isolated from Lactobacillus arabinosus and Bacillus subtills 

contain glucosyl residues jointed to ribitol and D-alanyl groups 

probably linked to the glucose (Figure C). In the teichoic acid from 

Staphylococcus aureus H, a N-acylglucosaminyl residue is present in 

place of glucose (Figure D).

O-Alanyl-glucosyl-ribitol

OI^OH1(Figure C) 

0-alanyl-N-acyl-glucosaminyl-ribitol
I

O»P-0HI(Figure D) ^

Oiuysen (1 9 6 1) isolated a disacchorido-peptido complex from the 

cell walls of Micrococcus lysodeikticus. He was able to show that the 

fragment 6-0-y5-N-acetylglucosaminyl-N-acetylmuraminyl is Joined to a 

peptide moiety consisting of 2 alanine, 1 glycine, 1 glutamic acid and
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1 lysine by an amide bond between the carboxyl group of N-acetylieuramie 

acid and the amino group of one of the alanine residues of the peptides.

Hochstreber (I96I) Isolated a ninhydrln positive substance from a 

formic acid hydrolysate of barley albusiln treated with trypsin* He was 

able to prove that the structure of this compound was &-L-alanyl-D»Xylo- 

pyranose.



CHAPTER III

MATERIALS AND METHODS

>'.lcroorflanl3ins Tested for the Ability 

to Hydrolyze Glycoproteins 

The following microorganisms were screened for their ability to 

hydrolyze glycoproteins: Bacillus subtilis. Bacillus megatherium.

Corynebacterium diphtheriae, Corynebacterium bovis, Clostridium per- 

fringena. Diplococcus pneumoniae 612, Escherichia coli. Neisseria 

gonorrhoeae. Proteus vulgaris. Pseudomonas aorgineosa. Staphylococcus 

aureus. Streptococcus faccalis. Vibrio cholerae. Bacteriophage 0X 17&, 

Influenza virus and Rous sarcoma virus. These microorganisms were 

obtained through the help of Dr. Florene Kelly, Department of Micro

biology, University of Oklahoma Medical School and partly from the 

American Type Culture Collection, with the exceptions of Streptococcus 

faecalis. Bacteriophage /X 17^, Influenza virus and Rous Sarcoma virus. 

Streptococcus faecalis was a gift of Dr, John R. Solcatch, Department of 

Microbiology, University of Oklahoma Medical School; Bacteriophage 

fX 17^ was kindly provided by Mr. Bernard Bowman, Department of >'dcro- 

biology. University of Oklahoma Medical School; Influenza virus and 

Rous Sarcoma virus were gifts of Dr. L. Vernon Scott, Department of 

Microbiology, University of Oklahoma Medical School.

zh
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Tho following screening procedure was performed in an effort to 
find microorganisms which would utilize or degrade the protein-bound 
hexoses of serum glycoproccin: pooled human, rot or bovine sera were 
sterilized by filtering through a Seitz filter. Two ml. of the serum 
was transferred to a sterile test tube and inoculated with tho micro
organism to be tested. Duplicate tubes were prepared for incubations 
of 12, 2h and hours at 37°C. A control serum seated in all respects 
except not inoculated with organism was incubated in the same manner. 
Sometimes 0.1 ml. of washed bacteria (approximately 2 x 10^® colls) were 
added directly to the serum samples. Following tho incubation, the 
bacterial cells were removed by centrifugation and an aliquot taken for 
some determination of protein-bound hexoses by the tryptophan-sulfuric 
acid method as described by Shotlar £t al.. (IpiiS).

From the results of screening, as will be discussed in Chapter V 
of this dissertation, it was found that Diplococcus pneumoniae 6l2 signifi
cantly was able to cause a decrease of serum protein-bound hexosc.
Neisseria gonorrhoeae is delicate and thus difficult to cultivate; there
fore, Diplococcus pneumoniae 6l2 was chosen for extensive study. This 
organism was reported to be Typo VI by tho United States Public Health 
Service, Communicable Disease Center, Atlanta, Georgia.

Maintenance of the organism. The organism was maintained in the 
frozen stock by the following procedure: the organism from a blood

agar slant was suspended in skimmed milk to make a heavy suspension, 
then quick-frozen by means of dry-ice and acetone and stored at -20°C. 
in tho deep freezer. Viability was malnatined after three years of keep.
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y.oiiia and cultivation of organism» For the production of pnoumo- 

cococcal cells in largo quantity, the organism was first transferred 
from tho stock culture to a blood agar slant. After growing, the cells 
were transferred to 20 ml. of trypticase soy broth containing 10% human 
plasma and incubated at 37°C. for 8 hours. A large volume of medium 
was inoculated with the 8 hour culture at a culture medium ratio of 
1:10. Tho inoculum was used if microscopic examination shov/ed only 
Gram-positive diplococci and a blood agar smear revealed exclusively 
the characteristic glistening, pinpoint, grey colonies. Incubation 
was carried out at 37^C. and as soon as the growth reached the station
ary phase (usually 16-20 hours) tho cells were harvested by using a 
Sharpie centrifuge or a Servall P.C2 centrifuge with a continuous flow 
system. The bacterial cells were washed three times with 0.85% NaCl 
solution to remove the contaminated nutrients and lyophilized. The 
lyophilized cells were stored at -20°C. until used.

Preparation of cell-free extract. About 1 gm. of dried cells were 
suspended in 50 ml. of 0.02 M phosphate buffer, pH 6.6 , containing 0.08% 

NaCl and subjected to sonic disintegration for 30 minutes with a Ray
theon, magnetostrictive oscillator (250 Watt, 10 kc) or a Dronwill-
Blackstone Biosonic Ultrasonic Probe. After centrifuging at 10,000 xg

I ofor 10 minutes at 4 C. in order to remove cell debris, the precipitate 
vas discarded and tho cell-free extract dialyzed against phosphate 

buffer for 6 hours with constant stirring and vith several changes of 
buffer to remove endogeneous dialyzablo nutrients. The dialyzed, cell- 
free extract was used as the enzyme source.
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Substrates Used

Normal and Pathological Sera 

Normal human sera were obtained shortly before use from healthy 
individuals and from patients with cancer and rheumatoid arthritis.
Rat serum was collected by cardiac puncture, following ether anes
thesia. Rabbit serum was obtained by cardiac puncture, following intra- 

peritonoal injection of sodium pentobarbital (norabutal). Bovine sera 
were obtained from beef blood which was purchased from a local slaughter
house.

Preparation of Radioactive Serum 
Glucosaraine-l-C-l^J was injected intraperitoneally into rats 

(2Û0-300 gms, 20 ;uc each) or rabbits (1.3-1.7 kg, 6o m c  each). Blood 
was obtained by cardiac puncture 3 hours following injection for the 
rats and 6 hours for the rabbits.

Glycoproteins

1. Cohn fraction VI. Both human and bovine glycoproteins (Cohn 
fraction VI) were purchased from Pentex Inc., Illinois.

2. Seromucoid. Seromucoids from various animals were prepared 
according to the method of Goa (i960) with slight modification. One 
volume of serum was diluted with one volume of 0.9% NaCl. Serum pro

tein other than seromucoid was then precipitated by the addition of 
two volumes of 1 M perchloric acid. The precipitate was immediately 
filtered. The filtrate subjected to exhaustive dialysis was then
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lyophilized.

3 . OrosoBucoids. Hunan and bovine ^-acid glycoprotein 

(orosomucoid) were prepared from corresponding Cohn fraction VI, by 

using carbosynethyl cellulose column chromatography according to the 

method described by Bezkorovainy and Winzler (lp6l).

h. Bovine submaxillary gland glycoprotein. This glycoprotein 

was obtained from Wilson & Co., Inc., Chicago, Illinois.

5 . Neuramin-lactose was a gift from Dr. Raul E. Trucco.

6, Ovomucoid was purchased from Mann Research Laboratories,

New York.

Chemicals

1 . N-acetylneuraminic acid was synthesized according to the 

method of Conforth, Pirth and Gottschalk (1958), and also purchased 

from California Corporation for Biochemical Research, Los Angeles, 

California.

2 . O-Nitrophenyl p-D-galactopyranoside was purchased from the 

Sigma Chemical Company, St. Louis, Missouri.

3 . p-Nitrophenyl-N-acetyl- |3 -D-glucosaminide was a kind gift of 

Dr. P. G. Walker, Department of Biochemistry, Institute of Orthopaedics, 

Royal National Orthopaedic Hospital, Stanmore, Middlesex, England.

Chemical Analysis

Determination of Bound Hexose

Quantitative determination of protein-bound hexoses was performed
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by the tryptophan-sulfuric acid method of Shetlar, Foster and Everett 

(1 9 5 8). An equimolar mixture of galactose and mannose was used as a 

standard.

