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ABSTRACT

The following investigations were earrisd cat to study the meta-
bolie route by which Neureapoys gvwaws 1396 aynthesizes pyrimidine
melectides from eliphatic seids 1) & search for coapounds which
supported growth in & manner sisilsr to cartain known PreCUrsors,

2) treser studies with curbonell lsheled compounds to establish
utilisntion of varicus conpounds as pyrimidine precurgors, and 3)
attonpt to demonstrats enzywatiexlly geriain postalated resstions.

Of the rumercus conpounds stadied the following were found to
suppord growth of the mold when sdded to the basel medlum: proplenie,
sorylic, beta= cypropionie, Sets-ureidopropionis, methylmalonie
asids, and dihydrourseil. Aspariic and ureidosuccinic scids, compounds
found to be precursors to pyrimidines in other organisms by Kormberg,
ware found to be inactive. mamm@mwmm
the mold on various supplemente showed that propionate and aminobutyrate
gave similar responses. Bete~ursidepropdonate and dikpdrouracil
requived longer pericds of adaptation before growth began.

‘he yresence of uniabeled propionic acid or amincbutyric acid in
the growth medium depressed significantly the specifis activities of
the pyrimidines formed by the mold in a medium also comtaining uracile
2403, FPropionate-2-C was found to be incorporated relatively
specifically into the pyrimidines of the mold. The purines of the




s experinets ocontained mich lower smounts of carboneli. The presence
of arginine, which inhibited growth of the mold on cexrtain precursors
mch a8 propionate, homomerine, amincbutyrate and uracil, was found to
lead to an increasy in the spscific activity of the pyrimtidine bases
formed by the mold in & medium alsc containing ursell=2.034,

Preliztoary enzymatic studies show the presence of sctivities
sffecting uracil, aminobutymte and bets-alanyl-puntetheins.

On the basis of the resmits & new patismy for the synthesis of
pyrdeddine sonpounds 15 suggested, a pathmay which leads from proplonyl-
Coanzyny A throngh the Coansyms A derivatives of beta-alanine and betaw
ureddopmoplonic aeid to dilpdronridylic acld and £imally to uridinesSte
phosphate.
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INTRODUCTION

The discovery of mucleic acids was made in some investigations
carried out on the muclear material of mus cells by Friedrich Miescher
in 1897. Later nucleic acids were showm to be normal constituents of
all cells and tissues studied. On hydrolysis nuclelc acids were found
to yield purine and pyrimidine bases, as well asz a pentoss sugar, and
rhosphoric acid. Two types of mucleic acid have been found. One of
these contained the purine bases, adenine and guanines the pyrimidine
bases, cytopine and thymine; and a sugar D(~)~deoxyribose. The second
type contained adenine and guanine; the pyrimidine bases, cytosine and
uracily and the sugar, D(~=)-ribose. Both contained phosphoric acid.

Although it is clear that nucleic acids play a fundamental yart in
cellular metabolism, the exact mature is difficult to determine.
Decxyribonucleic acids have been indicated by many indirect lines of
evidence to be the basic genetic material of cells {(1). Ribommeclelc
acid seems to be connected with the process of protein synthesis in the
cell.

Most organisms are able to synthesize nucleic acids from simple
metabolites. The purine and pyrimidine bases are thought to be
incorporated into the rmcleic acids in the form of their mucleotides.
The pathway of parine blosynthesis has been worked out to a large extent
both in mammals and microorganisms. Comparatively little evidence,



however, has been found for a pathway by which pyrimidines are
synthesiaed.

The biosynthesis of pyrimidines from simple precursors was demon-
strated in an experiment by Barmes and Schoenheimer (2) in which N3®
labeled ammonium cim% administered to rats was incorporated into
the pyrimidines of mucleic acids. The investigations of Heinrich and
Wilsen (3) showed that position two of the mucleic acid pyrimidines is
derived from COa in the rat. This finding was confirmed by Lagerkvist (L).

In searching for simple medabolic precursors of the pyrimidine
micleus, Mitchell and Houlahan (5) introduced importent information in
studies of the muitants of HMam, 8 crasse that require uridine for
growth. In these mutants orotic acid was found to accummlate in the
medium duwring growth. For several of these matants uridine could be
replaced by oxaloacetic acid (6). Loring and Pierce (7) found orotic
acid would rerlace pyrimidines as growth factors for certain pyrimldinee
less mutants of N. ¢rassa. Orotic acid is also a growth factor for
Lactobacillus bulpgaricua 093 if €34 labeled orotle acid is provided in
the medium, the isotope appears in uridine~5t~phosphate and cybidine=5t-
phosphate but not in adenine or guanine (8). Reichard (9) had obtained
gimilar resulis earlier in the rat. Orotic acid is used by animal
tissues, since the administration of NS (9) or 034 (10) labeled orotic
aeid to rats leads to appearance of the isotopses in the pyrimidines but
not in the parines.

Wright et al. (8) demonstrated in L. bulgaricus 09 that DL-ureido-
succinic acid was as effective a precursor for the pyrimidines of the



mucleic acids as was orotic acid. Reichard (11.) showed ensymatically
with rat liver mitochondria that aspartic acid in the pressnce of
carbamyl phosphate, adenosine triphosphate and magnesium icn could be
converted to ureidosuceinic acid by mitochondrial fractions and later
he showed labeled aspartic acid to be incorporated into the pyrimidines
(12). The synthesis of ureldosuccinic acid required several steps,

the first being the production of carbamyl phosphate. The method of
formation of this compound was worked cut by Jones, Spector and.Lipmann
{(13). In the second part of the reaction, the carbamyl phosphate transe
ferred its carbamyl group to aspartic acid forming carbamyl-aspartic
acid, often called ureidosuccinic acid. These reactions were demon=
strated to take place in the mitochondrisl fraction. Experiments by
Woods, Ravel and Shive (1L) with L. armbinosus 17-5, which is an aspartic
acid requiring mutant, showed that pyrimidines, as well as threonine
and lysine, could spare the aspartic acid reguirement, indicating the
use of aspartic acid for pyrimidine formation in this organiam. The
precursor relationship of carbamyl aspartic acid to orotic acid was
established in matritional experiments in microorganisms and isotopic
experiments in microorganisms and mammals (8, 11, 12). The conversions
wers shown by Lisberman and Kornberg (15) to require two enzymes, one
which effects the ring closure of carbamyl aspartic acid to dihydro-
orotic acid and the other, a diphosphopyridine nucleeotide requiring
enzyme, which removed two hydrogens from dihydroorotic acid to produce

crotic acid.



" The mechanism for the formation of uridine-5t~phosphate from
oretate hes been olarified by Kornberg and coeworkers (16, 17, 18).
For the first step of the conversion of orotic acid to uridine-5'-
phosphats, Lisbermenn and Kornberg (16) showed that the formation of
Swphosphoribosyl-1-pyriophosphate from adenosine triphosyhate and ribose~
S~phosphate vas required pricr to the formatisn of orotidine-5'~phosphate
fyrom orotate. The enmyme, ovotidylic pyrophoephorylase, which catalyses
this resction, was purified from yeast sutolysdtes and was found to be
epecific for orotic acid. A second enmgyme, orobidylic dmﬁm&nw,
catalysed the decarboxylation of ovdtidine-Stephosphate to form uridine.
5tephosphate (17). In the absence of the orotidylic decarbaxylase,
corotidine-Stephosphate accumlated. The decarbaxylation was found %o
be irreversible. The conversion of wridine-5'-phosphate to oybidine-St-
phosphate was shown by Kormberg (18) to take place at the triphosphate
level and to require adenosine triphosphate and smmenia.

he sequence of reschions suggested by the above experiments is
the generally aceepted petlsay of synthesis of pyrimidine muclectides.
These reactions are shown in schematic fashion in Figure 1.
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Pigare 1. Proposed ratiwey of pyrimidine biosynthesis (18).

