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ABSTRA CT 

The quantity of pantothenic acid conjugates in 

various rat tissues as affected by deficiency diets was 

studied using Acetobacter suboxydans as the assay organ- 

ism. Pantothenic acid conjugate activity in tissues of 

rats fed 61 days on a pantothenic acid deficient diet 

diminished to 55-73 of the normal level. Likewise, the 

free pantothenic acid as well as the pantothenic acid 

content after papain-takadiastase digestion of hot water 

tissue extracts were at considerably lower levels in the 

pantothenic acid deficient anina1s, It is 

that the growth of the animals is dependent upon the 

formation of conjugated forms of pantothenic acid, The 

deficient animals appear to secure a more efficient 

utilization of the body stores of the vitamin in the 

conjugate forms, inasmuch as the decrease in free vitamin 

is much greater than that of the conjugates. Of all the 

conjugate forms only a small part of lt was identified as 

the conjugate described by King, Locher and Cheldelin 

(PAC) after dialysis. 

Unlike pantothenic acid, dietary glutamlo acid 

deficiency did not cause significant loss in conjugate 
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activity in the tissues of rats deprived of the animo 

acid for 55 days. In view of the smaller weight gains in 

the deficiency animals, the interpretation is made that 

the internally synthesized glutamic acid is allocated with 

priority to pantothenic acid conjugate formation rather 

than for general protein synthesis. 
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SECTION I 

INTRODUCTI ON 

R. J. Williams and his co-workers established the 

chemical nature of pantothenic acid, a viterain in the 

water soluble B-group (27). This vitamin was later found 

to be identical with the chick antidermatitis factor 

(5, 29). The artificial synthesis of pantothenic acid 

was aceomplished in 1940 (24). Pantothenic acid appears 

to be present in the protoplasm of practically all living 

cells, and therefore it seems likely that this vitamin 

plays a vital role in life. Nevertheless, we know very 

little of its metabolic function. The presumption, in 

view of the known function of thianiin, nicotinamide and 

riboflavin, is that pantothenic acid fits into some enzyme 

system which is, no doubt, essential to normal metabolism. 

In spite of some facts which seem. to indicate that panto- 

thenic acid may be concerned with carbohydrate metabolism 

(1), these are not conclusive (25). Since this effect is 

observed in the living organisms, there is always the 

question as to whether the effect is of direct or of in- 

direct nature (4). 
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In 1943, Wright reported that most of the pantothenic 

acid present in the human blood was in the form of a conju- 

gate (30). This was attributed to the very low level of 

pantothenic acici found after the precipitation of the blood 

proteins, as compared to the previously established value8 

(23). That the result alight be due to adsorption of the 

pantothenic acid on the proteins seemed unlikely, for when 

the fresh blood was assayed aseptically without steriliza- 

tion the value was also very low, but after sterilization 

the value increased. These results indicated the existence 

of pantothenic acid in at least two states in the human 

blood, with the bulk being in combined form. The complex 

was thought to be protein in nature because of Its insta- 

bility toward heat and its precipitation by the Folin-Wu 

tungstic acid reagent. 

In the same year, Neal and Strong reported that in 

tìeir work y ith fresh pork liver they found a fraction of 

pantothenic acid which was not destroyed by alkali hydroly- 

sis under autoclaving conditions (19). This meant that the 

activity was due to some pre-existing derivative of panto- 

thenic acid substituted in such a way so as to protect the 

amide linkage from the alkaline hydrolysis. With the re- 

noval of the active substance with charcoal and further 

alkali hydrolysis, It did not show any loss in activity. 
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However, most of the activity was lost with acid 

hydrolysis. It seems not improbable that there exists an 

alkali and heat stable pantothenic acid derivative in pork 

liver as well as in some other substances. 

Later, Lipmann and his co-workers while working with 

a preparation of minced pigeon liver found an acetylating 

enzyme (called Coenzyme Â1) acting in the presence of 

adenosine triphosphate on sulfanilamide and some of its 
derivatives (il). The acetylating system proper was found 

to retain its activity upon freezing, but was destroyed on 

standing or on dialysis. They observed further that the 

dialyzed material could be reversibly reactivated by the 

addition of boiled extract of .iver or kidney (10). This 

indicated that the enzymatic condensation of the sulfa- 

nilamide and acetate was due to a heat stable, dialyzable 

coenzyme (12). When a highly purified concentrate of this 

coenzyme from pork liver was subjected to a thorough vita- 

min analysis, none of the known vitamins was found to be 

present. However, with prolonged enzymatic digestion, 

pantothenic acid was found to be present. The constancy 

of the vitamin gave evidence that pantothenic acid was a 

part of the coenzynle (14). 

