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ABSTRACT

An adenineless yeast strain of Saccharomyces cerevisiae was 
grown with supplements of histidine and methionine to determine the 
effect of these amino acids on endogenous purine synthesis0 Glycine- 

2-^^C and labeled formate were used in the presence of histidine 
and methionine to determine their effect upon the synthesis of 

adenpsyImethionine, adenosyThomocysteine, and ribonucleic acid adenineo
14 • .The results indicated that glycine-2- C was incorporated immediately

' 14into the purine imidazole ring, before the incorporation of C-labeled 

formateo  ̂;



INTRODUCTION

The formation of histidine is closely related to pentose and 
purine metabolism (2, 13, 14). Histidine biosynthesis has been studied 

in Salmonella typhimurium (3, 24), in Neurospora (1), and in other 
microorganisms (15). From these investigations, the pathway of histi
dine biosynthesis can be shown to be interrelated with purine metabo- . 
lism.

In Salmonella typhimurium a series of ten enzymes (24) converts 

the 5-carbon chain of phosphoribosylpyrophosphate to the 5-carbon chain 
of histidine. There are no branches giving rise to metabolites other 
than aminoimidazolecarboxamide ribonucleotide, which is cycled back to 
reform the purine ribonucleotides. The structural genes controlling 

the synthesis of the enzymes are closely arranged in a cluster on the 

chromosome. The first enzyme, which catalyzes the reaction of phospho
ribosylpyrophosphate with adenosine triphosphate (ATP), is inhibited by 
histidine by a feedback mechanism. In Neurospora, which has an identi

cal pathway, the relations of the genes controlling the enzymes are 

different. , Kloptowski, Luzzati, and Slonimski (TO) presented evidence 
that histidine biosynthesis in-yeast involved some of the same reac
tions as those in Salmonella and Neurospora. .Fink (6) has shown that 
the genes controlling histidine biosynthesis Ta Saccharomyces cerevisiae 

are essentially identical with those found in Neurospora, but differ 

from those of Salmonella. The.most important difference in the genetic



relationships is that the genes controlling the histidine enzymes are 
randomly distributed in Neurospora and Saccharomyces cerevisiae as com
pared with the close linkage of these characters in Salmonella,

DiCarlo9 Schultz, and Fisher (4) demonstrated that in Saccharo

myces cerevisiae histidine is eliminated as a major contributor of 

nitrogen to the purines0 . An organism which can degrade histidine to 
formate (e0go:, Pseudomonas fluorescens) can utilize the 2-carbon of 
histidine for the synthesis of purines (18); one which forms formamide

(eogo, Aerobacter aerogenes) cannot (18), The unequal utilization of
■ ■ ' ; ' ■ . ■ - : ' : " ■ ; histidine carbon for formation of the Cg position of purines was de

fended on the basis of similar findings by Koch (11) and Paterson and 
Zbarsky (16), who reported that the distribution of formate and glycine 

depended upon the initial concentration of the precursors.
The question of the participation of methionine in purine syn

thesis remains to be clarified (14), Methionine may contribute 

units, particularly in microorganisms. Few, if any, direct references 

as to the contribution of the methyl carbon of methionine are available. 
However, several indirect implications may be found. In Escherichia 

coli and other organisms possessing an active formic hydrogenlyase, 

formate is rapidly converted to carbon dioxide and a considerable por
tion of the total formate may be recovered in the of purines (12,
19), Thus, a C donor such as methionine, which may contribute to the 

formation of formyltetrahydrofolic acid without going through a free 

formate stage,'would represent more efficient donors than formate 

itself. In systems which do not.readily degrade formate, conversion, of



free formate to formyltetrahydrofolic acid represents the most direct 

source of units for purine formation. Methionine may be a source of 
the one-carbon unit for positions 2 and 8 (14).