COther patlomys of pyrimidine biosynthesis mey assume greater im-
portance under different conditions. In mutant organiams, where the
normal petiway is blocked, an alternate patiway may be utilized for
growth of the organimm. Antimetabolites such as assuracil, G-uracil
methyl sulfone and others (19) are known to prevent growth in tumer
¢olls for a period of time, after which the cells start growing again.




This resistance to the antimetabolite may well arise from the adaptive
utilization of an altemate patinay of uracil production. Investi
gationa of apparently minor, alternate pathways of biogenesis of
necessary compounds may, therefore, have great importance in certain
cases.

One possible ccourremce of such an alternate route was indicated
when Fairley (20) reported the growth of several pyrimidineless K. crassa
mtants on the amino acids, alpha~aminobutyrate and threcnine. In other
axperiments Fairley and Herrmamn (21) demenstrated the utilization of
alpha-sminobutyrate by the matant 1298 of N. crassa for synthesis of
pyrinidines. When aminobutyrate-3-L3¢ wyaz administered to the mold
the labeling ef the pyrimidines formed ranged from one~tenth to one-
fifteenth of the original concentration of radicactivity of the amino-
butyrate supplied. The pyrimidines formed were labsled to a considerably
grester extent than other mycelial constituents; about four times that
of the ribomucleic acid purines and about ten times that of various
‘amim acids. Relsolation of aminebutyrate also showed 3 dilution to
about cne-twentieth of the original concentration of radioasctivity of
amincbutyrate-3-01¢ administered. Therefore synthesis of the amino
acid during growth of the mold could exyplain the dilution when
incorporated into the pyrimidines.

The amincbutyrate was apparently utiliszed by & route differing from
that shown in Figure 1, in that aspartate and ureldosuccinate were ln-
capable of supporting growth.



Avothey altarnate patiomy for pyrimidine synthesis are the re-
actions described by Fink (22), FPritzen (23), Cenellakis (2), Grisolia
(25), and Rutman (26). When urecil was aduinistered to rats, Fink et al.
(22) tsolated frem urine betseamivopropionie seid and beta-carbamyl-
aninopropionis acid. In similar experinents with labeled thymine, beta-
cavbanylasinoischutyric asid and beta-aminolscbutyric acid were
iselated. Friteen (23), Canellakis (2L), Grisclis (25) and Retman (26),
have shown that uracile2«01% i rapidly degraded by a enzyme system of
rab liver to form the end products, COj, NHy, and beta-alanine. The
recuction of urdeil to dihydrouracil depends upon triphosphopyridine
melootide, and is the rate limiting step (24). The components of the
onrbawyl group are releassd sumymatioally after opsning of the ring to
form carbanyl-batavalanine, oftan called beta-ursidomrepionic acid (24).
It i3 quite m&h%ﬁawm&ei%mmmmm@aeda
vativay of blosynthesis independent of orotic acid. The saquenge or
resctions as a degradative pathway is shown in Fipure 2. The reversal
of this pathway has boen suggested as a means of synthesising mmam

& i L. A HOOG R
ﬁ’ ~ o m o 3 of
o W~ & SN~ VR g

o Jomanl o 1
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=
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Urecilt Re=H, B = H HOOO . R
Thymines R CHy, R = H |
Cwosdn scids R« H, R' = COOH HoN /QER'

Figure 2. Propossd patiway of pyrimidine degradation (22).



Although the pyrimidine bases have been shown to be extensively
degraded to carbon dioxide and the beta-aminoe acid in mammals,
Caneliakis (27) has shown that in rat liver slices a considerable
portion of urecil«2-03* yas converted to micleotide pyrimidines and
micleie acid pyrimidines and that a smaller proportion was degraded to
carbon dicxide. Lagerkvist and Reichard (28) demenstrated that in the
mouse, uracil was efficiently utilized for synthesis of mucleic acid
pyrimidines in both visceral tissues eand Ehrlich ascites cells.

In mammals the pyrimidine bases have been demcnstrated to be con=
verted to nucleotides by a mucleoside phosphorylase isolated by Kalckar
(29). Rucleosids kinases (30, 31, 32, 33) and phosphotransferases (3L)
could convert pyrimidine bases, ribose-phosphate and adencsine triphos-
phate to the mmcleotides. Through the use of enzymes isolated from
L. delbrueckii and Thermobgcterium acidophilus R-26, synthesis of
certain decxribosides were shown by McMutt (35) to take place by the
trangfer of the deoxyribosgyl group from one purine or pyrimidine to
ancther. These are methods by which uracil may be efficiently used for
synthesis of micleic acid pyrimidines.

With the indication that N. cragsa 1298 is capable of synthesizing
pyrimidine nucleotides by a new metabolic route involving certain
aliphatic acids, it became of interest to determine the precise nature
of this new mechanism. The present work desoribes the results of
several different approaches to this problem. These approaches involved:
1) a search for compounds which supported growth to a similar extent as



did aminobutyric seid, thveonine and homoserine, 2) tracer studies with
caxbonell, labelled aompeunds to establish the wiilization of various
eompounds as prrimidine precursors, and 3) attempts to demonstyete



10

All compounds, with the exception of bste-ureidopropionic seid,
l~amino-l«carboxy-cyclopropane, alpha~hydroxypropionic acid and methyle
malonic acid, were obtained from Nutritionsl Bicchemieals Corporation.
The beta-ureidopropionic and ureidosuccinic acids were synthesized by
the procedure described by Lengféld and Stieglitz (36). Two grams of
beta-alanine and 1.85 g. of potassium cyanate were added to an svaporate
ing dish and enough water added to dissolve both substances. The sclu
tion was evaporated on a steam bath to a syrup. The residue was placed
in a =mall beaker and appreximately 1 ml. of 0.1 N hydrochloric acid
was added. The beta-ureidopropionic acid precipitated out on standing
in the refrigerator. The melting point was 169-170° C. The l-aminoe
l-carboxy-cyclopropane was & gift of Dr. Hans lau. The beta-hydroxy-
propionic snd methylmalonic asids were gifts of Dr. Minor J. Coen.

Organism

Strain 1298 of Neurospora grassa, which was produced by Beadle and
Tatum (37) ueing X-ray and ultraviolet radiation treatment and later
described by Loring and Pierce (7), will not grow on a simple media of
salts, sugar and biotin (appendix). This mutant was assumed to be



unable to synthesize pyrimidines since addition of a pyrimidine
cempound t0 the basal media permdts growth of the organism. The mold
wvas maintained on culture slants consisting of twe per cent agar in
basal medivm with 1 ng. of uracil per ml. (appendix).

The neld was grown in 125 ml. Erleweyer {lasks to which 25 ml. of
& basal mutrient having the composition shoun in the appendix was added.
Bach flask was otoppsred with a cotton plug and sutoclaved at 110° ¢.
for 1S mimates. The heat steble compounds were sterilised along with
the media by antoclaving while the heat semsitive compounds wers added
aseptioally after f41tration through a Seits bacterioclogical filtm-
After vooling, each flask wag Inoculated with 0.2 nl. of & spore suse
mimafﬁwmldmﬁabyéimgmlmpimof gpores in 10 ml.
of sterile, distilled water. The culiures, run in triplicate, were
inoubated at 25° €. fer four days. Ab the end of this time the myvelial
pads were vemoved, rinsed with distilled wster, squeemed o remove
axcess water, and dried overnight in an oven .f..so“ . The amount of
growth wne determined by weighing the dried mycellum. The weights were
aaumd with uracil as a standard. Other controls consisted of basal
medium with no supplement.