Hexosamlne Determination 

Total hexosamlne was determined by the method of Boas (1953). 

employing dsoD and >!organ*s acetylacotone reagent and Ehrlich's re

agent (2.67% p-dlmethyl aminobenzaldéhyde in iJl mixture of absolute 

ethanol and concentrated hydrochloric acid) after removal of inter

fering substances (largely amino acids) by Dowex fJO resin. Glucos

amine hydrochloride was used as a standard.

Glucosamine and Galactosamine Determination 

Glucosamine and galactosamine can be easily separated and quanti

tatively determined by the Beckman, Amino Acid Analyzer, using the 

short column technique as described by Spackman, Stein and Moore (I9 5 8). 

The type I5A resin which size is approximately 25-30 yU used in this 

column was purchased from Beckman Spinco Co. Citrate buffer containing 

0.2 N sodium ion, pH 5.28, is automatically controlled at 30 ml. per 

hour. The temperature of this column is maintained at 50°C. Glucos

amine and galactosamine peaks always appear before the lysine peak in 

about 60 minutes. The glucosamine peak precedes the galactosamine peak 

by 10 minutes.

N-acetylglucosamine Determinations 

Free N-acetylglucosamine was determined by the Morgan-Elson
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reaction as modified by Lelsslg, Stromlnger and Lelolr (1955).

Fucose Deteznolnatlons 

Winrler's modification (195&) of Dische and Shuttle's (1958) 

cysteine-sulfuric acid method was used for the determination of pro

tein-bound fucose.

Sialic Acid Determinations 

Sevennerholm*s (1957) resorclnol-hydrochloric acid method was 

used for the determination of protein-bound sialic acid. Free sialic 

acid was determined by the thiobarbituric acid method of Warren (1959)*

Total Protein Determinations 

Total protein was determined by the biuret method or by using 

Folin's phenol reagent as described by Lowry £t al. (1951). Lab-Trol 

of Dade reagents. Inc.. Miami. Florida, was used as a standard.

Amino Acid Analyses 

The protein samples were hydrolyzed with 6 .0  N HCl in sealed, 

thick-wall tubes at llO^C. for 22 hours. Quantitative determinations 

of asd.no acids were carried out by Beckisan Automatic Amino Acid Analyzer 

as described by l^>aekmem. Stein and Moore (1958).

Electrophoretic Studies 

ftpor-strip electrophoresis techniques, as previously described 

by Shetlar al. (1956). was carried out by using Spinco hanging strip 

electrophoresis calls. Three mm. filter paper was used for all work.
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Electrophoresis vms conducted at constant current, 5 milliamperes for 

8 strips, using barbital buffer, 0.075 M, pK 8 ,6 , at approximately 

25°C, for 16 hours. Eight microliters for protein and 30 microliters 

for glycoprotein were made of each serum sample. For estimation of 

protein, the strips were developed with bromophenol blue. For glyco

protein studies, the strips were subjected to the periodic acid Schlff 

reaction, modified from the method of Koiw and Gronwall (1952). The 

protein strips were quantitated with Spinco Analytrol Model RB, using 

500 mu interference filters. The glycoprotein strips were similarly 

evaluated with the same instrument with 550 mp interference filters.

The total area under the protein curve was equated to the serum protein 

as determined by the biuret reaction, and the area under the glyco

protein curve was similarly made equal to the total serum glycoprotein 

determined by the tryptophan-sulfuric acid method.

Chromatography of Sugars

Qualitative identification of neutral sugars was made by paper.. 

chromatography, using Whatman No. 1 filter paper and a solvent system 

containing butanol-pyridine-0.1 N HCl (5*3*2). Carbohydrates were de

tected by dipping the paper in o-amino-biphenyl, as described by Gordon, 

Thornburg and Werum (1956). The samples were demineralized by an elec

tric desalter (Research Specialties Co., Calif.) if necessary.

Glycoprotein or glycopeptido was prepared for chromatographic 

identiication of hexoses by an initial hydrolysis with 2.0 N HCl at 

100°C. for 18 hours in a tightly closed, screw-capped tubo. The
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hydrolysate vas mixed vith charcoal and filtered through V^hatman No. 5 

filter paper and the filtrate taken to dryness in a vacuum oven. The 

residue vas taken up in 1 ml. of vater and again taken to dryness.

After storing ^  vacuo, over soda lime, for 26 hours, the residue was 

dissolved in 0.1 ml. of 10% isopropanol in vater prior to chromatography.

For chromatographic studies of hexosamine, glycoprotein or glyco- 

peptide vas hydrolyzed vith 6 N HCl for 16 hours. The material vas 

then dissolved in 1.0 ml. of vater and passed through a column of 

Dovez 50 X 12 resin, in the hydrogen form. After vashing the column 

vith vater to remove neutral sugars, 0 .3  N HCl vas added to elute amino 

sugars and some amino acids. This latter solution vas taken to dryness 

and dissolved in 0 .1  ml, of vater prior to chromatography. The chroma

tograms vere developed in a pyridineiethyl acetateiwater (I1261O.8) 

system.

Ultracentrifugation 

Ultracentrifugation studies on the homogeneity of glycoproteins 

vere carried out by Spinco Model E analytical ultracentrifuge at 

59,780 rpm.



CHAPTER IV 

EXPERIMENTAL RESULTS

Preliminary Survey for Microoroanism which 

Will Depredate Serum Protein- 

Bound Hexose

As noted in Chapter II, some microorganisms (e.g., Influenza 

virus, Clostridium welchii. Vibrio cholerae) are able to produce 

neuraminidase and thus split off sialic acid from glycoproteins*

Prior to this work, however, no microorganism was known with certainty 

to have an ability to utilize hexoses and other bound carbohydrates of 

serum glycoprotein. The results of the preliminary survey are sum

marized in Table II. Among those organisms tested, only Diplococcus 

pneumoniae 612 and Neisseria gonorrhoeae wore shown to cause detectable 

decrease of the protein-bound hexoses in serum. The decrease was most 

prominent and consistent after incubation with D^ pneumoniae. Coryne

bacterium diphtheriae and Corynebacterium enzymlcum also caused some 

decreases in protein-bound hexose, but the results were not consistent.

After a 20 hour incubation of mammalian serum inoculated with D. 

pneumoniae, the pH decreased from 7 .& to 5 .5  and the observed turbidity 

was associated with a large quantity of pneumococcal cells detected by
33
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TABLE II

PER CHfT DBCREASB OF PRCTBIN-BOUND HEXOSE 
AFTER INCUBATION OF MICROORGANISMS 

WITH HUMAN SERA FOR 2^ HOURS

Mlcrooroanlssia Tested
% Decrease of 
Bound Hexoses

Bacillus subtilis 0

Bacillus taegateliun 0

Corynebacterium diphtheriae 0 -5

Corynebacterium enzymlcum 0-5

Corynebacterium bovis 0

Clostridium perlringens 0

Diplococcus pneumoniae 612 15-30

Escherichia coli 0

Neisseria gonorrhoeae 5-10

Proteus vulgaris 0

Pseudomonas aerugenosa 0

Staphylococcus aureus 0

Vibrio cholerae 0

Bacteriophage DX 17& 0

Influenza virus 0

Rous Sarcoma virus 0



35

microscopic «xmmination folloviag Gram-stsining of an aliquot. No tur

bidity L-as found in the control aarum sample (not inoculated %rith D. 

pneumoniae) under similar conditions. In contrast to pneumoniae, no 

appreciable grovth and less atriking pH changes (from to 6.6), 

could be found in the serum sample inoculated with Neisseria gonorrhoeae. 

Due to these observations and because of the difficulty of cultivating 

Neisseria gonorrhoeae. Diplococcus pneustonlae 612 was chosen for subse

quent studies.

Further Studies on the Degradation of Serum 

Glycoprotein by Diplococcus 

Aieumonlae 612

Degradation of Protein-Bound 

Hexose by Aieumococci 

Diplococcus pneumoniae 612 was used for further studies of the 

degradation of protein-bound hexose in normal and pathological human 

sera and rat and bovine sera. Table III presents the changes of pro

tein and protein-bound hexose of various sera after incubation with 

D. pneumoniae for 20 hours at 37°C. These data indicate that D. 

pneiuDoniae cause significant decreases of protein-bound hexose of 

human (both normal and pathological), rat and bovine sera. These sera 

with higher glycoprotein (cancer, arthritis and rat sera) show more 

striking decreases in bound hexoses after incubation with the organism.

D- pneumoniae also cause some decrease in total serum protein content, 

suggesting that the organism may have proteolytic activity. Fresh serum
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TABLE III

CHANGES OF SERUM PROTEIN AND GLYCOPROTEIN 
AFTER INCUBATION WITH DIPLOCOCCUS 

PNEUMONIAE 612

Conditions

Total Protein 
Gffl./lOO ml. 

Organism Control

Total Glycoprotein 
Mg./lOO ml. 