Nitrogen-labeled glycine, but not histidine, was found by 

DiCarlo et al. (4) to be utilized for purine and pyrimidine synthesis 
by Torulopsis utilis and Saccharomyces cerevisiae, Hansen strain. Ed
monds, Delluva, and Wilson (5) investigated the formation of nucleic

14acid purines and pyrimidines of growing yeast with the aid of C-
14labeled formate and glycine-2- C. Formate was incorporated into posi-

♦

tions 2 and 8 of both guanine and adenine, whereas the methylene C of 

glycine was incorporated into position 5. This is shown in Figure 1.

Aspartate H-N* SC^O-COg
<2 1— I 1

Formate 0=C
3H-N-A

5C— 7NHi Glycine 
1—I 8yC=0 Formate

-4C—r9N  ' >
1 1

Amide-N of 
Glutamine

Figure 1. Precursors of the purine molecule.

Kerr and Chemigoy (8) found that Torulopsis utilis incorporated R e 

labeled formate equally into adenine and guanine and that the distribu-
15 13tion was approximately the same in RNA as in DNA. Using NCH^ COOH 

Sutton, Schlenk, and Workman (23) concluded that Aerobacter aerogenes 

incorporated glycine in toto into both adenine and guanine as indicated 

by equal labeling of the and N^ positions. Potter (17) states that



glycine is incorporated into the purine molecule prior to formate0

Smirnov et al0 (22) describe the isolation and structure of red 
pigment from an.adenine-deficient yeast. Their results suggest that 
red pigment is a mixture of poly (ribosylaminoimidazole) molecules 

varying in molecular weight and containing a number of amino acids, 

including histidine and methionine. Methionine, however, was found in 

a trace amount. Inability of pronase to cause significant changes in 
molecular weight of pigment suggests that amino acids are not part of 

the polymer backbone but rather bound to the poly (ribosylaminoimida
zole) chain by amide bonds with amide groups of imidazole rings.

In this study, the effects of various concentrations of his

tidine and L-methionine are shown on "endogenous purine synthesis, and
■ 14 14thus pigment production. Glycine-2- C and C-labeled formate are

used in the presence of histidine and L-methionine to determine their
effect upon the synthesis of S-adenosyImethionine, S-adenosylhomocys-

teine, and ribonucleic acid adenine, ^



MATERIALS AND METHODS

The strain of Saccharomyces cerevisiae was- an adenine-requiring 

pink mutant (SC-10-80-3-5) originally obtained from Fc PQ Hungate, Gen

eral Electric Company, Richland, Washington, Stock cultures were main
tained by growing the organisms on glucose-yeast extract-agar slants 

for 48 hours at 25 C and storing them at 4 C until needed0 The cul
tures were renewed every 30 days0

Experimental growth of the yeast was achieved- with the synthe

tic medium detailed by Roman (20) 0 The medium was prepared without 
L-methionine or a purine supplement, adjusted to pH 5*8, and dispensed 

as 100’-ml portions into 500-ml Erlenmeyer flasks0 The flasks were 

stoppered with cotton plugs and autoelaved for 15 min0 at 121.CV 

Requisite amounts of supplements in sterile solutions were added to the 

appropriate flasks just prior to inoculation0
The yeast inoculum was prepared by washing the organisms from a 

slant into Roman?s medium supplemented with 4 umoles of adenine and 

incubated for 24 hours at 25 C on a New Brunswick Gyrotary Shaker* The 

resulting cell suspension was transferred directly to four similarly 

prepared flasks which were incubated for 48 hours while shaking at 25 C0 

Resulting cells.were harvested by centrifugation at_/2p00 x g, washed 

~ once with cold sterile physiological saline (0*15 M sodium chloride) 

and resuspended in an amount of saline that would yield a suspension 

containing about 6 mg of cells (dry weight) per ml* The weight of



cells was estimated turbidimetrically with a Bausch and Lomb 

Spectronic-20 colorimeter at 540 mu with the use of previously prepared 
standard curves0 A 1-ml amount of this suspension was inoculated into 
flasks containing the test medium*