In Table I & list of the compounds tested for grewth is given.
They have been placed in three groups indicating their relationship to




TABLE I

'Haidat of

Suppl.ementary w of
(m-) (mgr--h dm)
5 57.0
] na
10 2
-1 2
. b3 2.7
Thymidine 2 0
Malonie meid 5 0
Aspartic Acid Group .
Aspariic asid 5 0
Urmamm« acid 2.55 0
: ¢ ~ 0
Orotic aeid 7 6
Glutamio meid 5 0
Homoserine 6 18
Allothreohine 8 0
e-Aminobutyric Acid Group
A, s-Amincbutyric Acid 5 L3.0
#rketo butyric acid 8 0
WMW tyric acid 8 0
30 30
*’mlem:!.na 5 0
Cyclopropane=
amino-carboxylic seid 5 0
B. Propionic Aa,id é by
Aerylie acid é 5
P spdonie acid 6.2 15
Methyl-malonic aeid 10 U
Sucoinie aeid 5 0
Fyruvie acid 5.3 s}
Acetic acid 5 0
Alanine 5 ]
n=Propylamine 0
Glyoerel 6.3 0
Glycine 0




the previously wentioned pathvkys of biesynthesis. The waoil group
includes the compounds shewm by verious workers to somprise the patiamy
saggested in Figure 2. Thess compomds were betacureidoppionic eoid,
and ddhydrouracil, leading to the synthesis of uracil, and didydrothyrine
lsading %o the synthesis of thymine. Ureeil had been shown previcusly
to prodase growth. In these #waiu dihydrouracil, bsta-ureidopropionic
soid, thywine and dihydrethysine were shown to yeplace the pyrimidine
voquiresent to a lesser degrse than ursecil itself. The melm%,
thysiddine, wae not able to setiafy the yyrimidine requirement for growth.
Malonde weid has boen shown to be a degradation produst of uracil |
through barbituric aeid (38), but 16 did not rerlace uracil for growth.
The compounds of the aspartic acid group wepre those shown in
Pigire 1. Aspartio acid, ureldesucoinic acid, and dihydroorotic scid
did not show any eapacity to sstisfy the pyrimidine requirement. The
grewbh vespense to protie scid imdicates its uss for pyrinidine bice
synthesis. Glutamic soid has been shown to be readily coxwverted to
aspartic acid by traneemination resctions. Since & mutant of K. crassa
which lacks glutamic dehydrogenase has been reported by Fincham (39),
the requirement of an alphse amino groap was visualized. However, again
Fairiey (20) to be used in place of yrimidines. The main patiway for
the biosynthesis of threonine has been shown to be conversion of
aspartic acid to homoserine {LO) whieh in turn gives rise to ithreonine
(k1). Homcserine was shown to give a significant amount of growth.



Allothreonine, which differs from the naturally cccurring Lethreonine
by an inversion at the second asymmetrio carbon atom, was not suitsble
for growth.

In the yrocess of looking for compounds which were related to
aminobutyric acid and which also gave significant growth responses,
proplonic acid was showm to give very interesting resulis. For this
reason the aminobutyric acid group was divided into two sections, one
vhich eontained compounds related to amincbutyric acid and the other
which contained compounds shown by Stumpf (L42) and Stadtwman (L43) to be
related more directly to the metabolism of propionic acid itaelf.

Adenosine
| triphosphate _
CHaCHaCO0H P y CHaCRLO-Coanayme A
Propionic Acid Fropionylecoansyme A

Ny 600K
CH CH.COmCoonnyme A wewws  OHeCHUO-Coenzyme A CH,CHCO-Coenzyme A
R,

beta-alanyl-coenzyme A acrylyl-roenme 4 methylmalonyl=toanzyms A
- 4
OHaOHzC0-Coengyme A  HOOC-CHRCH,CO~Coenzyme 4
1414
hydrexypropionyle succinyl-coensyme A
Costzyme A 1
?n,cnaman\ AOOG~CH, ,CH,C00H
OH CHCOOH

suceinic acid
hydroxy- acetle i
propionic acid Krsbs Cycle
acid

Figure 3. Proplonate Metabolism.



Anincbutyrate, which has alresdy been shown to give & high growth
reaponse in N. orases 1298 (20), gives on deamination the keto acid,
alpha-ketobutyric acid, in some organisms (LL). Although the reastion
has bean shown to be reversible, the ket acid did not sapport growth.
Neither did the alpha-hydroxybutyric acid. Threonine which is readily
converted by n}t liver to alpha~amincbutyric scid (LS), was indicated
by Fairlsy to be a precursor. Isolsicine has alsc besn demonstrated
to yield slpha-ketobutyric acid (L6), but evidently did not give rise
to amincbutyric acid since no growth resulted.

Of the compounds given in Fim 3, proplonic, scrylic, hydroxy-
opionic and methylmalonie aclds gave varying growbth responses.
Bucoinia, pyruvic, and acetic acide and alpha-alanine have besn shown
to be Mﬁtﬂd to the oxldative patiway of mpﬁ.m‘ba motabolism through
the Krebs eyole (L7). These failed to replace the propionic acid
reguivement. Other three carbon compounds failing to give growth were
nepropyl amine and glyeerol. Glycine which has such an iwmportant role
in parine blosynihesis was found to be inactive here.

fable TI shows the resmilts of adding uridine to some of the
previcasly reported sipplememts. Lysine showed a slight stimulation by
uridine while urscil and dihydrouracil give a great response.
Dihydroorotic acid seems to inhibit growth in the presence of uridine.



TARLE TI
 STDMLATORY EPFEST OF VKIDINE ON VARIOUS SUPPLEMENTS

A« 0.1 mg. Uridine | 6.2
1ceieine

Iyeine
«wm acid

1 31,8

Vi

Am.nim han been found to have an ivhibitory effect on the
utilization of certain of the pyrimidine precursors (Fairley, unpube
hﬁhﬂﬂ)u Uracil, slpha-aminchutyric asid, propionic acld, and homo=
serine heve been found to be inhibited by very small quantdties of
arginine. The resulis sve showm in Teble III. Ornithine showed the
sems effect st abeut 100 times the concemtratione used for arginine.
Oitrulline was not so clemr-cut.
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TABLE IIX
ARGININE INHIBITION OF CERTAIN GROWTH PROMOTING COMFOUNDS

Concentration of Weight of
Supplements Arginine Hycelium
(mg.) (ng.=-l days)
A. Uracil (3 mg.) 58
Learginine 0.01 3L
0.1 17
1.0 5
10.0 5
Uracil (5 mg.) 22
Learginine 10.0 L7
Uracil (10 mg.) 32
Learginine 10.0 17
B. Amino butyric acid (5 mg.) 30
Learginine 0.001 20
0.0) 0
0.1 O
0.5 0
C. Propionic acid (6 mg.) 27
Learginine 0.01 0
0.1 0
1.0 0
10.0 0
D. Homoserine (6 mg.) 18
L~arginine 0.0 4}
0.1 0
1.0 4]




Growt es

Growth curves were ylotted for the time of incubation response of
the mold to selected compounds. Uracil, dihydrouracil, beta-ureido-
rroplonic acid, propionie acid, and alpha~aminobutyric acid were given
in equimolar amounts to the mold. Each set was run in tripliaate.
Five sots of flasks were run for each compound. The results of these
experiments are shown in Figure 4. Of the various compounds tested,
growth began first on uracil, followed in order by aminobutyric acid,
rropionic acld, dihydrouracil, and finally beta-ureidopropionic acid.
Once growth began the growth rates were essentially the same. Compared

with other campounds amincbutyrate and propionate gave lower maximim of
growth. |

el

Uracil-2~(34 wag obtained from the Isotopes Specialties Company.
The specific activity of the sample was given &s 0.6 millicuries per
millimole. This sample was used In all the experiments involving
administration of uracil to the mutant. The amincbutyric acid was
obtained from Mutritionsl Blochemicals. The organism used was the
N. crassa mitant, 1298, described before.
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Growth Procedure