Organism Control

Human, Normal (&)♦ 6 .6 6 I.O7** 6.93t.08 99^3.1 117^3.5

Human, Carcino
matosis k.75 5.04 134 174

Human, Breast 
Cancer 7.12 7 .6 2 152 176

Human, Rheumatoid 
Arthritis 6.10 6,66 129 180

Human, Rheumatoid 
Arthritis 5.87 6 .1 9 158 182

Rat 5.ho 5 .6 5 l46 172

Bovine 6.46 7.13 130 151

♦Number of Cases 

♦♦Standard Error
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from soma individuals vas found to b« resistant to pneumococcal action; 

hovever, after beating this serum at 6o°C. for 1 hour. It could be 

degraded by ^  pnetimonjae. This suggests that the phenomenon may be 

due to Inhibitors, vhich may be proteins.

Electrophoretic Studies of Serum after 

Incubation with ^  pneumoniae 

After degradation of serum glycoprotein by ^  pneumoniae was 

demonstrated by chemical analysis, the glycoprotein changes in different 

serum fractions was Investigated. Paper strip electrophoresis of mam

malian serum samples indicated that pneumococcal effects were exerted 

largely on the ^(^-globulin fraction. Figure I Is a typical elec

trophoretic study showing the change obtained with arthritis serum after 

incubation with pneumoniae. A significant decrease of the o^-globu- 

lin band as demonstrated by staining for protein or glycoprotein is 

noted In the samples Incubated with the organism. This disappearance 

of oC ^-globulin band in the electrophoretic pattern may result from* 

(1) reduction In the mobility of this fraction, due possibly to the 

loss of some highly charged compound (e.g., sialic add), or, (2) 

a preferential degradation of ^-globulin by D. wieumonlae. The 

first possibility cannot be easily excluded because in some instances 

the serum protein fractions did appear to show retardation of electro

phoretic mobility after Incubation. Figure II is the electrophoretic 

pattern of cancer serum after Incubation with ^  pneumoniae. It shows 

some decrease In electrophoretic mobility of the '^2“ /3 -globulin
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Figure I, Alterations of electrophoretic patterns of 
human serum after incubation with Diplococcus pneumoniae.
The lover two strips (marked *'p") are stained for protein 
vith bromophenol blue. No. 1 is of control, incubated 
vithout organism; No. 2 is a strip of the sample after 
incubation vith microorganism. Upper strips (marked "G") 
are corresponding strips stained by the periodic-acid- 
Schiff procedure for glycoprotein, (strip No. 2). Above 
both strips are the densitometer tracings of these patterns. 
Protein tracings (from "p") are at top. In both cases, 
the control tracings are shovn by solid lines and those from 
samples incubated vith the organism are shovn as dotted lines.
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J L

Figure II. Decrease in electrophoretic mobility 
of the oL-£^ 0̂ 2"# and / 3  -globulin fractions of
human cancer serum after incubation vith Diplo
coccus pneumoniae.
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fractions. Although disappearance of a" j^-globulin fraction can be 

seen after incubation, the appearance of a faint band in proceeding 

the ^  ̂ -globulin band is also noted.

Changes in Bound Eozose in Different Protein 

Fractions of Human Serum after Incubation 

with Rieumoniae

Data presented in Table IV demonstrate the changes of bound hexose 

in different electrophoretic fractions of human serum samples after in

cubation with pneumoniae. These are detected by staining the paper 

electrophoretic strips with periodic-acid-Schiff reaction for bound 

hexoses.

After incubation with D^ pneumoniae, the o( j^-globulin fraction is 

significantly decreased to less than 20% of that found in the control 

serum, whereas there are no significant changes in albumin, oC 

/3 -globulin fractions. The decrease in total bound hexoses between 

control serum and serum after incubation is 32 mg%, a value which 

agrees well with the amount of glycoprotein lost from the c< ̂ -globulin 

fraction (30 mg%).

Although chemical analysis and paper electrophoresis studies indi

cate a decrease of protein-bound hexose in tho oC ^-globulin of the 

serum after incubation vith D^ pneumoniae, it was still not possible to 

conclude that the decrease of the serum protein-bound hexose was 

entirely attributable to the disappearance of o(  ̂ -globulin fraction 

as observed by paper electrophoresis.
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TABLE IV

EITBCT CF D. RTEüMONIAE ON SBRDK 
GLYCOPROTEIN FRACTIONS^

Mo% Bound Hexose of
Total
Serum

Albumin Globulin
oC/ o(j. X3

After Incubation 136

Control 166

17

17

7 55
(O-I6)

37 57 
(19-62)

30

31

25

22

*1 normal subject, 2 patients vith cancer, 2 patienta vith severe 
rheumatoid arthritis
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Incubation of Serum Containing Radioactive 

Glycoprotein with pneumoniae 

After Intraperltoneal injection of glucosamine-l-C-lt into rata 

and rabbits, radioactivity was rapidly incorporated into serum glyco

protein. The majority of the radioactivity was found associated with 

o^l”, o<2“, and ^  -globulins. Table V shows the distribution of 

radioactivity in rat serum after injection of glucosamine. The radio

activity in different fractions is roughly correlated with the hexo- 

samine content and is highest in the sercmucoid and cf^-globulin 

fractions. Serum containing glycoprotein labeled by administration of 

glucosamine-l-C-l4 was incubated with pneumoniae and the radio

activity of fractions determined. This experiment was designed to 

evaluate the extent of the cK ̂ -globulin degradation. Table VI shows 

the changes in radioactivity obtained in different fractions after incu

bation with pneumococci for 20 hours.

After incubation, aliquots of the serum were placed on planchets 

for radioactivity determination with a gas-flow counting unit. The 

radioactivity in different protein fractions was also determined with 

this instrument after excising out the protein bands from electropho

resis strips after staining with bromophenol blue. TaMe vi shows that, 

incubation of the rat serum with pneumococcal cell resulted in a l6% 

decrease in radioactivity (from 1001 to 838 c/m/10 ai1) disappeared.

If the organism only hydrolyzed the glucosamine from the protein-bound 

state to the free form, no radioactivity change would be expected since
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TABLE V

RADIOACTIVITY IN SSnJM FRACTIONS AFTER 
ADMINISTRATION OF GLUCOSAMINE-1-C-l4 

TO RAT (SHBFLAR CT Ipél)

C/mibg
Protein

Hexosamlne Content (%)

Total Protein 2,900 1.1

Sercmucoid 8,900 10.0

^  ^-globulin 7,900 6 .3

2"0lobulin 5,900 4.2
-globulin 2,900 1 .9

y -globulin 1,100 1.5

Albumin 4oo 0.06
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TABLE VI

CHANGES CF RADIOACTIVITY IN RAT SERUM PROTEIN 
FRACTIONS AFTER INCUBATION WITH 

DIPLOCOCCUS PNEUMONIAE

C/m/1 0 Ail 
Total 

Activity

Counts Par Minute In* 
Albumin Globulin

C// C<3 1

Sum of Activity 
In Different Frac- 
tlons, c/n/1 0  All

Organism

Control

838

1001

8 162 229 128 hB
36 5^7 235 211 33

572

1062

*10 All of the serum was used for electrophoresis.
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thu sample had not been subsequently subjected to dialysis or other 

procedure which would remove monosaccharide. One would postulate that 

the 16% decrease in radioactivity observed following incubation might 

result through a process whereby protein-bound C-lij-containing sub

stances were metabolized to volatile C-li-labeled compounds, for 

example, protein-bound C-lij-glucosamine were hydrolyzed and subsequently 

metabolized to C^^0 2«

A recovery of approximately 100% was obtained when control serum 

was separated by paper strip electrophoresis (recovery based on sum

mation of the radioactivity present in individual protein fractions).

In contrast, only 68% of the radioactivity could be recovered after 

serum incubated with pneumococci was subjected to a similar electro

phoretic process (summation of radioactivity in individual fractions 

was 572 cpm/10 pi whereas the total serum value was 838 cpra/10 pl.). 

These data suggest that, in the control serum, radioactive glucosamine 

was present in protein-bound form. Incubation with pneumoniae yield 

some free radioactive glucosamine which had a greater electrophoretic 
mobility than any serum protein fraction and, therefore, had moved off 

the paper strip. The radioactivity was highest in j-globulin, con

siderable radioactivity was also associated with ^ -and 

Only slight radioactivity was associated with albumin or  ̂-globulin 

fractions. After incubation, disappearance of radioactivity was most 

prominent in the ^^-globulin fraction (decrease about ?0%) and to a 

less extent in the ^ -globulin fraction. There was no appreciable 

changes in 2” \ -globulin fractions. Although the radioactivity
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level in albumin vas not very high, almost all of the initial activity 

vas gone after incubation. This may be due tot (1 ) Incomplete elec

trophoretic separation of albumin from ci ^-globulin, vhich is subse

quently degraded by the organism, (2) the radioactivity detected in the 

albumin may be associated vith the so called "pre-albumin", a fraction 

rich in bound carbohydrates vhich may be hydrolyzed by the organism.