The adenineless yeast strain was grown in flasks containing 4 
umoles of adenine plus no L”methionineg 6 umoles of L-methionine9 400 • 
umoles of L-methionine, and in flasks containing the same amounts of 
L-methionine but no adenine* The yeast was also grown in flasks con

taining 4 umoles of adenine plus no histidine, 5 mg of his tine,. 10 mg 

of histidine, 20 mg of histidine, and in flasks containing the same 

amounts of histidine, but no adenine0 The initial appearance of the 
pigment was noted, and dry weights of the cells were determined0; The 
optical density was determined on the Bausch and Lomb Spectronic-20 

colorimeter at 540 mu* Pigment optical density was determined at 720

mu. ..' ■ / 7  ' ■:>. ■

- Radioactive uptake studies were conducted as described by 

Yall et aio (25)0 Cells were incubated for 48 hours with shaking at 
25 Co Radioactivity of sodium formate-^c and glycine-2-^ C  was meas
ured in a Packard Tri-Carb Liquid Scintillation Counting System, model 

314 EX-2o Duplicate portions of each sample (0*1 ml) were dispensed 
in low potassium, glass-containing vials containing 10 ml of 2,5-bis- 

58-t-butyl benzoxazolyl (2*) -thiophene (BBOT) scintillation mixturee 
The mixture contained BBOT, 4 g; ethylene glycol (monomethyl ether),

400 ml; naphthalene,''"80 g; and toluene, 600 ml0 The BBOT was obtained 

from Packard Instrument Company, Inc*, Downers Grove, Illinois* The



other chemicals were reagent grade and obtained from various distribu- . 
torso Corrections for quenching caused by acid or color in the system 
were made by applying the correction factor of Kinnory et al0 (9)„

Total activities of S-adenosylmethionine (S-AM) 9 S-adenosyl- 
hombcysteine (S-AH), and ribonucleic acid (RNA) adenine were determined0 
Cells were grown with sodium formate-^^C and with glycine-Z-^^C*

Methods for the analysis and preparation of S-AM and S-AH are described 

by Shapiro and Ehninger (21)0 The cells were extracted with cold per
chloric acid for 12 to 24 hours<, S-AH and RNA were eluted from a Dowex 

50 sodium column with 0*1 molar (M) sodium chloride (NaCl) 0 The S-AM 

was retainedo Six normal (N) hydrochloric acid (HC1) eluted the.sul- 

fonium compound* After the 0o1 M NaCl eluate was acidified to 5 N with 

6 N NCI, a Dowex 50 hydrogen column was used0 The 0o5 N and 1 N HC1 

eluted RNA from this column0 Six normal HC1 eluted S-AH, The 0*5 N 

and 1 N fractions were hydrolyzed at 78 C for 2 to 3 hours0 Adenine 

was extracted with 3 N HC1 from the Dowex 50 hydrogen column0



RESULTS

Table 1 indicates the effect of no L-methionine, 6 nmoles of 
L-methionine9 and 400 nmoles of L-methionine on the growth and pigment 
production in the adenineless yeast strain0 The cells were grown with 
4 nmoles of addnine0 The cells grew faster with no methionine in the 
mediumo Methionine does stimulate pigment productiond ”Excess” 

methionine (400 nmoles) has the same effect as "normal” methionine 

(6 nmoles) o No histidine was added to the growth medium*

Table 2 shows the effect on the adenineless yeast strain when 
grown in the absence of adenine0 "Normal" and "excess" amounts of 

L-methionine were added as supplements0 Cell growth and pigment pro- . 
duction were minimal due to lack of adenine0

Table 3 demonstrates the effect of no histidine, 5 mg of his

tidine, 10 mg of histidine, and 20 mg of histidine on the growth and 
pigment production in the adenineless yeast strain* The yeast grows 

slower when 10 mg and 20 mg of histidine are added as supplements. 