The mold wms grown in 125 ml. Erlemmeyer flasks, to each of which
was added 25 ml. of basal mitrient medium having the composition shown
in the appendix. In esch experiment two sets of ten flasks were used.
To sach of the first ten flasks were added O.h_mg. of the labeled uracil
and 9.6 mg. of unlabeled uracil. In addition to the 10 mg. of uracil
the second set of ten flasks contained 10 mg. of aminobutyric acid in
each flask. Th;e' first set served as a control, glving the incorporation
of umcil~2~é“. into pyrimidines, while the second set showed the
influence of aminobutyric acid on the amount of incorporation of
uracil«2«014 into pyrimidines. Ten milligrams of uracil was found from
2 study of concemtration effects en growth to be the most sultable
concentration for optimum growth. The auboclaving, inoculation, and
incubation were carried out as describsd in the previous section
(page 11). At the end of three days of growth the contente of the flask
were filtered on a sintered glass fummel with suction. The mycelial
pads were washed with a amall amount of water after vhich they were
placed in 100 ml. of acetone. The aceton® was removed and the mycelia
were placed in the dessicator for 24 hours. At the end of this time
the peds were weighed.

Isolation of the Ribomuoleotides

The dried, acetone-extracted, mycelial peds were ground to a fine
powder using & mortar and pestle with 120 mesh carborundum powder.



This mixture of powders was extracted three times with 5 ml. of ice
cold 10 percent trichloroacetic acid (w/v). The residue was washed
once with L1l ethanolrether. The first extraction was carried cut for
thirty mimtes and the successive extractions for five minutes. The
80lid was then washed twice with ether. The mixture of carborundum and
extracted mycelial powder was dried. All of the extracticns were carried
out in a 12 ml. centrifuge tube. By using this procedure, the solution
was easlly separated from the residue by centrifugation, so that the
residue could be reextracted.

Five milliliters of 1 N potassium hydroxide was added to the solid
contents of the tube and allowed to stand for 24 hours, stirring occasion-
ally. After centrifuging, the basic solution was adjusted to a pH of
3.0 by using perchloric acid. During this process and a ten mimute
paricd of standing the solution was kept cold in an ice bath. The solu~
tion was centrifuged and filtered through a sintered glass fumnel.

The pH was taken up to 1l and the precipitate of potassium perchlorate
was filtered off.

This acidic solution was added to a columm of Dowex<l-Cl , 50100
mesh, 12X. The column had been previously treated by washing with 200
ml. of 2 N hydroohloric acid, followed by 200 ml. of 5 per cent sodium
hydroxide, and again washing with 200 ml. of 2 N hydrochloric acid.

The final wash was with water until the elnate was shown to be neutral
40 pH paper. When all of the solution containing the ribomucleotides
had filtered onto the column, the column was developed first with 200



ml. of water. fThen the nuclectides wers sluted with 2 N hydroohlorie
acid. The optical density of the sluste wvas determined at 260 m.
drynsss on a flask svaporator. Water wis sdded ssveral times %o aid
mmmwmm.«mm

The mma of .ﬂbmimﬁdaa wag tranaferred Yo & 2 ml. volue
metric flask uaing suall amounts of 0.055 N hydroohlorio acid. This
solution was evaporated to dryness using a charcoslefiltered air strean,
The mm stood overnight m;m dessicator containing mmw
Afbey sareful addi'&m: of 0.5 nl. concentrated perchloric scid, the
flask was heated on a wheam babth for forty mimites behind & glass
shield. When the flask wes cocled, the conbents were transferred 40 a
12 mﬁ.. mtrm@ tube using small qantities af water. The carbon
was centrifuged down, washed with watar and the wash combined with the
first supernstant. This solution of purines and pyrinidines was allowed
o filter into & cclwmn of Dowax-50, H', 16 X, 50 x 100 mesh. This
oolumn had been wwmm troated in the sepme manner as the Dowax-l
eolums,. Elution was begun with water (200-300 ml.) and was followed
by 0.055 K nydrochlorie acid. The wracil come off in the first 150 ml.
of watar. When tha ulimviclet absorption was negligible, the
cytosine was sinted with 2 N hydroohloric acid (LOO-550 ml.). The
cytosine was found to come off in & volume of 120 wl. after addition
of the first 60 nl. of acld. CGuanine was eluted with 3 N hydrochloric
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aeld (180.200 ml.). The guanine came off im & volwmes of LS ml. after
addition of the first 40 ml. of acid. The adenine was elutad with
i B Yydroehlorie acid (150+200 ml.) in & volume of 75 ml. after 4O al.
of the acid had besn sdded to the column. The elubion of the ulbra-
violet sbsorbing compounds was detected by absorbance meamivements
vaing the Beskmann spsotvophotometer Nbdel DU, One lundred lanbda of
aach frection wan plated and cw. Thare was & direct proportion
indiesting the radiopurity of each ultraviclet sbsorbing compound.

The uracil frection wideh was eluted from the colusm in the first
150 mli of water also combained the perchloric weid used for the
ydrolyiis: Thde was removed before farther yurification of uwracil
m&mmﬁ. Flrst, the fractdon was svaporated by means of the
fiash evaperator 0 a volume of 2 nml. Then the mclution wes mede
neutyal to pit-paper by addition of 1 W potaswium hydrexide. The
potassium perchlorate was filtered off and the solution was further
avaporated by air to about 0.5 ml. Farther prificstion was sarried
ot By paper . chromxtography.

The sclutions of the subatances to be purified were spotied on
Whatman #1 paper. Two 100 lambde spots wars placed L inches from the
end on & ¥ x 22 inch sheet. The spots were not more than 0.5 om. in
dismeter. This could be accomplished ¥ applying small amcunts at a
¥4me and drying with a hair dryer while the paper was stretohed between



two Books. After complebe application the paper was folded 1.5 inches
frem the erigin snd again in bthe opposite direction 3 inches frem the
exigin, The flaps were flaced in glass troughs and the papers passed
up and Sver glass rods, mich that the first fold coincided with the
£168 Yod sl the papir therafore lumg strelght down from his point.

A bont vod held the papery in Wi trough. The troughs were held ab the
top of an all gass yack, and the entire system was conteined in &

12 by 24 inch battery jsr. The molvents were added to the %rough in
approsiamtely 75 nl. quantitiss. fThe jar was covered with a glass
piate wad the solvent allowed to Flow down the paper untdl 5% had almost
remthod the bobtem, or for sppreximately 2 heurs. The papers were Shen
removed and dried in the hood. With am wltraviclet lswp the yyrimidines
-and adenine appearved ag dark blue sbsorbing spots en & 1ight bilue backw
greund, and gudains, which fiuoresces alightly, appsaved as a light
bilse spot on the paper. The Epobs were oubt oub and sliced fnto small
stripe, which ware then elited by standing overnight in 0.055 ¥ hydrow
olilorio scid. After cantrifiuging the concentration was déetermined fyom
the gbaorbanse ab 250 ma. Une hundred labda of eash sample was plabded
snd counted. The radioactivity was foand to be sssocisted with the

One hundred lanbds aliguots of the fractions from the colmm and
from the parification procedures were plated on platinmm planchets.
In all omses the aclvent was removed hy slow evaporstiion over an



infrared lamp with a gentle stream of air blowing over the plates.
The radieactivity was determined at infinite thinness in a Nuclesr
proportional Geiger counter, with the Nuclear Ultra Scaler Model 192.
8ince the comcentratien of each sample had been determined by finding
the absorbance with the Beckmann spectrophotometer, Model DU, the
specific sctivily expressed as counts per minute per micremcle could
be cslculated.