Prior to Llpniann's work, Nachmansohn reported a 

therinostable coenzyme of choline acetylase (17,15,16,2) 

1 This name has been recently used to identify the 
coenzyme by Kaplan and Llpmann (6). 
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which was lost upon dialysis and with it the activity of 

the enzynie (18). Therefore, in order to substantiate 
the possible entity of the two coenzyines acting both in 
the acetylation of choline and the sulfanilaniide, Lipinann 

subjected his purified preparation to the reactivation of 

the dialyzed choline aoetylase (13). With this the activ- 
ity of the latter was restored. This indicated that the 

coenzyines involved in the two acetylating systems were the 

s aDia. 

The enzymatic acetylation of sulfanilaniide and choline 

with Coenzynie A had been shown to be essential in vitro 
reactions (10) and, further, that Coenzyzne A contained 

large amounts of pantothenic acid. Therefore, Riggs and 

Hegsted conducted a study to determine whether acetyla- 

tion of para-aminobenzoic acid in rats depended upon an 

adequate intake of pantothenic acid (20). From this study 

it was found that pantothenic aciddeficiency reduced the 

excretion of acetylated para-aminobenzoic acid in the rats. 
Due to the conditions required, however, it is the opinion 

of the vorkers that the other requirement is the presence 

of abundant acetate within the body. 

Workers in this laboratory have found a biologically 

active conjugate of pantothenic acid as an outgrowth of 

growth studies in certain strains of yeast with glutamlo 
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acid and certain yeast and tissue extracts (7). In pork 

heart extract a substance was found which enhanced the 

growth of Acetobacter suboxydans to a far greater extent 

than could be accounted for by pantothenic acid alone as 

determined with Lactobacillus arabinosus after enzymatic 

digestion (22,9). The enhancement seemed to be about 

twice that contributed by the vitamin itself as calcu- 

lated from the acid hydrolyzed products. 

Unlike the Wright or Neal and Strong factors, this 

substance is not precipitated by tu.ngstic acid, is 

unstable to alkali treatment and the pantothenic acid is 

not released by enzymatic treatment. Futhermore, this 

substance, unlike the Coenzynie A of Lipmann, will not 

acetylate sulfanilamide or choline nor will lt dialyze 

through a cellophane membrane. 

The possible presence of glutamic acid in PAC2 is 

also suggested (8,28). The ratio of glutamic acid to 

pantothenic acid in the PAC2 was found to be about 2-4 

moles to 1 mole respectively, as calculated from the 

-alanine values. 

2 This name has recently been used to identify the A. 
suboxydans activity possessing substance by King, 

Fels and Cheldelin (9). 



SECTION II 

EXPERIMENTAL 

From the above background obtained by microbial 

studies, it was considered desirable to learn whether 

pantothenic acid might occur similarly bound in animal 

tissues. In this thesis, therefore, the influence of 

pantothenic and glutamic acids on the level of total 

Acetobacter suboxydans activity in various rat tissues 

has been studied. The effect of pantothenic acid and 

glutamic acid were studied separately and these constitute 

the two parts of this thesis. 

All of the animals used in these experiments were 

weanling rats, twenty-eight days of age and of the Evans- 

Long strain. The rats were from the stock colony of the 

Oregon State College Chemistry Lepartment. 

Pantothenic Acid Deficiençv Experiment 

The animals in this group (which shall be referred 

to as Group A) consisted of nine rats. They were kept in 

individua], wire cages and allowed water and food ad libi- 

turn. Four animals were used as control and the remainder 

as experimental. The diet used is listed in Table I. 

The only difference between the diets of the control 

and that of the experimental was that the former contained 



200 milligrams of added calcium pantothenate per kilogram 

of diet and the latter contained no added calcium panto-'. 

thenate. The manipulation, treatment, and the assay 

methods involved were carried out as nearly alike as pos- 

sìble. 