However, the ultimate growth is not affected. Increasing amounts of 

histidine affect pigment production, and thus purine synthesis, A 

threshold is reached with 10 mg of histidine.

Table 4 indicates the effect of the absence of adenine on the 

adenineless yeast strain in the growth medium. Five mg of histidine, 

^.10 mg of histidine, and 20 mg of histidine were added as supplements. 

Cell growth and pigment production were minimal due to lack of adenine,

. ' • : ■ ■. ;■ : . ; ; • ' ■ 8 ;■ : - - : ;



Table 1„ Effect of increasing concentrations of L-meth'ionine on growth- 
and production of pigment in an adenineless yeast strain.3

Quantity
of

L-methionine
Time
hr

Optical
Density
mu

Dry Weight 
mg

Pigment
Optical
Density

mu.

0 umoles 22 0.45 ' 45 0.18
26 0.50 50 0.30
29 0.65 65 0.47
32 0.90 ' 90 . 0.70

6 umoles 22 0.37 37 0.32

26 0.43 43: • 0.68

48 0.80 80 0.78

400 umoles 22 0.37 . 37 0.30

26 0.60 60 0.71

48 0.85 85 0.80

a. Cells were grown with shaking for a maximum of 48 hr at 
25 C in the presence of 4 umoles of adenine.
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Table 20 Effect of adenine depletion on an adenineless yeast strain 
when grown in varying concentrations of L~:methionineba

Quantity
of

L-methionine
Time
hr

Optical 
Density - 
mu

Dry. Weight 
mg

Pigment 
Optical 
Dens ity 
mu

6 umoles 30 0.10 10 0.17
36 0.10 10 0.17
48 0.12 ; 12 0.17
60 0.16 16 ^0.17

400 umoles 24 0.10 10 0.17

48 0.12 12 0.17

60 0.12 12 0.17

a0 Cells were grown with shaking for 60 hr at 25 C in the 
absence of exogenous adenine0
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Table 3, Effect of increasing concentrations of histidine on growth 
and production of pigment in an adenineless yeast strain,a

Quantity
of

Histidine
Time
hr

Optical 
Density, 
mu

Dry Weight .• 
mg

Pigment
Optical
Density
mu

0 mg 22 . 0,45 45 0,18
26 ' 0,50 50 0,30

29 0,65 65 '; r 0,47
■ 32. 0,90 90 '. : 0,70%

5 mg 36 0,40 ' 40 0,17

40 0,70. 70 0,46

44 1,00 100 0,71

10 mg 60 1,00 100 0,17

66 —  1,40 140 0,30

' 72 1,40 140 0,30

’ 20 mg / 60 '■ 1,00 100 • 0,17

66 1,20 120 ; 0,30

72 1,20 120 0,31

a. Cells:were grown with shaking for a maximum of 72 hr at 
25 C in . the presence of 4 umoles of adenine„ \
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Table 40 Effect of adenine depletion on an adenineless yeast strain ' 
when grown in various concentrations of histidine0a

Quantity
of

Histidine
Time
hr

Optical 
Density• 
mu

Dry Weight 
mg

Pigment 
Optical 
Dens i ty 
mu

5 mg 3-6 0.18 18 0.18
40 0.20 20 0.31

44 0.20
20

0.46

- 10 mg 36 0.18 18 0.17

40 . 0.20 20 0.30

48 0.21 21 0.30

20 mg : 36:-: 0.17 : 17 0.17

40 " 0.19 19 0.30

48 0.19 19 0.30

a0 Cells were grown with shaking for a maximum of 48 hr at 
25 C in the absence of exogenous adenine0
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Figure 2 shows the percent uptake of sodium formate-^C into 
cells grown with various supplements in the presence of adenine. Dur
ing the early stages of growth, L-methionine stimulated the uptake of 

14sodium formate- C. Six umoles of L-methionine stimulated the uptake
more than 400 umoles of L-methionine. ’ With increasing amounts of his-

14tidine, the uptake of sodium formate- C was inhibited.