A similar study vas made using rabbit serum obtained from animals 

administered glacosamine-C-lÜ. The serum vas subjected to paper elec

trophoresis after incubation and the radioactivity distribution in dif

ferent protein fractions recorded by the Baird Atomic Accessories Scano- 

gram III (vindovless it ~  Chromatogram Scanner). Results are shovn in 

Figure III. This figure also shovs the very high activity present in 

Oi -globulin fraction of control serum ( 2- and c<2-globulin are not

veil separated in this experiment). After incubation vith ^  pneumoniae 

about 80% of the total radioactivity, estimated from the area under the 

curve, disappeared. The loss in radioactivity vas most striking in the 

Oi 1-globulin fraction but decreases in radioactivity in other frac

tions also can be noted. In this experiment, dried intact pneumococcal 

cells vere used instead of grovlng the organism on the serum and the 

decrease in total radioactivity vas more striking. An alternative ex

planation for the relatively greater decreases in radioactivity is that 

rabbit serum is tore easily degraded by ^  pneumoniae than is rat serum.

From the above experiments, it vould appear that* (1) disappearance 

of the electrophoretically separated C^^-globulin fraction demonstrated 

as protein or glycoprotein after incubation of the serum sample vith
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Figure III. Changes of radioactivity in rabbit 
serum protein fractions after incubation with 
Diplecoccus pneumoniae. The control strip is of 
the serum sasfle before incubation; the strip which 
is marked "test” is after incubation with pneumococcal 
cells for 20 hours. Both strips were stained for pro
tein with bromophenol blue. Above both strips are the 
corresponding radioactivity scans of the radioactivities 
in different fractions. The first peak to the right is 
due to a spot of glucosamine-1-C-lk placed on the strip 
after electrophoresis for reference purpose.
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Q. pneumoniae was due to extensive degradation of this fraction by the 

organism, (2) some reduction in electrophoretic mobility and decreases 

in radioactivity in c/x* C^2» ^-fractions wore also noted, and,

(3) the organism is able to remove both protein-bound hexose (indicated 

by the tryptophan-sulfuric acid method) and protein-bound hexosamino.

Changes of Various Protein Bound Carbohydrates 

in Sera after Incubation with 

Diplococcus Aieumoniae 

Results of previous experiments indicated that ^  pneumoniae was 

able to cause decreases of both the protein-bound hexose and protein- 

bound hexosamlne of mammalian serum. The following experiment was per

formed to observe changes in three of the major serum protein-bound 

carbohydrates (sialic acid, hexoses and hexosamlne) produced by incu

bation of serum with ^  pneumoniae for 20 hours at 37°C.

As indicated in Table VII, pneumoniae are able to hydrolyze 

hexose, hexosamlne and sialic acid from serum glycoprotein. The obser

vation that sialic acid appears in relatively greater amounts than the 

other carbohydrates may be explained by the fact that sialic acid is 

frequently, if not always, present in the terminal position of the 

polysaccharide chain and thus may be more easily hydrolyzed by the 

organism. Ftoeumococcal neuraminidase activity has been reported by 

Heimer and Meyer (1956) and by Oncley, Eylar and Schmid (1958).



TABLE VII

aiANGPS CF PRCTEIK-BCfUND CARDOHYBRATES AFTER INCUBATION CF 
HUMAN SERA WITH D. PNEUMONIAE

Condition

Hexose 
mg./loo ml. 

Control Organism

Hexosamlne 
mg./ICO ml. 

Control Orgonism

Sialic 
mg,/ICO 

Control

Acid 
) ml.
Organism

Normal 117i3 .5^^ 99:31 7 5+3 . 2 6 6+2 . 2 661U.O hhtj.o

Carcinomatosis 17Ü 136 89 62 86 52

Rheumatoid 
Arthritis I 180 129 92 67 90 h7

Rheumatoid 
Arthritis II 182 158 96 61i 86 hi

tr
o

♦Number of Cases 

♦♦Standard Error
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Detection of Free Carbohydrates after 

Incubation of Serum vith ftaeumococci 

It has been shovn that ^  pneumoniae cause striking decreases in 

protein-bound hexoses, hexosamlne and sialic acid of mammialian sera.

An attempt vas, therefore, made to analyze free monosaccharides in the 

sera after incubation vith pneumoniae. Among the major bound carbo

hydrates (sialic acid, hexosamlne and hexoses, including galactose and 

mannosc), free sialic acid and free hexosamlne are easily distinguished 

from their bound form. Free sialic acid may be assayed by Warren's 

thiobarbituric acid method (1959)* This method is based on the obser

vation that sialic acid, but not bound sialic acid, can be oxidized 

vith periodate ion to form formyl pyruvate, vhich in turn reacts vith 

thiobarbituric acid to produce a red color. Bound hexosamlne is found 

as the N-acetylated form in glycoproteins. Thus, if hexosamlne (bound) 

is hydrolyzed enzymatically, a free N-acetylated hexosamlne, vhich may 

be determined by the Morgan and Elson reaction, vould be obtained.

The amounts of free sialic acid and free N-acetylhexosamine detected 

in the serum after incubation vith ^  pneumoniae are presented in Table 

VIII. Some disparity vas observed betveen the loss of protein-bound 

carbohydrates and the recovery of monosaccharides in the serum after 

incubation vith pneumoniae, suggesting, as one alternative, that D. 

pneumoniae may be able to metabolize monosaccharides. This hypothesis 

vas further studied by incubating 1 ml. of a solution containing 0.1% 

each of sialic acid, N-acetyl glucosamine and galactose in 0 .05 M
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TABLE VIII

RELATIONSHIP BETWEEN APPEARANCE CF FREE SUGARS AND 
DISAPPEARANCE CF PROTEIN-BOUND CARBCBYimTES 

AFTHl INCUBATION WITH D. PNEOTÎONIA»

Bound Carbohydrates 
mp. per 100 ml.

Control
After

Incubation Difference
Free Carbohydrate 
mg. per 100 ml.

Hexosamlne 

Sialic Acid

96

86
6h

h7

32

39

19**

22

*Serum from human subject with severe arthritis

♦♦Converted to glucosamine from N-acetylglucosamine
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phosphate buffer at pH 6 . 5 with approximately 0 . 1 ag. of dried pneumo

coccal cells. Five to ten percent of the carbohydrate lost from the 

protoin-bound fraction could not be recovered in the free carbohydrate 

fraction at the end of 1 hour. Rieumococcal cells were then suspended 

in phosphate buffer, disrupted by sonic oscillation and the particulate 

fraction removed by ultracentrifugation at 105,000 xg for 20 minutes. 

This cell-free extract retained a substantial portion of its capacity 

to hydrolyze carbohydrate from serum glycoprotein but had much less 

activity in degrading monosaccharides than did the intact cells.

Incubation of Isolated Glycoprotein with 

PheumocQCcal Bctract

Incubation of Bovine Orosomucoid 

with 2^ Rieumoniae 

It has been previously shown that the quantity of ^  ̂ -globulin 

demonstrable by paper strip electrophoresis is substantially decreased 

when serum samples are incubated with pneumococcal cells or pneumococci 

are grown in the senim. Orosomucoid, a glycoprotein present in the 

oC %-globulin fraction, has a very high bound carbohydrate content and 

has been relatively well studied. Orosomucoid was, therefore, chosen 

as a substrate for further studies of monosaccharide liberation by D. 

pneumoniae. Bovine orosomucoid, chosen for this study largely because 

the starting material is cheaper and easier to obtain, was prepared by 

the method of Bezkororainy and Vinzler (ip6l), using bovine glycoprotein 

(Cohn Fraction VI) as a starting material. The orosomucoid prepared
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vas found to be homogeneous by paper electrophoresis (at pH 8.6 and 

4 .5 ) and ultracentrifugation. Figure TV shovn the ultracentrifugal 

pattern of bovine orosomucoid at a concentration of 10 mg. per ml. of 

0.2 M NaCl and demonstrates a single symmetrical peak, indicating the 

horaooeneity of the preparation. The chemical composition of this bovine 

orosomucoid is presented in Table IX. The carbohydrate composition of 

bovine orosomucoid is very similar to that of human orosomucoid. About 

4 o% of this glycoprotein is carbohydrate. Both glucosamine and ga- 

lactosamine, in a molar ratio of 13*1 as determined by amino acid ana

lyzer, have been observed, as shovn by Figure V. Aspartic acid and 

glutamic acid are the amino acids present in greatest quantity in 

bovine orosomucoid, although almost all the common amino acids found 

in nature have been reported.