The rats were obtained from two litters, mixed and 

segregated into two groups, namely the control and the 

experimental. At the beginning of the experiment the con-. 

trol animals averaged 37.75 grams while the experimental 

averaged 39.0 grams. The average weight gains recorded 

as grams y. number of weeks (seven days interval) is 

plotted in Figu.re I. 

The assigned diets were fed to the two groups for 

61 days. The food cups were filled daily in the late 

afternoon and the water changed every two days. At the 

end of the period the animals were sacrificed with a 

blow on the head with a blunt instrument. Immediately, 

after the expiration of the animals, they were dissected 

and the desired tissues, brain, skeletal muscle, heart, 

kidney and liver were removed. 

The zuanipulatioi involved in the dissection was 

conducted as rapidly as possible and where any length of 

time was required, for instance, after the completion of 

the dissection of the experimental group; the collected 



TABI I 

COMPOSITION OF GROUP A RAT DIET 

Aniount per 

Ingredients kilogram. 

Cerelose 730 Grams 

Casein (vitamin-free tested) 180 

Corn oil 50 

Choline i 

Salt mixture (Poster and rones) 40 

Thianiin 20 Milligrams 

Riboflavin 20 

Pyridoxin 40 

Calcium pantothenate1 200 

Cod liver oil 0.25% 

i Included only in the diet of Control rats. 
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samples were chilled by placing in the refrigerator is the 

dissection of the control group was continued. This pre- 

caution was observed so as to prevent excessive autolysis 

of the tissues and possible destruction of the active sub- 

stance. 

With each removal of the tissues they were freed from 

blood as much as possible by blotting with porous paper 

towels and the extraneous materials such as fat, connec- 

tive tissues, hair etc., were carefully removed and each 

placed in respective tared glass containers equipped with 

covers. The covers were provided so es to prevent exces- 

sive drying during the period of dissection of all the 

animals in each group. With each killing and the addition 

of the chosen sample to the assigned container, the con- 

tainer and the content with the addition were weighed. 

Such precaution proved very effective and it was found to 

to give minimum amount of drying. The type of balance 

used was a pharmaceutical torsion balance accurate to one- 

hundredth of a gram. 

Each of the samples was masticated in a micro-Waring 

blendor to a fine pulp in the presence of 25 milliliters 

of distilled water until a thick suspension was formed. 

The suspensions with the distilled water washings from 

the blendor were brought up to within 10 milliliters of 
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the desired volume end the pH was adjusted to 4.8 In order 

to precipitate protein material. The suspensions were then 

steamed in the autoclave for several mInutes. The hot sus- 

pensions were chilled and allowed to stand in the reí'rig- 

erator over night. fter this treatnentthe final volume 

was adjusted so that the larger samples (muscle and liver) 

contained a concentration of 100 milligrams of material 

per milliliter of solution. The smaller samples (brain, 

heart and kidney) contained 25 mIlligrams of material per 

milliliter of solution. Each sample was then vigorously 

stirred to a homogeneous mixture and the coagulated pro- 

teins ana other residues were separated by centrifugation 

and the supernatant liquid was filtered under suction 

through a glass sintered funnel of medium porosity to 

obtain a clearer solution. 

The filtrates were used as the stock sample solu- 

tions from the Group A animals. These extracts consti- 

tuted the starting material for all of the microbio- 

logical assays. 

Method of Assaying 

The Acetobacter suboxydans activity was determined by 

the method of Sarett and Cheldelin (22), but a slight change 
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was Introduced to fit the present purpose as used in this 

laboratory. This was the addition of #801, a concentrate 

preparation of PAC, for the standard curve and the stock 

sample solutions in appropriate dilutions as the unknown 

in the place of j6-alanine or pantothenic acid (21). 

Furthermore, it was found that a 48 hour growth period was 

more favorable for this experiment than the 72 hour period 

previously employed, since free pantothenic acid stimulated 

growth only slightly during the shorter time. Growth with 

the conjugate, on the other hand, was nearly maximum after 

48 hours, and the assay results so obtained were believed 

to give a more nearly correct picture of the eonjuate oon- 

tent. However, this assay did not differentiate between 

PAC and the Coenzytne A of Lipmann, since the latter also 

possessed activity for this organism and was presumably 

present in these extracts. Growth A. suboxydaris was 

measured with the photoelectric turbidimeter of Pfaitz 

and Bauer. It is recorded herein as optical density (2 

minus log percent transmission). 