Figure 3 depicts the same experiment, except that adenine was 
not added as a supplement. Thus, cell growth was greatly reduced. Six 

umoles of L-methionine did stimulate the uptake of sodium formate-^C 
more than 400 umoles, during the early stages of growth. Increasing 

amounts of histidine inhibited uptake.
14Figure 4 illustrates the percent uptake of glycine-2- C into

cells grown with various supplements in the presence of adenine. L-
14Methionine stimulated the uptake of glycine-2- C. Six umoles of
14L-methionine stimulated the uptake of glycine-2- C more than 400

umoles. With increasing amounts of histidine, uptake was inhibited.

Figure 5 shows the same experiment, except that no adenine was
added. Cell growth was greatly reduced. Six umoles of L-methionine

14stimulated uptake of glycine-2- C more than 400 umoles. Increasing

amounts of histidine inhibited uptake.

Table 5 shows the total activity of S-AM, S-AH, and RNA adenine
14isolated from cells grown with glycine-2- C. The total activities 

show that with increasing concentrations of histidine, incorporation of 

radioactivity from glycine into S-AM, S-AIJ, and RNA adenine are corre

spondingly inhibited. There is a larger amount of radioactivity found
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Figure 2. Percent uptake of sodium formate-^C into cells grown with 
increasing amounts of L-methionine and histidine as sup
plements - shaking for 48 hr at 25 C in presence of 4 
umoles of adenine.

x-x 6 umoles L-methionine 
.0-0. 400 umoles L-methionine 
A-A 0 mg histidine

•-e 5 mg histidine
&-A 10 mg histidine 
d -d  20 mg histidine
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14Figure 3. Percent uptake of sodium formate- C into cells grown with 
increasing amounts of L-methionine and histidine as sup
plements - shaking for 48 hr at 25 C in the absence of 
exogenous adenine.

x-x 6 umoles L-me thionine ©-© 5 mg histidine
o-o 400 umoles L-methionine 6 6 10 mg histidine
A-A 0 mg histidine o-o 20 mg histidine
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Figure 4. Percent uptake of glycine-2- C into cells grown with in
creasing amounts of L-methionine and histidine as supple
ments - shaking for 48 hr at 25 C in the presence of
4 umoles of adenine.

x-x 6 umoles L-methionine e-o 5 mg histidine
o-o 400 umoles L-methionine 10 mg histidine

& 0 mg histidine td-d 20 mg histidine
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Figure 5. Percent uptake of glycine-2-^C into cells grown with 
increasing amounts of L-methionine and histidine as 
supplements - shaking for 48 hr at 25 C in the absence 
of exogenous adenine.

x— x. 6 umoles L-me thionine ®-o 5 mg histidine
o-o 400 umoles L-methionine a -a 10 mg histidine
A-A 0 mg histidine o-n 20 mg histidine



■■ ,-x ' '  ' t a  a5 Table 56 Total activity of S=AM, S-̂ AHg. and RNA :adenine isolated from cells grown with glycine-2^ ,C»

Number. of umoles of Total Activity of
Supplements Quantity 7<> Up take 

of Label S-AM S-AH RNA
Adenine ' S-AM S-AH RNA

Adenine

histidine
adenine

. 0 mg
4 umoles

60 0.11 0.13 0.13 4636 15522 19501

histidine

adenine

10 mg 

4 umoles
49 0.10 0.11 0.11 3259 10301 14080

histidine

adenine

20 mg 

4 umoles
0.10 0.07 0.10 2770 5071 8944

methionine

adenine

' . -1 .6 umoles

; -; ■: ! 4 umoles ■
0.18 0.20 0.18 7787 18179 19856

methionine • 

adenine .