Upon incubation of bovine orosomucoid vith pneumococcal extract 

for 3 hours, free sialic acid, galactose and N-acetylglucosamine vere 

detected in the incubation mixture by chemical analysis and paper 

chromatography. The result of this experiment suggests that ^  pneu

moniae contain several glycosidases vhich hydrolyze sialic acid, N- 

acetylglucosamine and galactose from bovine orosomucoid.

Incubation of Bovine Submazillary Gland 

Glycoprotein vith Ftaeumoniae 

The previous experiments indicated that pneumoniae vere able to 

hydrolyze sialic acid, galactose and N-acetylglucosamino from bovine 

orosomucoid. An experiment vas therefore performed to observe vhether



Piouro IV, Ultracentrifuoal pattern of bovine orosomucoid. The pictures shown 
wore taken at 1 1, ih and 78 minutes after commencement of run. Sedimentation 
proceeds from left to right,
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TABLE rx

CnaiICAL COMPOSITION CF BOVINE OROSOMUCOID

Percent Dry Weight

Lysine h.06

Histidine 1 .21

Arginine 2.76

Aspartic acid 5 . 3 6

Threonine 3.32

Serine 1 .6 8

Glutamic acid 8 . 2 8

Proline 1 .8 2

Glycine 1.26

Alanine 1.67

i Cystine 0.82

Valine 2.09

Methionine 0.60

Isoleucine 1.93
Leucine 3.66

Phenylalanine 2.9Ü

Tyrosine 3 .1 0

Hexose* 16.1
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TABLE IX - Continued

Percent Dry Weight 

Hexosamlne** 11 .3

Sialic acid 1&.0

Fucose 0 , 5

*Consist8 of both nannose and galactose, as detected by paper chromato
graphy.

**Consists of both glucosamine and galactosamine in a molar ratio of 
13*1, as determined by amino acid analyzer.
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GLüCOSA.*! NEi

IGAlACTOSAMINE
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( A) ( B )  ™ E , M I N .

Figure V. Separation of Amino Sugars from Bovine Orosomucoid 
Hydrolysate by Amino Acid Analyzer. (A) Standard; <B) amino 
sugars from the hydrolysate of bovine orosomucoid.
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D. pnemaonl«e vere able to hydrolyze carbohydrates from other glyco

proteins. Bovine submxillary gland glycoprotein was chosen because 

this glycoprotein contains a large amount of sialic acid, H-acetyl- 

galactosanine and appreciable K-acetylglucosa&ine and galactose 

(Nlizava and Pigman, 1959). So’/eral spots vere detected after paper 

chromatography of the incubation mixture of this glycoprotein vith 

pneumococcal extract. %X)ts corresponding to sialic acid, galactose 

and N-acetylglucosamine and a strong spot somevhat above the N-acetyl- 

glucosasiine reference spot vere noted. No authentic N»acetylgalactos- 

amine vas available for reference purposes. After removal of glyco

protein by alcohol precipitation, the incubation mixture vas hydrolyzed 

vith 2 N HCl for 3 hours to remove the acetyl group from the N-acetylated 

amino sugars. The presence of free galactosamine and glucosamine vas 

verified by the amino acid analyzer. Figure VI is a chronatogram shoving 

the presence of both glucosamine and galactosamine in the incubation 

mixture, this indicating that pneumococcal extract vas able to hydro

lyze galactosamine as veil as glucosamine from glycoprotein.

Incubation of Ovomucoid vith 

Aieumococcal Extract 

According to Gottschalk and Ada (1955), ovomucoid contains 1.4% 

galactose, 4 .3% mannose and l4% glucosamine, but no fucose, galactos

amine or sialic acid.

Figure VII is the paper chromatogram shoving the appearance of N- 

acetylglucosamine, galactose and mannose in the incubation mixture after
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Figure VI» Liberation of glucosamine and galactosamine 
from bovine subnaxillary gland glycoprotein by Dĵ  pneu
moniae, (A) Standard; (B) Incubation mixture.
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Figure VII. Liberation of monosaccharides from ovomucoid 
by D. pneumoniae.
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incubation of ovomucoid with pneumococcal extract for five hours. The 

result again Indicates that pneumoniae contains several glycosidases 

vhich enable this organism to hydrolyze carbohydrates from different 

glycoproteins.

Incubation of Iheimococci vith 

Miscellaneous Glycoproteins 

Pneumococcal extract hydrolyzed sialic acid and hexoses from sheep 

follicle-stimulating hormone and destroyed most of the biological ac

tivity of this hormone (Cahill« I96I). Incubation of glycopeptide 

prepared from bovine -globulin (Yang, I962) vith this organism 

resulted in liberation of glucosamine, galactose and mannose as de

tected by paper chromatography. ^  pneumoniae vere also able to hydro

lyze hyaluronic acid to produce N-acetylglucosamine and glucuronic 

acid. This suggests that the organism oust have either -glucos- 

aminidase or yg -glucuronidase in addition to hyaluronidase, jince the 

end product of hyaluronidase is knovn to be ^  -glucuronido-N-acetyl- 

glucosamine.

Studies of Glycosidase Activities in 

Ftaeumococcal Extract

Neuraminidases

The neuraminidase activity of pneumococcal extract vas determined 

directly by Warren's thiobarbituric acid method for free N-acetyl- 

neuraminic acid liberated in the incubation mixture. Bovine orosomucoid
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bovine mubmazlllmry gland glycoprotein and neuramln-lactoae were used 

as substrates. The reaction was carried out using 1 mg. of bovine 

submaxillary glycoprotein (containing 180 /ig sialic acid), 1 mg. of 

orosomucoid (containing 110/jg sialic acid), or 50 ug of neuramin- 

lactose in a final volume of 0 . 2 ml.; 20 um phosphate buffer, pH 6 .0 , 

and pneumococcal extract. After incubation at 37°C., the thiobarbituric 

acid assay for liberated sialic acid was carried out directly on the 

vessel contents. A 10 to 15 fold purification of neuraminidase from 

pneumococcal extract was accomplished, with h O % recovery, by collecting 

the fraction which precipitates with ammonium sulfate concentrations 

between 30 and 50 percent saturation. Table X shows the liberation of 

sialic acid upon incubation of various substrates with pneumococcal 

extract. Orosomucoid appears to be a better substrate than bovine sub

maxillary gland glycoprotein. Apparently the pneumococcal neuraminidase 

activity is similar to that of Influenza virus (McCroa, 1957) and 

Clostridium perfringens (Fbpenoe and Drew, 1957), in that it is not 

stimulated by calcium ion. In contrast, cholera neuraminidase is 

stimulated by calcium ion (Burnet and Stone, 19&7 ). With bovine oroso

mucoid as substrate, maximal enzyme activity was obtained between pH 

6 . 5  and 7 .0 (Figure VIII). The neuraminidase activity was found to be 

more stable under acidic conditions than in alkaline. About 80% of the 

activity could be recovered after incubation with 0 .0 5 N HCl at &°C. for 

l6 hours. However, the activity was rapidly destroyed when the pH was 

above 1 0. Figure IX expresses the linear relationship between the 

liberation of sialic acid per hour from bovine orosomucoid and the
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TABLE X

NEURAMINIDASE ACTIVITY CF PNEUMOCOCCAL EXTRACT

Mg. Sialic Acid 
Released Par b q . Protein

Additions per Eoor

Pneumococcal extract 0 . 2

Partially purified enzyme 0 .1

Bovine orosomucoid 0 . 1

Bovine submaxillary gland glycoprotein 0.3

Bovine submaxillary gland glycoprotein plus
pneumococcal extract 27.5

Bovine orosomucoid plus pneumococcal extract A$.6

Bovine orososatcoid plus pneumococcal extract
plus 10 mM CaCl2 4 6 .2

Neuramin-lactose plus pneumococcal extract 35*4

Bovine orosomucoid plus partially purified
enzyme 464

Bovine oroscmucoid plus partially purified
enzyme plus 10 mM CaCl2 46l
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Figure VIII. Effect of pH on Neura«inidase activity. 
The buffers used vore as follows* acetate (x), phos
phate (•) and borate (o); the conditions of the assay 
are described in the text.
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protein concentration of the cell-free extract added.
Glucosaminidase

P -glucosaminidase activity in pneumococcal extract was assayed 

by using p-nitrophonyl-N-acetyl- p -E>-glucosaminide as substrate. 

Solutions of enzyme (0 .1 ml.) and 2 u moles of p-nitrophenyl-N-acetyl- 

glucosaminide were mixed in a total volume of 1.0 ml. of 0 .0 5 M phos

phate buffer, pH 6 . 0 and Incubated for one hour at 37°C, Liberated 

p-nitrophenol vas estimated spectrophotonetrically after the addition 

of 2.0 ml. of 0 . 2 5 M sodium carbonate, as described by Borrooah £t al. 