Unfortunately, the activity values of j. arabinosus 

and those of A. suboxydans can not be compared directly 

due to the unavailability of pure PAC, as well as the 

difference in response of the latter organism to in- 

creasing dosages of PAC as compared to pantothenic acid. 
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Whereas the response of A. suboxydans to PAC (see Figure 

II) is nearly linear, comparative curves with pantothenic 

acid are distinctly sigmoidal in shape after 72 hours when 

optimum growth has been obtained. It has been considered 

essential therefore to relate all PAC values to a single. 

sample of a concentrate, in this case #801. 

A typical 48 hour growth curve of Â. suboxydans, 

measuring the response to PAC concentrate #801 and to 

pantothenic acid is shown in Figure II. 

Results 

The average apparent conjugete activity found in the 

various tissues is recorded in Table II. 

Further determinations of the free pantothenic acid 

and pantothenic acid after papain end takadiastase digest- 

ion were made by the method of Hoag et al., using . .Arabino-. 

as the assay organism (3). These results, which 

evaluate only the free vitamin before and after digestion 

with these enzymes, are recorded in Table III and IV, 

respectively. 

In order to determine the amount of PAC present in 

the stock solution, it was subjected to tungstic acid pre- 

cipitation with the Folin-Wu reagent to remove the proteins. 

The filtrate was then dialyzed in order to remove 
the 
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TABI II 

TOTAL CONJUGATE ACTIVITY IN 

GROUP A RAT TISSUES 

Pantothenic Relative 
Tissue Control acid deficient activity 

mg./gm. per cent 

Brain 14.3 10.5 73.5 

Muscle 8.2 4.8 58.5 

Heart 12.5 8.4 67.0 

Kidney 25.6 17.8 69.5 

Liver 31.3 17.2 55.0 

* Mg. of #801 activity per gran of tissue. 

TABLE III 

FREE PANTO TRENI C AC ID CONTENT IN 

GROUP A RAT TISSUES 

Pantothenic Relative 
Tissue Control acid deficient activity 

''/gm. Y/gni. per cent 

Brain 8.1 3.0 37.0 

Muscle 6.8 0.49 7.2 

Heart 150 5.2 34.6 

Kidney 43.0 22.0 51.5 

Liver 25.0 22.0 80.0 



::::::!!! 
1 IlflUI!4..I.u.I3.%._.flUSs .W. 4'u(.WI*.U'UUS.II.., 11u 
!! I Pr.' 'i - usi u..... u..- .. - i...... u.... 
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TABLE IV 

PANTOTHENiC ACID CONTENT AFTER ENZYMATIC DIGESTION 

OF GROUP A RAT TISSUES 

Pantothenic Relative 
Tissue Control acid deficient activity 

1/gm. 1/gm. per cent 

BraIn 10.3 4.5 43.5 

Muscle 9.5 1.2 12.6 

Heart 19.0 8.1 42.5 

Kidney 48.0 33.0 69.0 

Liver 32.0 20.0 62.5 

TABLE V 

TOTAL CONTUGATE ACTIVITY IN GROUP A 

RAT TISSUES AYIER DIALYSIS 

Tissue Control 

mg . /gm. * 

Muscle none 

Liver 2.0 

Pantothenic Relative 
acid eficient activity 

rng./gm. per cent 

none -- -- 

1.7 84.5 

* Mg. of #801 activity per gram of tissue. 
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tungstic acid and the dialyzable forms of the vitamin other 

than PAC. For this treatment only the four 1arer samples 

could be used; namely, the mi. ele and liver (control and 

pantothenic acid deficient). 

Twenty-five milliliters or stock solution were treated 

with 2 ml. of 10% aqueous sodium tungstate solution and 

added 2 ml. of 2/3 N HSO4 dropwise with vigorous stirring. 

This mixture was allowed to stand for 10 minutes and then 

filtered. The filtrate was transferred to a cellophane bag 

and dialyzed in cold running distilled water for 24 hours. 

.At the end of this period the volume was found to have in- 

creased somewhat over the starting volume so that after 

washing the cellophane bag the concentration for both muscle 

and liver was equivalent to 37.4 milligrams of original 

tissue per milliliters of solution. This solution was used 

directly to determine the A. suboxydans activity. om 

this lt was found that the PAC activity was absent in the 

muscle samples. However, the liver samples, both control 

and pantothenic acid deficient, did possess significant 

residual activity. Moreover, the pantothenic acid deficient 

liver gave significantly, although not greatly lower values 

than the control liver. The data are recorded in. Table V. 