400 umoles 

4 umoles
■ 72 0.54 0.17 0.15 . 5195 16942 7651

a„ Average radioactivity introduced was one million counts/min. Cells were grown with
shaking for 48 hr at 25 C„



in RNA adenine than in S~AM or S-AH0 This may indicate that glycine is 

incorporated immediately into the purine imidazole ringo A normal 
amount of L-methionine stimulates the formation of S-AM„ S-AH, and RNA 

adenineo With 400 umoles of L-methionine added as a supplement, there 
is no stimulation of the formation of 'RNA adenine0 A large amount of 
S-AM is formed, however0 In all cases, except the supplement of 400 
umoles methionine, the radioactivity of S-AM. is about 20% to 33% that 

of RNA adenineo Glycine, therefore, does not affect the formation of 
RNA adenine from S-AM0

Table 6 shows the total activity of S-AM, S-AH, and RNA adenine
14isolated from organisms when grown with sodium formate- G0 With in

creasing concentrations of histidine, incorporation of radioactivity 
from formate into S-AM, S-AH, and RNA adenine are correspondingly in

hibited, The radioactivity found in RNA adenine is smaller than that 

found in S-AM or S-AH, In all cases, except the supplement of 400 

umoles of methionine, the total activities of S-AM and S-AH are about 

the same. Thus, formate has the same, effect upon their 'formation, A 
large quantity of S-AM was formed when 400 umoles was added as a sup

plement, Its total activity Is high. Since one of the constituents of 

S-AM is methionine, it is understandable that 400 umoles of methionine
should stimulate its formation. Since its total activity is high, a

' ■ • ' 14 ; . - • V ■ :large amount of sodium formate- G was used in its synthesis.

Table 7 shows the total activity of S-AM, S-AH, and RNA adenine 

isolated from cells that were grown with glycine-2-^C, in the presence 

of histidine and methionine. With an increase in concentration of



Table 6, Total activity of S-AM, S=AH, and RNA adenine isolated from organisms when grown with
> V  sodium formate-^^C„a

% Uptake 
. of Label

Number of umoles of Total Activity of
Supplements Quantity S-AM . S-AH RNA

Adenine : S-AM : S-AH RNA
Adenine

histidine

adenine

0 mg 

i 4 umoles
87 0.15 0.16 0.07 30388 29066 4974

histidine

adenine

i -
.,• 5 mg-'
. 4 umoles

: ' .75 ;v. . 0.14 0.13 0,06 26394 25998 . V 3214 v

histidine

adenine

10 mg 

i 4 umoles
72 ! 0.13 0.11 0.05 22857 22213 2009

methionine 

adenine ,

■ 6 umoles 

4 umoles
: . 82 ' " 0.17 0.17 0,10 39300 35938 8508

methionine

adenine

400 umoles 
4 umoles

0.63 0.16 0.09 . 77440 33715 4741

ao Average radioactivity introduced was 900,000 counts/min., Cells were grown with shaking
for 48 hr at 25 C.



Table 7« Total'activity of S->AM? S-AH, and RNA adenine isolated from cells grown with g l y c i n e - 2 - .
and L-methionine 0 a

Supplements Quantity
Number of umoles of Total Activity of

S-AM S-AH RNA
Adenine S-AM S-AH RNA

Adenine

histidine 10 mg
methionine 6 umoles 0.11 . 0.14 0.14 3110 ; 7883 8542
adenine 4 umoles

histidine 10 mg
methionine 400 umoles 0.17 6034 8460 / 10058 r
adenine 4 umoles '

histidine . 20 mg
methionine 6 umoles . 0.10 0.07 0.05 ; 1808 3085 3281 :
adenine 4 umoles ,

histidine , 20 mg '
methionine 400 umoles 0.69 0.04 0.04 2147 1765 2296
adenine 4 umoles

a 0 Average radioactivity introduced was one million counts/min0. Cells were grown with
shaking for 48 hr at 25 C„