Afw parification by papey ehmmtagmpw the ¢ytosine isclated
from the mold which was given uracil-2-Ci4 alm, showed 3 spec:!.fie
activity of 85 and 94 per cemt of the specific ma:my of the original
uracile2-C34, The mgil,uau igbeled to the extent of 77 per cenb.
There vas a negligible anount of radicactivity in both adenine and
gaanine, When uracil~2-0¢ gnd aminchutyrate wore given together, the
cybosine lsclated contained a concentration of radicactivity which was
48 and 73 per cent of the concentration adminigtered. The uracil was
labeled to the extent of 56 per cent of the concentration of radioe-
activity given. Again no significant redloactivity was found in the
purines. The remulis sre shown in Teble IV, |

Materials

'Soddun preplonste~2-03* yms cbtained from the Volk Radiochemical
Company. Two sanples were used. The first sample had a specific
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activity given s 1.2 millicuries per millimele. The second sample
had & specific activity given as 2.52 millicuries per millimole.
Tve experiments were carried out using the mutant, 1298,

The mold was agein grown in 125 nml. flsaks, to each of which was
sdded 25 ml. of bawsl mutrient medium. Sixteen flasks were used in
each mt;permm-‘ To each of the fhsk_ﬁuma‘addad 0.88 mg. of radio=
active propionate (0.65 mg. ﬂf propionic scid) and 6.2 mg. of unlabeled
propionic acid which had been purified by redistillation. This gave
a concentration of 6.85 mg. of poplonic acid per 25 ml. of media, s
concontration fourd %o be mmmm for opbimim growth. In estabe
11shing the specific activity of the sample, it was found that the
radicactivity of proplenic acid mist be determined befors dilution with
the medium and that two drepe of 1 ¥ sodium hydroxide prevented evapor-
ation of the propionic acid from the plates. Observation of these
precanbions gave the calculated specific activity. Autoclaving, inocu-
lation, incubstion for six days, and harvesting of the mycelisl pads
were carried out in the same manmer as described on page 11. The iso~-
lation and hydrolysis of the ribomucleotides and the chrematography of
the bases on Dowex 50 were made in the same manner as desoribed on
poges 21 and 22,
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Purification of the Purine and Pyrimidine Rases

The uracil eluted from the colum was again removed from the
perchlorate and chromatographed cn papsr as previously described.

Since the radioactivity of the einted fractions did not agree
with the ultraviclet absorbtion data, impurity of the cytosine fraction
wae indicated. The fact that a high radiocactivity was found in those
fractions that gave no ultraviolst absorbance indicated that this
highly labeled compound was not a purine or pyrimidine. This was shown
to be true by chromatographing the highly radicactive fraction that was
eluted from the column just before the cytosine fraction. The R, (ratio
of distance that the compound moved to tlﬁt which the solvent moved)
wvas determined by locating the radiocactivity on the paper. This was
carried out using the Forre Chromatographic Scanner (Forro Scientific
Company, Bvanston, Illinois) coupled with a nnclear-cm@go Model 1620 A
ratemeter and a Model AW Esterline-Angus graphic ammeter. The Ry of the
activity peak was 0.36.

V¥hen the cytosine fraction was chromatographed on paper four spots
were located using the ultraviolet lamp. Thelr R, values were:
(1) 0.55, (2) 0.65, (3) 0.79, and (L) 0.88. Spot (2) was a flourescent
spot, while the others were light absorbing. Significant radiocactivity
was found %o be associated with spot (1) which from the spectrum cbtained
using the Beckmann spectrophotometer, Model DK-2 was shown to be guanine,
and with spot (3) which was shown also by spectiral studles to be
cytosine. Scanning of the paper chromatograph showed a high peak of
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radiocactivity where the cytosine migrated, a lower peak where the
guanine migrated and a much lower peak at a Rf of 0.37 where there was
ne ultraviolet absorbing apot. The Rf of this latter spot corresponded
to that found above in chromatography of the radiosctive, non-ultraviolet
light absorbing fraction and probably indicates slight contamination of
the cytosine fraction with this material. Elution of the spots from
the paper chromatograph and counting were carried out as previcusly
described.

This non-ultraviclet light absorbing material was originally eluted
from Dowex-50 by 0.055 N hydrochloric acidj whereas cytosine required
2 N hydrochloric acid. However, thers was not a complete separation of
the two compounds and thus considerable purification was required for
the cytosine fraction as was described above. Since this contaminating
compound does not ahsorb light in the ultraviolet region it cannot very
well be a pyrimidine or purine. Although the compound did not give a
positive test with ninhydrin (0.2 per cent ninhydrin in l-butanol
saturated with water), the concentration may not have been great enough
to detect an amino acid. However, caloulations based on the amount of
radiocactivity and the weight of an average amino acid, assuming no
dilntion of isotops, indicated there should have been sufficient
material present to detect had this been of amino acid nature. Neither
was 8 po&itive test for a ureido acid obtained after spraying with
alkali and para~-dimethylaminobenszaldehyde, but again there may have
been an insufficient concentratlon.



Adanine was rechromatographed to give an idea of the purity of the
W fraction. Twoe witraviolet absorbing spots wers found on the
yaper. The R, values were (1) 0.57, and (2) 0.77. The adenine vas
found by the Beclomnn DX~2 to be located in spot (2). Elution from the
yaper and counting of the elutate was carried cut in the same mexner as
the urecil and cytosine. |

Badicantography of Paper Chromatograms

Strips to be radiosutographed were taped to 8 by 10 inch shests of
Kodak Rlue Brand X-ray film. A #pot of radicactive solution was placed
in the upper right hand corner in order to mark the relation of the
chrematogram to the dwalamd film. The films, with attached papers,
vere piaced between plywood boarde which were clamped tightly together
to insure close contact of chromatograms and films. After a period of
3 weeks the chromatograns were ronoved and the films were developed tar
four minutes with Kodak D~19 Developer, then placed in a stop bath of
1 per cant (w/v) acetic mcid for 10 seconds, and left in a fixer solu~
tion of modium thiosulfate for at lesst 10 mimites. The films were
then washed in cold tap water for approximately 1 hour, and then hung
by olips to dry.

fadicsutographs mun on the clromstographs of the cylosine fraction
showed the radiomctivity of spot (3), which corresponds to cytosine
1tself, to be clearly associated with this spot and not contaminated
with other substances.



Bemulte

After yurification by oiarmtomw on paper, the specific
activity of the cytosine was J1 to 33 per cemt of the concentrwtion of
radicactivity originally given in the medium. The uracil was 33 to 3k
per cent. The guanine was 8 to 1 per cent and the adenine was 9 to 12
por cent. A summary of thes data is recorded in Table IV.

Twe sanyles of uracil-2«0%* wire used., The first sample with a
egpacific activity given of 0.6 millicuries per millimole was obtained
from the Isctopss Specialties Company and was used in experiments with
the mutant 1298. One experiment was carried out. The second sample
with 2 specific activity given of 1.2 millicuries per millimole m
cbtained from Volk Radiochemicals Campany and was used with the wild type
of N. cragea. One experiment was earried out.

Two sets of ten 125 ml. Exlenmeyer flasks were used in the experi-
ment. Twenty-five milliliters of basal medium was added to each flask.
In both ssts, 0.4 mg. of the labeled uracil and 9.6 mg. of unlabeled
uracil were added to each of the flasks. The second set of ten flasks
contained 9.92 mg. of propionic aeid in addition to the 10 mg. of uracil.
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As in the experiment utilising urmeil2+0* snd smincbutyrete, the first
sot of flasks served as & sontyol and gave the incorporstion of uracil
into the pyrimidines. The second set showed the influence of propionic
acid on the ameunt of incorporation of uracile2-C34 into pyrimidines of
the mitant, 1298. The sutoclaving, incculation, incubation, and harveste
ing were carried cut as described on yage 1l. The isclation and hydroly-
ais of the ribormclectides end the chromatography of the bases were
carried out in the manner already described. The frmctions from the
column wers plated and counted. The wadicactivity was in direct
proportion to the nltraviclet absorbanss.