Glutamic cid Deficiency Experiment 

The second part of this thesis deals with the study 

of the level of total conjugate activity in the tissues of 

the Evans-Long rats as effected by glutamic acid defi- 

clency. 

The rats in this group (which shall be referred to as 

Group B) were taken froni a single litter and consisted of 

six rats. Of these, two were used as control and four as 

the experimental (glutamic acid deficient). t the begin- 

ning of the experiment the average weight per rat in both 

groups was 40 grams. The average weight gains recorded as 

grams !..' number of weeks (seven days interval) are plotted 

In Figure III. The feeding was continued for 55 days and 

the animals sacrificed at the end of this period. The 

care, dissection, preparation of stock sample solutions, 

and the technique involved in assaying, save for the diet 

and a few minor points which shall be indicated later, were 

identical in all respects as those of Group A. The 

analyses carried out in this group were not so complete in 

that À. suboxydans activity was not tested after tungatic 

acid and dialysis treatment. The samples were much smaller 

and the chief interest was focused upon the total À. 

suboxydans activity. 

The diet used for Group B was constructed of purified 

ingredients with the exception of cod liver oil and corn 
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oil (iviazola). As compared to the diets used for Group A, 

the casein used in the diet of the Group A animals was re- 

placed here by amino acids, but all other constituents of 

both diets were identical. Equal quantities of each were 

used in both diets, except that the experimental diet for 

Group B contained no glutamic acid. No effort was made to 

replace this amino acid by other nitrogen sources. The 

comoosition of the amino acid mixture is listed in Table VI. 

R e sul ! 

The .. suboxydans activity is recorded in Table VII. 

Free pantothenic acid and pantothenic acid after 

enzyme digestion is recorded in Tables VII and IX, 

respectively. 



TABLE VI 

COMPOSITION OF AI'1INO ACID MIXTURE 

IN GROUP B RAT DIET 

Amino acid 

Glycine 

.Alenine 

Serine 

Val me 

Leuc me 

Isoleucine 

Cystine 

Methionine 

Thre onine 

Tryptophane 

Aspartlo acid 

Glutamic ac1d 

Lysine 

Proline 

Histidine 

Arginine 

Tyrosine 

Phenylalanine 

Sodium Bicarbonate 

* Denote a dl-mixture 

+ Used only in control diet 

Grams per 
kilogram 
or diet 

1.0 

, t.* 
t lu 

., 

20 .0* 

24.0* 

16.0* 

2.0 

8.0* 

14.0* 

A lu 

2.0 

20.0 

30 O * 

2.0 

9.5 

6.0 

5.0 

5.0 

17.5 

21 
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TABLE VII 

TOTAL CONJUGATE ACTIVITY IN 

GROUP B RAT TISSUES 

Glutamic Relative 
Tissue Control acid deficient activity 

mg./gm.* mg/gm. per cent 

Brain 17.3 15.6 90.2 

iviuscie 15.8 15.7 99.5 

Heart 15.0 11.3 75.4 

Kidney 17.8 16.0 89.8 

Liver 20.0 15.3 76.5 

* Mg. of #801 activity per grain of tissue. 

TABLE VIII 

FREE PANTOTHENIC ACID CONTENT IN 

GROUP B RAT TISSUES 

Glutamic Relative 
Tissue Control acid deficient activity 

7/gm. 7/gm. per cent 

Brain 6.1 6.6 108.0 

Muscle 5.6 5.4 96.5 

Heart 10.2 10.9 107.0 

Kidney 37.4 38.0 101.0 

Liver 47.0 41.5 88.5 
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TABLE IX 

PANTOTINIC ACID CONTENT AFTER ENZÂTIC 

DIGESTION OF GROUP B RAT TISSUES 

Glutamic Relative 
Tissue Control acid deficient activity 

7/gm. 1/gm. per cent 

Brain 8.9 7.3 82.0 

Muscle 6.8 5.4 79.4 

Heart 12.9 12.2 94,5 

Kidney 43.7 38.7 88.7 

Liver 49.0 43.0 87.8 
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SECTION III 

DICUSION 

From the data presented in Table VII it is evident 

that there is a decided decrease of total conjugate activ- 

ity in the pantothenic acid deficient animals as compared 

to that of the control. It can be concluded that a lack 

of the vitamin reduces the level of the conjugates in the 

tissues. 