(1961). Effect of enzyme concentration on the p -glucosaminidase ac

tivity is expressed in Figure X. Figure XI shows the effect of different 

pll values, over the range 5.2 to 9*6» on the rates of hydrolysis of p- 

nitropbenyl-H-acetyl-p-D-glucosamlnlde. Maximum activity was found 

between pH 6 . 0 and approximately 8.0 , which is significantly higher than 

that of testis P-glucosaminidase (optimum pH 6 .5 , Woollen ejt al. , I96I). 

Though pneumococcal extract was found to hydrolyze N-acetylgalactosamine 

from bovine submaxillary gland glycoprotein, the estimation of activity 

of galactosaminidase was limited by a lack of suitable substrates.

Galactosidaso
P -Galactosidase. The p -galactosidase activity in pneu- 

moniae was first recognized during the estimation of neuraminidase 
activity using neuranin-lactose as substrate. When the incubation 
mixture of neuramin-lactose and pneumococcal extract was chromatographed 
on paper, both glucose and galactose spots were detected in addition
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Figuro XI. Effect of pH on /9 -N-acetylglucosamlnidaee 
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of the assay are described in the text.
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to sialic acid spot. The |3 -galactosidase activity of pneumococcal 

extract was further confirmed by incubating lactose with pneumococcal 

extract. When 1 ml. of 0 .0 5 M lactose in 0 . 0 5 M phosphate buffer, 

pH 6 .5 , was incubated with 0 . 1 mg. of pneumococcal extract for 30 

minutes, the appearance of glucose and galactose was noted (Figure 

XII).

Some properties of this enzyme were also studied by using a 

chromogenic substance, o-nitrophenyl-p-D-galactoside, as a substrate. 

Reaction tubes containing 3*5 ml. of 0 .0 5 M phosphate buffer, pH 6 .0 , 

and 0 . 5 ml. of o-nitrophenyl- ^ -D-galactoside (0.01 M) were equilibrated 

in a 37°C. bath and 1 ml. of pneumococcal extract added at the appropri

ate dilution. After incubation at 37°C. for 1 hour, the liberated 

chromogenic glycone, o-nitrophenol, was estimated spectrophotometrical- 

ly after adding 5 ml. of 0 .2 M NagCO^. Figure XIII shows the effect of 

pH on p -galactosidase activity. The optimum pH is in the range of 

6 . 0  to 6 .5 . The dependence of 3 -galactosidase activity upon the 

amount of pneumococcal extract added is presented in Figure XIV.

0(-Galactosidase. After ^ -galactosidase activity of pneumo

coccal extract was recognized, the question arose as to whether the 

extract contained cX -galactosidase activity. Melibose 6-(0^-D-galacto- 

sido)-D-glucose was used as a substrate. After incubating 1 ml. of 

0 . 0 5 M melibiose in 0 . 0 5 M phosphate buffer, pH 6 .5 , with 0 . 1  mg. 

pneumococcal extract for 30 minutes, both glucose and galactose wore 

detected in the incubation mixture by paper chromatography (Figure XII), 

suggesting that the extract also contains -galactosidase activity.
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Figure XII. Presence of ex' - and -galactosidase in 
pneunococoal extract. GLD - Glucose} GAL - Galactose; 
LACT - Lactose; MS. - Melibiose; EXT - Aieumococoal 
cell-free extract.
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Structural Studies of Bovine Orosoaucoid 

As indicated previously, pneunococcal extract contains several 

glycosidases, which enable this organism to hydrolyze the carbohydrates 

from various glycoproteins. It appears possible, therefore, to study 

the sequential arrangement and the linkages of the monosaccharide 

constituents of bovine orosomucoid by using pneumococcal extract as a 

tool. A highly purified sample of bovine orosomucoid was prepared, 

following the procedure described previously.

Graded Hydrolysis of Carbohydrates 

by Ftaeufflococcal Ebrtract 

In order to determine the rate of release of monosaccharides by 

pneumococcal extract, 250 mg. of orosomucoid was dissolved in 50 ml. 

of a cell-free extract in 0.05 M phosphate buffer, pH 6.5, at ice bath 

temperature. Five milliliters (containing 25 mg. orosomucoid) of the 

mixture was then pipetted into test tubes, stoppered with rubber 

stoppers and incubated in a 37°C. water bath. The tubes were removed 

at suitable time intervals and heated in a boiling water bath for 5 

minutes to stop the enzyme action. Precipitated protein was removed 

by centrifugation and the clear supernatant used for chemical analysis. 

In each run the crude extract, without added orosomucoid, served as 

control. After stopping the enzyme reaction, 2 ml. of the reaction 

mixture was used for determinations of free sialic acid and N-acetyl- 

hexosamlne. The three remaining milliliters of reaction mixture were 

dlalyzed against 100 ml. of distilled water for zk hours at h°C.
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Doth dialyzmble and non-dlalyzable fractions were lyophilized. The 

lyophilized dialysate was dissolved in 3 ml. of distilled water and 

demineralized with an electric desalter (Research Specialities Co., 

California). The desalted dialysate was evaporated to 0.5 ml. in the 

vacuum oven and used for paper chromatographic studies of free sugar 

and for determinations of dialyzable hexose. Bound sialic acid, hexose 

and hezosamine were determined on the lyophilized non-dialyzable 

fraction.

Results of the serial quantitative studies of the incubation 

mixtures are recorded graphically in Figures XII, XV and XVI. As indi

cated in Figure XV, sialic acid is rapidly released from orosomucoid 

until 3 hours, in which 86% (7 .6  p mole) of the total sialic acid was 

present as free sialic acid. At 12 hours, 7.8 p mole of free and 0.9 

p mole of bound sialic acid (expressed as N-acetylneuraminic acid) 

were present. The sum of these two components may be compared with the 

original 8.0 p mole of bound sialic acid. On the other hand, as indi

cated in Figure XVI, hexosamine was released at a much slower rate, only 

12% (1 .9  pm) being found as free N-acetylglucosamlne at 3 hours and 65% 

(7 .1 pm) at 12 hours. Somewhat different figures for liberated glucos

amine were found if calculated from the bound hexosamine analysis. In 

this case, 59% (9*6 pm) of the original bound hexosamine had been lost 

at 12 hours. This may indicate further breakdown of the acetyl hexos

amine by the extract after liberation. The amount of free hexose found 

was even lower than that for hexosamine; furthermore, the disappearance 

of bound hexose was somewhat faster than that of bound hexosamine
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Figure XV. Liberation of sialic acid from bovine orosoaucoid 
by pneumococcal e x t r a c t . A — indicates the released sialic 
acid as determined by direct analysis;— e - e —indicates the re
leased substance as determined by diference between the original 
bound figure and the bound figure at the indicated time; — —  
indicates the change of the bound component.
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Figure XVI. Liberation of hezosanine from bovine orosomucoid by 
pneumococcal extract.— ▲ — a.-indicates released sialic acid as 
determined by direct analysis;-#-#-indicates released substance 
as determined by difference betveen the original bound figure 
and the bound figure at the indicated time;-■-■-indicates the 
change of the bound component.
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(Figure XVII), suggesting definite degradation of hezoses after re

lease from the glycoprotein.

Confirmation and elucidation of the above observations were made 

by paper chromatographic studies of the incubation mixture dialysates.

As indicated in Figure XVIII, after 30 minutes, 'incubation, a spot with 

the mobility of N-acetylneuraminic acid was found; however, no other 

carbohydrate staining areas were present. At 3 hours, strongly staining 

spots with vLe mobilities of N-acetylneuraminie acid and galactose and 

* weaker spot with the mobility of N-acetylglucosamlne were found.

At 6 hours, an additional weak spot with the mobility of mannose was 

present and, 12 hours had increased in intensity. In the 3 , 6 and 12 

hour samples, a spot with a very limited mobility occurred and may be 

due to dialyzable oligosaccharide.

Prolonged Digestion of Bovine Orosomucoid 

with Aieumococcal Srtract 

In addition to studying the monosaccharides released at various 

periods of time, it is valuable to obtain information concerning the 

carbohydrates still attached to the peptide portion of the glycoprotein 

after prolonged digestion of orosomucoid with pneumococcal extract.

This experiment was inteuled to obtain information about the carbo

hydrate which is in the most interior portion of the carbohydrate 

sequence and is, therefore, probably attached to the polypeptide chain. 