Results

The cytosine from the meld which was fed uracil=-203% and propionate
was found to cantein & conoentration of yadioactivity which was 53 per
cont of the initial concentration of the radicactividsy furnished the
mold as uracil-2-G3%, There was essentially no labeling of the purines,
adenine and gusnine. Again the cytosine from the mold fed only uracil-
2«03 and basal constituents showed a diintion of specific activity of
83 par cent of the original specific activity.

Materials

Uracil-2«C3* was cbtained from the Isotopes Specialties Company.
The spacific activity of the sample was given as 0.6 millicuries per
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miilincle. The L-arginine was cbtained from Pfanstiehl Chemical
Company. - The organism used was the N. crasse mrtant, 1298, deseribed
before.

The mold vas grown in 125 ml. Brlenmeyer flasks, to each of which
was sdded 25 ml. of basal medium. Jwo sets of ten flasks wers used,
In both sets, 0.4 mg. of the lsbeled uracil and 9.6 mg. of unlabeled
ureedd were added to each of the flssks. The second set of ten flasks
contained 10 mg. of arginine in addition to the 10 mg. of uraeil por
flask, Again the first aet earved as the control, while the second set
showed what, effect arginine had on the incorporation of uracil into
muclete acdd yyrimidines. The sutoclaving, incewlation, inoubstisn,
and harvesting ware carried cut as previously dessribed. The isclation
and wems of the ribemuclectides and the chromatography of the
mmm ont a8 previcusly desoribed. The fractions from the
column were plated snd counted. The radicactivity was in direct
proporticn to the ultrwrielet absorbanse.

The cytomine fraction from the mold which was fed uracile2-Cis
and srginine was found to contain a concentration of radiosctivity
shich was 100 per cent of the initial concentration of the radicactivity
fornished the mold as uracile2-0%. Thare was essentially no labeling
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TARLE IV
RADIOACTIVITY OF RIBONUCLEIC ACID BASES FROM NEUROSPORA CgéQ%% %228
AFTER GROWTH IN THE PRESENCE OF VARIOUS RAD COMFO
Compound Speeific 8pecific
Supplement Isvlated Activity of  Activity of Ratio
From Mold Supplement Ceompound
- — Isolated
ment 1
eyt.osine 2.4L x 10* .9l
gtm:l.m 78 .003
128 006
Uracile2-01¢
+ aminobutyrate 2.60 x 10¢ -
eytosine 1.89 x 10¢ .72
uracil -
guanine s .000l
adenine 23 001
2.51 x 10*
m@m& 2113 x 10‘ 085
uracll 1.94 x 104 <77
guanine 0 0
adenine o] 0
Uracile2-014
+ Aminobutyrate 2.51 x 10%
eytosine 1.2 x 10% 48
uracil 1.h0 x 10* .56
guanine 8 .0003
adenine 27 .
Experiment
ot 201 Lk x 108
cytosine L.h3 x 304 31
uracil L.72 x 10% .33
guanine 2.05 x 10% A1
adenine 1.80 x 1o¢ 13
238 t
%24“ 1.24 x 108
Omme h 10 x 10‘ «33
uracil h.lg x iﬂ: -3%
guanine 0.96 x 10 0
adaenine 1.03 x 104 .09

Continued
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T ——— s
Compound Specific Spacific
Suprilement Isolated Activity of Activity of Ratio
From Mold Supplement Compound
\ . Isolated
t
TAcl w2~ 2.50 x 10%
oytomine ' 2.21 x 10% .88
uracili - e
guanine 0.2 x 10% .08
adenine 0.23 x 10* .09
Uracil=-2.C1s
+ propichate 2.50 x 104
cytas:lm 1.45 x 10% .58
uracil - -
guanine 0.5L x 10% <21
adenine 0.63 x 10% .21
Ex t 6
U el 1h 1.90 x 104
eytosine 1.1 x 109 .74
uracil -
guanine 0
adenine 0
Uracil«2=-014 1.90 % 104
+ Arginine cytosine ’ 1.91 x 10% 1.01
uracil -
guanine 0
adenine 0
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of the purines, adenine and gusmine, Agein the cytosine from the mold
fad cnly uraeil-2-0%% and basel constituents showed a dilmtion ef
apenifie activity of 7k per cest of the original specifie activity,

L _SIRymRtLe Activity Kelated
o [ r‘?} M tom it :
L m"ﬁi&&u a&.&ﬁtﬁ’ﬁ i

Haterials

Sodium proplonate-2-03% was cbtained frem the Volk Radiochemiesls
Compurty. The specific activity was M'm 1.2 millicuries yer millis
mole. Dilydreurecil and cosnsyme A {product of Pabst Leboratories)
were chinined from the California Poundation for Biochmuical Remearch.
The pyridexal hydrochloride, sdenosine triphosyphate, reduced glutathicne
and the barium salt of ribose«S-phosphate was cbtained from NMatritionsl

_ ieals. The diphosphopyridine mclectide and triphosphopyridine

mucleotide were obtained from Sigma Chemicsl Cerporstion. Beta-alanine
was & product of Matheson, Colamen and Bell, obtained frem the Metro
Industries. The betaealanyl~pentetheine, proplonyl~pentatheine, and
betemureldoproplomic aoid wers synthasived by the suthor. The rrepare-
tion of the latter has besn described on mge 10.

fhe propienyl-pantethaing and beta-alanylepantethsine were prepaved
by the thiophencl procedure used by Wieland (48) to synthesize thioe
sized sccording to the procedure of Brown (L9). Benmoyl chleride
{0.375 moles) and redistilled propionic seid (0.25 moles) were placed
in & rourd bottom flask and were distilled through a Synder-Shriner
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reflux condenser in such a maxmer that the temperature at the top of
the column did not go above 78.5° €. The proplonyl chloride distillate
{0.12 moles) was dissolved in ether. Thiophemol (0.1} moles) was added
slowly, and the solution was left standing under nitrogen at 5° C. to
form propionyl-thiophenol. Pantethene, obtained from the Mann Research
Laboratories, was reduced with a 5 par cent solution of sodium cyanide
in 1 N sodium hydroxide. The reduction was followed by the appearance
and the depth of the purple color cobtained in the presence of a 5 per
cent solution of sodium nitroprusside. This is a test for the presence
of free sulfhydryl groups. To the pantetheine (0.08 moles) was added
approximately 50 mg. of sodium bicarbonata, and nitrogen was bubbled
through. A siight excess of the propionyl-thiophencl {0.10 moles) waa
added. The reaction proceeds for a few mimttes during which the solue
tlon changed to a bright yellow color and the test reaction with sodium
nitroprusside for free sulfhydryl groups disappeared. The mixture now
gave a parple color with methanolic hydroxylamine and ferric chloride,
a test for an ester group. After adjusting the solution with hydro-
chloric acid to a blue color with Congo red, it was extracted with
ether, This removed excess thiophenol. The agueocus solution was
lyophilized, producing a yellow powder. The beta-alanyl-pantetheine
was prepared in the same manner with the exception that the acid chloride
was prepared using thionyl chloride. These thiophenol procedures were
not found to be satisfactory since the investigator developed an extremsly
painful rash from contact with even very small amounte of thiophenol.
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A move matiafactory procedure for making propionyl-pantetheins
vas found in the use of propionic anlgdride (0.1 moles) and pantetheine
{0.12 moles). The disappssrance of fres sulfhydyryl groups and the
appsarance of the ester group took place in sbout 10 minutes. The
chlarides of beta-alanine made with an excess of thionyl chloride (0.1)
moles) veacted with the reduced pantethuns (0.1 moles) in 3 ml. of
triethanclanine buffer (0.1 M, B 7.4) to give beta-alanyl-pantetheine.
Coromatography of thesa compownds in an 80 per cent lmmml solvent
by ascending teohnique for 36 houvs showed an uwltrevielet absorbing
spot which aleo gave a positive sodium nitroprusside test hefore and
a milpigedryl group. Fantotheine itself is recxidised to the dimulfide
form during chromstography and doss mot give the temb with nitroprusside
unlsss reduced again.