' -  - - -: -- "  ̂ ", 22' 
histidine9 the formation of S-AM9 S-AH9 and UNA adenine is inhibited 0 
In the presence of "excess" methidnine9 a large amount of S.-AM is 

formed; there may be some histidine effect upon its formatione There 
is a larger amount of radioactivity found in RNA adenine than in S.-AM 

or S-AH0 However9 the difference in amount is not as great as that 

shown in Table 5Q This seems to indicate that when histidine and 
methionine are both present as supplements9 histidine greatly inhibits 
the uptake of glycine-2- C into RNA adenine0 In the presence of 10 

mg of histidine9 an "excess" amount'of"methionine stimulates the for

mation of S-AM9 S-AH9 and RNA.adenineo In the presence of 20 mg of 
histidine and "excess" methionine,, the formation of S-AH and RNA 
adenine is inhibited* The large amount of S-AM9 in this instance9 

comes from "excess" methionine*



DISCUSSION

Moyed and Magasanik (15) have shown that the biosynthesis of 
the imidazole ring of histidine occurs from adenosine triphosphate 
(ATP), ribose-5-phosphate (R-5-P), and glutamine. The products of the 

reaction are imidazole glycerol phosphate (IGP) and 5-amino 4-imidazol- 

carboxamide ribotide (AICAR). They have suggested that the reaction 
takes place in two steps, separable by protamine fractionation. The 
first is the addition of R-5-P to ATP to give ”compound III" of a 

hypothetical structure, and the second is the breakage of the purine 
ring in the presence of glutamine to give AICAR and IGP. The first 

step has been shown to be inhibited by histidine. This is an example 

of a feedback control.

ATP + R-5-P -- 7— "III"  AICAR + IGP1L-histidine inhibition

When the adenineless yeast strain was grown with 10 mg and 20 mg of 
histidine, growth and pigment production were slower (Table 3). How
ever, ultimate growth was not affected because 4 umoles of adenine were 

also added as a supplement. Gots (7) investigated the mechanism where

by a purine-requiring mutant which accumulates AICAR ceased to accumu

late this intermediate when purines were added. When the adenineless 

yeast strain was grown in the absence of adenine, cell growth and 
pigment production were minimal (Table 4).

23
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y This inhibitory effect was also demonstrated in the radioactive 

uptake studies of sodium formate- C and glycine-2- C from the super
natant fluid (Figures 3, 4, 59 and 6)0 With increasing amounts of 

histidine, the uptake of radioactive formate and glycine was correspond
ingly inhibitedo Total activities of S-AM, S-AH, and RNA adenine, when 
grown with radioactive formate and glycine, showed an increase in inhi

bition when increasing concentrations of histidine were added as 
supplements (Tables 5, 6, and 7)0

Methionine stimulates purine synthesis by contributing CL units0 
It may be a source of the one-carbon unit for positions 2 and 8 (14)„ 

When the adenineless yeast strain was grown with "normal" and "excess" 
amounts of methionine, pigment production was stimulated (Table 1) <>
The uptake of radioactive formate and glycine from the supernatant 

fluid was stimulated when methionine was added as a supplement (Figures 

2, 3, 4, and 5)0 Six umoles of methionine stimulated radioactive up

take more than 400 umoles of methionine0 Total activities of S-AM, 
S-AH,/and^ RNA adenine, when grown with radioactive glycine and formate, 

show a stimulation effect when methionine is added as a supplement 

(Tables 5 and 6)0 The exception is the total activity of RNA adenine 

with "excess" methionine as a supplement0 In this case, much of the 

methionine was used to make: S-AM0 <
V Carbon-labeled formate has been found by Edmonds et al0 (5) to 

be incorporated into positions 2 and 8 of adenine, and glycine-2-^0 

was shown to be incorporated into positions 4 and 50 Table 5 shows 

that,when cells were grown with radioactive glycine, more radioactivity



was found in RNA adenine than in S-AM or S-AH0 This is the same pat

tern of radioactive uptake as adenine-*^C0 When cells were grown with 

radioactive formate (Table 6)? the opposite effect is shown0 This may 
indicate that glycine is incorporated immediately into the purine imi
dazole ring, before the incorporation of formate0