Orosoaucoid was incubated with pneumococcal extract for 6o hours at 

37°C. A pH of 6.0 was selected for the incubation mixture, since only
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Figure XVII. Liberation of hexose from bovine orosomucoid by 
pneumococcal extract,-A-A— indicates the released sialic acid as 
determined by direct analysis;-*-# indicates the released sub
stance as determined by difference between the original bound 
figure and the bound figure at the indicated time;-m -m-indicates 
the change of the bound component.
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Figure XVIII. Paper chromatograph of the carbohydrate con
stituents of dialysates from incubation mixtures of oroso
mucoid and extract from Diplococcus pneumoniae. A standard 
solution of sugars vas placed on each side of the chromato- 
graidiic strip. Position of the standard sugars are indi
cated as follovsi 1 - N-acetyneuraminic acid; 2 - galactose;
3 - mannose; and k - N-acetylglucosamine. Times of incubation 
are indicated at the bottom of the chromatograph, i.e., 30 
minutes, 3, 6 and 12 hours. Note the appearance of NANA at 
30 minutes, galactose and NAG at 3 hours and mannose at 6 .
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slight proteolytic activity was found at this pH. The optimum pH for 

the proteolytic activity is 7.5 to 8.0. After incubation, the mixture 

was subjected to exhaustive dialysis and the non-dialyxable fraction 

used for qualitative determination of carbohydrates by paper chromato

graphy, The result of this experiment revealed that only mannose and 

glucosamine were still found attached to the nondialyxable peptide of 

the glycoprotein after prolonged digestion of bovine orosoaucoid with 

pneumococcal extract. Though glucosamine was the only amino sugar 

detected by paper chronatographic technique, galactosamine was also 

detected by using the amino acid analyzer. The ratio of glucosamine 

to galactosamine is 1 7*1 , as compared with 13*1 determined by the 

same procedure in the original orosoaucoid. Galactosasd.ne content 

was lower after digestion with ^  pneumoniae. The result may suggest 

that some galactosamine residues are present in the carbohydrate se

quence not nearest to the polypeptide chain and more glucosamine is 

present in the neighbor of polypeptide chain.

Proteolytic Digestion of Bovine Orosomieoid 

After the finding that mannose and glucosamine were the carbo

hydrates nearest to the polypeptide chain in the bovine orosoaucoid, 

it was thought valuable to obtain information concerning the amino 

acids which are nearest to the carbohydrate chain. In order to achieve 

this purpose, orosoaucoid was digested with proteolytic enzyme to remove 

as much of the peptide portion of the complex as possible, and the non- 

digestible part analyzed for amino acids. Proline in the protein 

molecule interferes with conq>lete hydrolysis of protein by most proteo
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lytic enzyme#. Hill #nd Schmid (I9 6I) employed m combination of pepain, 

leucine amino peptidase and prolinase to achieve the complete enzymic 

hydrolyai# of proteins. However, isolation and purification of prolinase 

from swine kidney is laborious and time consuming. A proteolytic enzyme 

from Streptomyces griaeus (commercial name, "Pronase") was selected for 

digesting bovine orosomucoid because this enzyme has a very wide specif

icity, including proline splitting activity (Nomoto and Narahashi, i9 6 0). 

Sialic acid in orosomieoid interferred with the proteolytic digestion; 

therefore, orosoaucoid free of sialic acid was prepared by hydrolysis 

of 0.1% of bovine orosoaucoid in 0.05 N H2SOk for 1 hour at 80^C.

Sulfuric acid was removed by dialysis and the sialic acid-free oroso

mucoid obtained by lyophilisation. More than 95% of the sialic acid 

and 60% of the fucose in the bovine orosomucoid was removed by this 

process. One hundred mg. of sialic acid-free bovine orosoaucoid in 

10 ml. of 0.1 M phosphate buffer, pH 7.#, was digested for 60 hours by 

1 mg. Pronase (contains &5 units of Streptomyces griseus protease,

Nomoto and Narahashi, 196O). The proteolytic digests were dialyzed in 

Visking dialyzing tubing at &°C. against distilled water for 60 hours.

The nondialyxable fraction was analyzed for amino acid composition.

Table XI indicates that after prolonged digestion of bovine orosomucoid 

with Streptoaorces griseus protease, the peptide moiety contained aspartic 

acid, threonine, serine and glutamic acid in relatively high percentage. 

The ratio of glucosamine to galactosamine is 13:1 (as in the original 

glycoprotein), suggesting that there was no degradation of carbohydrate 

chain during proteolysis.
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TABLE XI

AMINO ACID AND AMINO SUGAR OOOTHW CF BOVINE 
OROSOKJCOID AFTER DIGESTION WITH 
STREPTOMYCES GRISEUS mOTEASE

Amino Acid
Micromoles per mg. 

Glycopeptide

Aspartic Acid 0.23

Threonine 0.15
Serine 0.21

Glutamic Acid 0.23
Proline 0.08

Glycine o.o6
Alanine 0.08
Valine 0.07
Methionine 0.02

Leucine 0.08
Tyrosine 0.03
Lysine o.o6
Histidine 0.05
Arginine 0.05
Glucosamine 0.16
Galactosamine 0.013
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Digestion of Bovine Orosomucoid with Fheumococcal 

Ebrtract and Streptomyces Griseus Protease 

In order to obtain further Information concerning the asd.no acld- 

carbohydrate complex, 100 mg. of bovine orosomucoid was digested with 

5 mg, pneusx>coccal extract for 6o hours at pH 6.5. The pH of the 

pneumococcal digest warn adjusted to pH 7.^ by KOG, then 0.5 M phosphate 

buffer, pH 7.&, added to a final concentration of 0.05 M. The sdxture 

was again digested with Streptomyces griseus protease for 6o hours, 

then dlalyzed and lyophilized and the dialyzable fraction analysed for 

amino acids and amino sugars by the amino acid analyzer. The results 

of this experiment are presented In Table XII. Substantial increases 

of glucosamine and glutamic acid after acid hydrolysis œ y  Indicate 

that these two are the components responsible for the linkage between 

polypeptide and polysaccharide chains.
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TABLE XII

AMINO ACIDS AND AMINO SUGARS IN PNEUMOCOCCAL AND 
PROTBOLYTIC DIGESTS OF BOVINE OROSOMUCOID

Before Acid 
Hydrolysis 
AiM/Bfl. (a)

After Acid 
Hydrolysis 
AiM/ng. (b) Ratio b/a

Glucosasiine 0 .0 0 5 0 0 .0960^ 1 9 .2

Galactosasiine 0 .0 0 5 0 0 .0 3 2 6 .6

Lysine 0 .2 3 1 0.337 1.5

Histidine 0 .0 5 6 0 .0 6 6 1 .2

Arginine 0 .0 6 6 0 .0 9 2 2 ,1

Aspartic Acid 0 .0 9 3 0.187 1 .0

Threonine 0 .0 8 1 0 .1 8 1 2 .2

Serine 0 .0 9 8 0.136ee 1.3

Glutenic Acid 0 .0 2 1 0 .3 6 1 15.2

Proline 0 .0 1 6 0 .1 0 6 6 .6

Glycine 0 .0 9 6 0 .1 3 6 1 .6

Alanine 0 .2 1 1 0 .2 0 1 0.9
Valine 0 .1 6 5 0 .1 3 6 0 .9

Methionine 0 .0 7 1 0 .0 6 0 0 .8

Isoleucine 0 .1 8 3 0 .1 9 6 1 .0

Tyrosine 0 .1 6 3 0 .1 7 1 1 .0

Phenylalanine 0.131 0 .1 6 2 1 .1

♦Corrected for free 

♦♦Corrected for 10%

N-acetylglucoscuBlne before acid hydrolysis 

destruction during acid hydrolysis



CHAPTER V 

DISCUSSION

A survey concerned with microorganisms which will degrade serum 

glycoprotein indicated that Diplococcus pnexxmoniae 6l2 was able to 

causa significant decreases in protein-bound hexoses of btuaan, rat and 

bovine sera. Previously, no microorganism was known to remove carbo

hydrates other than sialic acid from serum glycoprotein. Incubation of 

mammalian serum with D^ pneumoniae resulted in decreases of 15 to 30% 

of the protein-bound hexose as determined by the tryptophan method.

Paper electrophoretic studies indicated that these changes were largely 

restricted to the cx ̂ -globulin fraction. Disappearance of total glyco

protein, preferentially from the o( ̂ -globulin and glycoprotein fraction 

was noted, after incubation with D^ pneumoniae. It is known that in

cubation of serum samples with organisms %diich contain neuraminidase 

will cause retardation in electrophoretic mobility of and 1̂ 2“

globulin fractions due to their loss of sialic acid (Laurell, 1959)«

D. pneumoniae was known to contain neuraminidase activity (Heimer and 

Meyer, 1956). Therefore, the disappearance of the ^-globulin fraction 

in sera after incubation with pneumococci might be due to changes of the 

mobility of this fraction associated with loss of sialic acid. This 

possibility was ruled out by incubating this organism with rat or rabbit

85
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•«run in which the glycoproteins were labeled with glucosatiine-1-C-là. 

Disappearance of radioactivity in the o< j^-globulin fraction was ob

served, suggesting that the degradation of the cX j^-globulin fraction 

by this organise also involved removal of glucosamine.