Both alpha and beta amine acids were detected after papsr chroma-
tography by resctien with ninhydrin. Uracil was deberwined both in
solution from iits absorbance Wing the Beckmsnn spectrophotometer,

Model LU, and afber cluematograply an paper by locating the spots with
an Witraviolet lamp. Attempta ab chromatographing propionate were une
siccessful because such amall amounts were not detectable by present
. methods. Dilydrouracil and beta-ureidopropionic acid were detected on
chromatograns (with or without previous ninhydrin treatment) by spraying



with 0.5 N sodine hydroxide, followsd, after drying for thirty mirmites,
by spraying with a solution contaiming 100 ml. of ethancl, 10 ml. of
concentyated hydrochlorie acid, and 1 gn. of pare-dimethylamincbenzale
prodused » yellow color with ureido scids (formed by the sodium Mydrexide
apraying or wlvendy present). Mammnzmmwm(m
mmmmmammmmwmﬁemu. mmm
most sstisfactory methed was tm \swmg of chromatograms with a Lk N
" e solution (pH 6.5«7.0) followed by spraying with ferric
M(QWWWMWafSwmtxwﬁneﬂwme,i&
per cent trichloroscetic acid, and 3 N hydrochlerie acid). The second
Prosedure involved hydrolysis of the thicester with strong alkali (3 gm.
of sodtum hydvoxide in 100 ml. of 95 per cent methenol), followed by
spraying with sodium nitroprusside reagent (1.5 gm. of sodium nitro-
prasadde mixed in 5 ml. of 2 N sulfuric acid, and adding 95 ml. methanol
and 10 ml. of 28 per cent ammonis. This solution was filtered to remove
salte).

Incubation

The emsymatic reaction was allowed to proceed while kept at constant
temperuture in & water bath. ALl experiments were carried out &b 35°
C. for varying pericds of time.



res were used for preparing solu-
tems of the mycelial constituents to be exemined for enxymatic activily.
The yrinciple sim in all of the procodures was complete destruction of
the myoelial walls to free the immer consbituents. In ne of the first
atww,mﬂn groun for fw days wore harvested by filmztue on a
Buckner fumel, and the pads wers stored in the deep freess for two
days. After slight thawing the yads were ground with
in 0.1 X phosphate buffer. During grinding the mixture was kept cold
by dipping i an etiancledry ice beth. The suspension was egein frosen
and upen rethawing and allowing inscluble particles to settle, the
aupmtam wag used in btests for engymatie sctivity uwpon a.mimbume
acid. Gme mil1iliter of the sclution vas used with various concentrations
of mtmmme acid in phosphate buffer (pH 7.9). The total volume was
5 xl. and the resction Stime was for 30 and 60 mimute periods. Afver
addition of 1 wl. of 5 per cant Whlom:m acid and filtering,
50 lam i spote were placed on Whntman #3 paper. The developing solvent
wes lebmtanols glacial scetie acididistilled water in a ratio of 80120120
by volume. After developing for 17 hours, drying, snd spraying with
ninhydrin, no change in the concentration of amincbutyric acid was
obsarved. When this experiment was repeated the same resulie were obe
tained. ¥ven freshly harvesbted myeelia, ground with carborundum and
incubated with aminebutyric scid showed no activity over periods of 30
mimates, 80 mimtes, 120 mimutes, and L hours incubation time.

-



Another treatment of the mycelial pads in order to study enzyme
activity involved preparation of an acetone dried powder. The freshly
harvested mycells were homogenized in the growth medinm followed by
extraction of the suspension with 6 volumes of acetcne at =20° C. The
acetone was filtered off and the powder was placed in a dessicator.

One hundred milligrems of the powder wersa allowed to stand in 1 ml. of
water for 6 hours. Three substrates were used: propionic acid (3.7 mg.),
aminobutyric acid (5.15 mg.), aspartic acid (L.L5 mg.) and smincbutyrate
plus 1 mg. of pyridexal-hydrochloride. Incubation was carried out for

50 mimites followed by filtration through a sintered glass filter.
Aliquote were placed on Whatman #1 paper and the development of the

paper was carried out for 16 hours with a solvent consisting of egual
volumes of O.1 N sodium acetate and ethanol. Again no change was
cbssrved except for a small decrease in concentration of the aminobutyrate
with the pyridoxal~hydrochloride. This experiment was tried again using
acetone drisd powder ¢of the residue left after centrifuging the homo-
genigzed mycelial pads, but again no activity was observed. All of these
premrations showed succinic dehydrogenase activity as determined by the
common methylene-blue procedure.

A third preparation was very similar to the first one described
in that the freshly harvested mycelia were frozen in the deep freess
for l.5 hours after which they were ground in phosphate buffer (0.1 N
pH 7.9) using a ten Broeck hand grinder. The homogenate was centrifuged
in a Servall refrigerated cemtrifuge for 10 minutes at 11,000 revolutions



per mimute at L° €. One milliliter of the supernatant was used with

1 mg. of wracil. The controls were 1 mg. of uracil to which 1 ml, of
engynmo was added at the end of the experiment. One milliliter of the
engyme served as a blank. At the end of 12 hours each of the solutions
was diluted to 100 ml. and the concemtration of uracil determined on
the Beciomarn spectrophotometer, Model I. No change in uracil concen=
tration was observed.

A fourth method of preparation, which was more succesaful thsn the
previcus cnes, imvolved lyophilization of the harvested mycelia. This
removes the water under vacumum and abt low temperatures, leaving a brittle
dried mycelia which can be ground to a powder. One hundred milligrams
of this freshly prepared powder, when inoubsted in phosphate buffer in
the presance of uracil showed a #light activity as was detected by a
decrease of the uracil concentration determined by the absorbanca.

This experiment was repsated with similar results for uracil, and at the
gsame time anincbutyrate decreased in concentration as was shown by
chromatography on paper. No activity was cbserved with respect to action
on dihydrouracil. No activity comld be found in the powder that had
been standing at room temperature in a dessicator for several days.

The f£ifth and most successful preparation conslisted of freezing
the freshly harvested myvelial pads on blocks of dry ice and homogenlzing
in tris (tris-hydroxymethylaminomethene) tuffer (pH 7.9). A modifieation
of thig procedurs involved homogenizing the frozen mycelia in a Waring
blendor with ths dry ice and diluting afterwards with tris buffer.