Table 7 shows the same pattern of radioactive uptake as Table 

5; that is9 more radioactivity is found in RNA adenine than in S-AM or 

S-AHo However, the total activities are lower0 This may indicate an 
inhibition effect by histidine even when in the presence of methionine0

This inhibition by histidine apparently affects the incorporation of
■■■' ^ -  14 - ' - ■■ - ' ‘ ' ■glycine-2- C into S-AM, S-AH, and RNA adenine0 Methionine is not

drawn upon to any great extent for the synthesis of S-AM or S-AH,

Table 5 shows that in all cases, except the supplement of 400
umoles of methionine, the radioactivity of S-AM: is about 20% to 33%

that of RNA adenineo Glycine, therefore, does not affect the formation 

of RNA adenine from S-AM0 In all cases, except the supplement of 400
umoles of methionine, the radioactivity of S-AH is over 70% that of RNA

adenineo This suggests that glycine does affect the formation of ade
nine from S-AHo The S-AH is .degraded to. S-ribosylhomocysteine (S-RH) 

and adenineo In the presence of excess methionine, glycine does not 

affect the formation of RNA adenine from S-AM or S-AH0 Much of the 

methionine is used to make S-AM, and much of the radioactivity is 

shunted into making S-AHo . " •• •>..
Table 6 shows that in all cases, except the total activity of. 

S-AM with the supplement of 400 umoles of methionine, - the radioactivity
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of RNA adenine is about 8% to 21% that of S-AM or S-AH0 If formate is 
incorporated into RNA adenine after glycine, the immediate formation of 
RNA adenine may come from either the, S-AM or the S-AH* S-Adenosyl- 
methionine is demethylated to form S~AH0 S-Adenosylhomocysteine is 
degraded to form S-RH and adenine. In the presence of excess methio
nine 9 a great, amount of radioactivity is found in S-AM, This was be

cause a rather large amount of S-AM was made and its specific activity 

was higho This indicates that a large amount of formate was used to 
make S-AM0 ^

Table. 7 shows that in all cases, except the supplement of 400 
nmoles of methionine, the radioactivity of S-AM is about 35% to 60% 
that of RNA adenine0 In all instances, the radioactivity of S-AH is 

about 77% to 95% that of RNA adenine0 Since these percentages are 
high, this may indicate that glycine affects the formation of RNA 

adenine from S-AM and S-AH0 The total activity of S-AM in the pres

ence of 400 umples of methionine is high0 This is because much S-AM 
was formed; there may be some histidine effect upon its formation0 

Elucidation of the mechanism of histidine biosynthesis and 

degradation in microorganisms provides a basis for the explanation of 

the relationship of histidine to purine synthesis0 If histidine coh^ 

tributes to the Cg position of purines (and possibly to C^) and purines 
contribute to the N^-C^ of the imidazole ring of histidine, then it is 
possible for metabolic cycling to occur in both directions under cer

tain conditions (14)0 The precursor pattern may be markedly altered 

by the presence of competing substrates,



SUMMARY

By a feedback mechanism,, histidine inhibits the reaction of 
phosphoribosylpyrophosphate with ATP. . Purine synthesis is inhibited. 
However9 the 2-carbon of histidine can be used, for the synthesis of 
purines. This carbon can be transferred to a purine precursor without 
passing through formate.

' - - ' . ' -  ̂  ̂' ' ' V''.„ Methionine stimulates purine synthesis by contributing 

unitso It may be a source of the one-carbon unit for positions 2 and 
80 A C donor such as methionine, which may contribute to the forma

tion of formy 1 tetrahydrof*olie acid without going through a free formate

stage, would represent more efficient C- donors than formate itself.
14 \Glycine-2- C is incorporated immediately into the purine imi

dazole ring, into positions 4, 5, and 7. Carbon-labeled formate is 
incorporated into positions 2 and 85 it is incorporated after glycine.
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