Preferential utilization of the protein-bound carbohydrates con

tained CK^-globulin fraction can not be explained by postulating that 

only this fraction contains those carbohydrates which are necessary 

for the growth of this organism. Since it is known that sialic acid, 

hexoses and bexosamines are distributed in fractions,

the requirement of some unknown factor from this fraction for the 

growth of this organism is still possible. The explanation may rather 

be that the enzymatic reswval of the carbohydrates in the of ̂ -globulin 

is somehow less protected by the protein moioty. The cX ̂ ^Qlobulin 

fraction is a complex mixture which contains protein, glycoprotein and 

1 ipopolysaccharide.

Heimer and Meyer (1956) and Cmcley et al* (1958) reported the 

liberation of sialic acid from varius glycoproteins by ^  pnetasoniae.

In the present study, it was found that, in addition to sialic acid,

D. pneumoniae hydrolyze hexoses, hezosasd.ne and fucose from mammalian 

serum. The pneumococcal extract was found to be able to hydrolyse 

sialic acid, galactose, N-aeetyl-glucosamine, X-acetyl-galactosamine 

and in some instances mannose from various glycoproteins, including

bovine orosomucoid, bovine subamxillary gland glycoprotein, orosoaucoid, 

sheep follicle stimulating hormone.
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The ability of pneumococci to hydrolyze various carbohydrates 

from serum glycoprotein was further explained by the fact that pneu

mococcal cell-free extract contains neuraminidase, ^-glucosamlnldase,

CX -galactosidase and -galactosidase as determined by studies with 

chromogenic substrates. The optimum pH of pneumococcal neuraminidase 

was between 6.5 to 7.0, a range very similar to that optimal for 

neuraminidase of Influenza virus (Myron et al.. ip6l); but slgnflcantly 

higher than for the neuraminidase from other bacteria. The optimal 

pH of neuraminidase from Clostridium perfrlngens Is between pH 5.0 and 

5.5 (Bopenoe and Drew, 1957) and between 5.0 and 6.0 for crystalline 

neuraminidase from Vibrio cholerae (Ada ^  1961). Results re

ported In the present study showed that pneumococcal yg -glucosamlnldase 

was In the range 6.0 to 8.0. The optimal pH of the -glucosamlnldase 

of ram testis has been reported to be between k,h and k,7 (Woollen 

^  I96I), a value strikingly lower than that of pneumococcal

-glucosamlnldase. The optimal pH of the yg -galactosidase In pneu

mococcal extract was found to be between 6 .0  and 6 .5  which Is very 

close to the value reported by Kuby and Lardy (1953) foryS -galactosi

dase In Escherichia coll* Aieumococcl also contain c( -galactosidase 

activity which has not been previously reported. Although y5 -galactosi

dase has been extensively studied due to Its genetic Importance,c( -gal- 

actosldase is relatively unexplored and further studies should prove In

teresting. CX-Galactosidase In pneumococcal extract seems to be more stable 

to heat than ^  -galactosidase. Upon Incubation of pneumococcal extract
I

at 55°C. for 15 minutes, about 90% of the ̂ -galactosidase, but only
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3 0% of the ^  -oalactosidase activity va# loat.

Bovine oroaowicoid contcia# about 6o percent protein and ^0 per

cent carbohydrate#. The carbohydrate compoaition of this olycoprotein 

va# found to be 11% #ialic acid, 1&% hexoae and 11% hezoaaiBine. Since 

pneumococcal extract contains neuramlnidaee, ^-galactosidase and /3~ 

glucosaminidase, the cell-free extract# of this organism vere used for 

the structural studies of this glycoprotein. Analysis of the mono

saccharides liberated at various periods during the contolled by hydro

lysis of bovine orosomucoid vith pneumococcal extract revealed that 

sialic acid vas rapidly released from the glycoprotein. This observation 

is in agreement vith the postulation that sialic acid is the terminal 

group of this glycoprotein (Winxler, 1958). Assuadng that the tersdnal 

sialic acid must be removed before the adjacent carbohydrate residue may 

be hydrolyzed from the glycoprotein, consideration of the serial paper 

chromatographic studies indicate that the next residue of the carbo

hydrate moiety is galactose, felloved by N-acetylglucosamlne (Figure 

XVIII). Hovever, since &1% of the hexosamine remained bound, folloving 

12 hours of incubation, the carbohydrate moiety probably Included a 

second gxucosamine residue. By analogous reasoning, mannose is further 

from the terminal group than either galactose or glucosasiine. Only 33% 

m*B reswved of the bound hexose from the glycoprotein sfter 12 hours, 

indicating that many of the hexose residues are beyond the sialic acid- 

galactose-glucosamine sequence. Tbese results are similar to those 

obtained in the graded acid hydrolysis of fetuin reported by Spiro 

(19^2). By dilute acid hydrolysis of fetuin, Spiro found that galactose
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in f#tuln 1: r#lam»#d mieh aor« rapidly than either the bexoaaalne or 

mannome and also that hexosamine is released more rapidly than mannose. 

Eylar and Jaanles (1 9 6 2) oxidised human sialic acid-free orosomucoid at 

0°C. to &°C., pH &.75, and suggested that polysaccharide units of human 

orosomucoid possess a total of I6 branches, terminated by the sequence 

N-acetylneuramlnldyl-)2-&)y3-B^D-galactosyl-(l-k)-2-acetamldo-2-deoxy- 

D^glucose.

In order to obtain the information about what carbohydrates are 

the nearest to the polypeptide chain, bovine orosomucoid was subjected 

to prolonged digestion vith pneumococcal extract. After 60 hours of 

digestion, it was found that mannose and glucosamine are still attached 

to the polysaccharide, confirming previously reported observations of 

other workers. Winder (1958) and Spiro (1 9 6 2), using graded acid 

hydrolysis of husmn orosomucoid and fetuin, concluded that hexosamine 

and mannose were the carbohydrates attached to the polypeptide chain.

By periodate oxidation of sialic acid, free husam orosomucoid, gylar 

and Jeanloz (1 9 6 2) also concluded that the inner core of the polysaccha

ride units of husmn orosomucoid is composed of mannose and/or glucos

amine.

To obtain information about the asdno acids linked to the polysaccha

ride chain, bovine orosomucoid was digested with Streptomyces griseus 

protease for 60 hours. Glutamic acid, aspartic acid and serine were 

found to remain attached to the non-dialyzable polysaccharide fraction, 

suggesting that one of these amino acids is linked to carbohydrate.

In ovalbUBiln and human orosomucoid, aspartic acid has been reported to
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be linked to the glucosaailnei however, in bovine orosonucoid, the possi

bility that glutSiBic acid might be linked to the carbohydrate still 

exists. The results of amino acid analysis of protease and pneumococcal 

digests of bovine orosomucoid indicated that glucosamine and glutamic 

4icid increase swre than fifteen times after acid hydrolysis (Table XII). 

This result strongly suggest that these two components are present in 

the bound form before acid hydrolysis.



CHAPTER VI 

SUMMARY

1. A strain of Diplococcus pneumoniae was found to degrade the 

serum glycoprotein which migrates on paper electrophoresis with the

^-globulin fraction. Incubation of mammalian serum with pneumococci 

resulted In decreases In protein-bound slallc acid, glucosamine, hexoses 

and fucose.

2. Most of the ^-globulin fraction demonstrable by paper strip 

electrophoresis disappeared after Incubation of mammalian serum with 

D. pneumoniae,

3 . Aieumococcal extract liberated various monosaccharides from 

several Isolated glycoproteins. Including bovine orosomucoid, bovine 

submaxlllary gland glycoprotein and ovomucoid.

&. Aieumococcal extract contains neuraminidase, -glucosamlnldase 

and ex' - and p> -galactosldases.

5. Bovine orosomucoid wbian was shown to migrate as a single peak 

In both paper electrophoretic and ultracentrlfugal analysis was Isolated 

from Cohn Fraction VI. Both carbohydrate and amino acid composition of 

this glycoprotein were studied.

6 . The controlled graded hydrolysis of bovine orosomucoid by 

pneumococcal extract Indicated that sialic acid occupies the terminal

91
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position of the carbohydrate chain, galactose is next to the sialic 

acid and glucosamine and mannose are in the inner part of this glyco

protein.

7* After prolonged digestion of bovine orosomucoid with pneu

mococcal extract, mannose and some glucosamine were still attached to 

the peptide chain.

8 . Upon digestion of bovine orosonucoid with Streptomyces oriseus 

protaase, glutamic acid, aspartic acid, threonine and serine were most 

abundant in the non-dialyzable fraction.

9. Increases of glutamic acid and glucosamine after hydrolysis of 

dialyzable fractions of pneumococcal and protaase digests of bovine 

orosomucoid indicated that glutamic acid and glucosamine may be responsi

ble for the linkage between polypeptide and carbohydrate chains in the 

bovine orosomucoid.
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