Figure 1 shows that at the time of sacrificing the ex- 

perimental rats weighed 23% less than the control. This 

value is of great significance in view of the fact that the 

only difference in the diet of the two groups was the pre- 

sence or the absence of 200 milLigrams of calcium pantothe- 

nate per kilogram of diet. This would mean that at the 

end of the experiment the pantothenic acid was sufficiently 

depleted in the system of the experimental rets so as to 

hamper the growth otherwise capable. Since A. 

activity of the experimental as compared to the control 

group was from 55-73%, it appears likely that the growth 

of the animal is dependent upon the formation of conjugate 

forms of the vitamin within the tissues. The decrease is 

in some way connected with the inability of the deficient 

animals to acquire normal growth. Whether such mechanism 

is direct or indirect is unknown and is, of course, beyond 
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the scope of this thesis. 
The drop in . suboxydans activity was greatest in the 

liver, whereas the amount lost in the brain was relatively 
smaller. This may indicate a greater dependency of brain 

tissue upon this vitamin, or that the liver normally stores 
small amounts of the conjugates. Such storage is obviously 

very small compared to the storage facility of this organ 

for other vitamins. Free pantothenic acid, on the other 

hand (that portion which is extractable by hot water) Is 

greatly reduced in the experimental animals especially in 

the heart, brain, and muscle. It would appear that the 

deficient animal is securing a more efficient utilization 
of the body stores of this vitamin in the conjugated fornas. 

Moreover, this observation suggests that the free vitamin 

er se is relatively uniniportant In the animal's inetabo- 

lisni, and that the activity of pantothenic acid is mani- 

fested through its bound forms. This Idea has been sug- 

gested previously for several other vitamins, as well as 

for pantothenic acid (26). The results obtained with L. 

arabinosus after enzyme digestion have in the past been 

assumed to account for the bulk, if not for all of the 

vitamin in tissues. That this is not true is strongly in- 

dicated not only by the fact that this treatment and assay 

fails to account for more than a few percent of the 
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A. suboxydans activity in heart muscle (9), but also by 

the observation (Tables II and Iv) that the content of 

the enzyme digestible pantothenic acid is relatively less 

in pantothenic acid deficient animals than is the À. 

suboxydans active material. The enzyme digestible pan- 

tothenic acid thus appears to resemble more nearly the 

"free" hot water extractable pantothenic acid. 

The results obtained upon dialysis are relatively 

incomplete due to the small amounts of sample available 

other than of muscle and liver. The conjugate activity 

disappeared completely from the muscle, and was greatly 

reduced in liver. The very low values may in part be due 

to degradation of non-dialyzable material into smaller 

units. However, the residual activity in liver indicates 

that two or more substances are present, one of which is 

RAG or a closely related material. The drop in PAG 

activity in the experimental animals indicates that this 

coniugate, like the others present, is affected by the 

dietary level of the vitamin. 

The results of Table VII indicate that there is only 

a slight difference in the total conjugate activities of 

control and glutaniic acid deficient animals. It can be 

concluded that dietary glutamic acid deficiency does not 

interfere with the formation of A. suboxydans active sub- 

stances. 
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The interpretation of smaller weight gains among the 

experimental anirnals is difficult in that the amino acid 

in question can to a certain extent be manufactured by the 

animals. However, if it is assumed that glutamic acid is 

a Part of the PAC molecule or is otherwise necessary for 

its formation, a possible explanation can be that the in- 

ternally synthesized glutamic acid is allocated with 

priority to pantothenic acid conjugate formation rather 

than for general rotein synthesis. 



SECTION IV 

SUW1LARY 

1. A study was conducted to determine the influence 

of pantothenic and glutamic acid on the level of 

total conjugate activity in various rat tissues. 

2. The lack of pantothenic acid in the diet resulted 

in conjugate contents averaging only 55-73% of 

those in the control animals, 

3. Pantothenic acid deficient animals appear to secure 

niore efficient utilization of the body store of 

thìs vitamin in conjugate forms. 

4. A small but definite amount of non-dialyzable 

substance possessing conjugate activity (P.àC) was 

found in the liver. 

5. Glutamic acid deficiency showed no appreciable 

decrease in total conjugate activity in the rat 

tissues as compared to Its control. 
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