One miliiliter of the homogenate was used with 0.05 mg. uracil, 0.07 mg.



of yibome and 0.01 mg. adwnosine triphoaphate. The total volume was

3 nls Tacubstion was carried out for 12 hours, The emzymadic activity
vas halted by bolling the solwtions in & water bash for 15 mimutes.
Aligeots (100 laxbda) were chromatographed on paper and the uracil spots
1eoatad by uee of an ultraviclet lawp. Uraeil in the presence of the
mycalisl prepavation showed & great docroase in concsatrabion. With
#ihose and ATP the wrmcll consentswdion decreased tut not to the same
dagroe an with uracil alone. Thik method of preparatien was tried using
various substrates. Among thete wews ddhydrourestl (0.1 mg.), anino-
Mutyrde seld (0.1 mg.), betemalanine (0.05 mg.), bets-ureidoproptonts
aeid (0.1 mg.), mropionic soid (0.1 mg.), wraedl (0.1 mg.), proplonie
stid plus ribese-S-phosphate (2 mg.), betawareldopropionic acid plus
ribosa~Ssphosphabe (2 mg.), snd profonylepantethaine (1 mg.) pius ribose~
Sephosphate (2 mg.). The mixtures in & fiud velume of 5 ml. were
incubstbed for thred bours, after which the actlvity was destroyed by
heating, One bumdved lambdy aliquots were spotisd on paper. The paper
was developed for 24 hours in & saturated phenclswster solvemt, After
- drying oversight the phemol still prevented deteotion of any ultreviolet
sbsorbing spots. Spraying with ninkydvin showed s decrease in aminow.
butyric acid but no changs in betswalenine. Spewying with alkadd,
followed by spreying with yavasdimethylaminobensaldehyde showsd no change
in soncentwation of dihydvouracil or beta-ureidoproplonic acid. This
Istter myculisl preprution way found to give interesting resulis in a
shody of 1ts setion on proplonate and beta-alanyl-pantetheine.
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The incubstion mixture consisted of the following substituents to which
wan added 2 ml. of the superoatant frem the centrifuged homogmates
proplonate~2-C3 (0.1 uM, 1.4k x 10% counts per minite per mioromole),
phoaphate buffer (10 uM, pH 7.9), potassium chloride (50 uN), adencsine
triphosphate (1 uM), cosnzyme A (0.3 uM), diphosphopyridine mclectide
(0.2 wH), triphosphopyridine miclectide (0.1 uk), glutathione (5 wi),
amscniun chloride (LOO uM), ribose-S-phosphate (0.1 mg.). The total =
volume was 2.7 ml. This was & combination of the expariments carried
out by Stumpf (h2) and Stadtman (43). After incubation for 3 houre
aliguots :otmmﬁmmmmmmwmmmmmmao
por cant l-propancl sclvent. Bach chromatogram was run in triplicate in
order that several types of compounds could b§ located. One chromato-
grarh was used for scaming purposes, howsver, the proplonate evaporated
during chromstography. This same chromatograph was used to loeste
witraviolet absorbing spots. In the control experiment which comtained
811 components but was heated to boiling at the begimming of the experie
ment, six ultraviclet abserbing spots were noted, two of which were
associated with the components added to the mixture. One of these was
an overlapping area of cosngyme A, diphosphopyridine micleotide and tri-
phonphoppridine macleotide and the cther was adenosine triphosphate.

In the case of the active preparations, the ultraviolet light absorbing
spot that was associated with Coenzyme A, diphosphopyridine mucleotide
and triphosphopyridine nuclectide was not ypresent, and where ribose~5-
phosphate and beta~alanyl-panbetheine were added adenosine triphosphate
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was not presant nor was one of the fuvur spods from the homogenate itself.
One of the chromatographs was treated with ninkydrin, then was sprayed
positive gpots were found. No betawureido acids could be detested.
Spraying snnther ohrematogoaph with alikald and then with the sodfum
nitrepmaside resgent showed & new thiowester in the active pregmration
santaining ribose-Sephosphate and betaralanylepantetboine. This spot
waa noet assoeisnted with the bete«alanylepantetheine iteself. Mo cther

¥When this experiment vas repested, the reslits were the same except
was carvied oub overnight. At Bhe place where the thiosester spot should
have been a new ultravicleb sbsorbing spob appeared which mey be
partethaine resuliing from the decomposiijon of the ester.

Reagulbs

The prepavation found to be must successful was that using a Waring
blemdor hamogenate of the fresen mold and dry ice dilubed with ris
wffer. Using this preperation disappsavance of sminobutyrste and
aracil ware observed. Alsc in the presence of bebawalanyl-pentetheine,
ribose~S+phoapbate, propionis acid, adenceine triphosphate, and
cosnsyns A, formstion of & new thlco-ester was cbserved.
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DISCUSSION

From the results yresented in the previons section, various de-
grean of growth of the mold were observed in the presence of certain
compounds in the basal medium. Other compounds when added Yo the basal
media falled to promote growth of the mold. Some of these latter find-
ings were expected since the idea that the mutant utilizes a pathway
different from the normal organism has already been introduced. Thus,
finding that ureidosuceinic acid and aspartic acid would not support
growth of the mold was not surprising, although these compounds have
been desoribed by Kornberg (18) as playing an important role in pyrimi~
dine bloasynthesis in other organisms. Another compound, orotic acid,
shown to be an intermediate in this same sequence of reactions studied
by Kornberg, has already been shown by Loring (7) to be used by the
mitant for growth. The small amount of growth, in comparison to that
found for alpha-aminobutyric acid and some of the other compounds
shown in the results in Table I, probably indicates that orotic acid
does not give rise to orotidine-5t-phosphate and then to uridine-5'-
phosphate as was suggested by Kornberg for the normal pathway. A rela-
tively slow decarboxylation to form uracil followsd by conversion of
uracil to uwridine~Ht-phogphate, seems to be another possibility.

Failure of the mutant to grow either on alpha-ketobutyric acid or
on alpha~hydroxybutyric acid indicates that these compounds are not
intermediates in the use of the amino aclds by the mutant.



Both homoserine and threonine have been shown to give rise to alpha-
ketobutyric acid (L1). Kinmory et al. (Lh) have traced the catabeliem
of (14-labeled aminobutyric acid in rat liver homogenates and found
that the aminc acid is converted to the keto acid followed by oxidative
decarbiccylation Yo the next lowsr monocarbaxylic acid, propionic acid.
Pairlay (20) has demonstrated that aminocbutyric acid, homoserine, and
threonine were utilized by the mutant to about the same extent for
growth. Homossrine and threonine are interconvertible and this inter-
conversion has been suggested to take place through the hydraticn of a
vinylglycine intermediate (l1). Hydrogenation of this intermediste has
been suggested to ocour giving alpha-amincbutyric aeid (50). Allothreonine
did not replace threonine as an additive to the basal media supporting
growth. Threonine racemase, therefors, would not seam to be present in
the mtant, although it has been found in Escherichia soli (51).
Since isolencine can be derived from the alpha-ketobutyric acid formed
from either threonine or homoserine (52), it was expected to act in a
manner similar to these two compounds. However, the fallure of lsoleu-
ecine to support growth geems to further indicate that the kelo acid is
not the common intermediate between threonine, homoserine and aminc-
butyric acid. Failure of eyclopropane amincoarboxylic acid to support
growth muggests that the mold cammot open the cyclopropane ring to form
either homoserine, threonine or amincbutyric acid.

8ince threonine is known to give rise to butyric scid and mropionie
acid (55), both of these compounds were tested as possible intermediates
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in the utilization of the aliphatic amino acids. In higher animals
threonine can be cleaved to yield glycine and acetate (54). The results
show that of the four compounds, yropionic acid was the only one used

by the mold for growth. These results were comparable to those obtained
when aminobutyric acid was added to the medium. This finding is strongly
indicative of the use of propionic acid for pyrimidine formation in the
mtant by a pathway closely related to that by which the amino acids

are utiliged.

The metabolism of propionate has recelved considerable attemtion.
Stadtman (L3) has shown that dried cells of Clostridium propionicum
metabolize propionic acid in the presence of ammonium salts to form
beta-alanine. Thess reactions take place through Coenszyme A derivatives.
Propionyl=Coenzyme A is formed from propionic acid, adenosine triphos-
phate and Coenzyme A. Propionyl-Coenszyme A or acrylyl-Coanzyme A in
the presance of ammonium ions 1s convarted to beta-alanyl-Coenzyme A.

An sarly step in the uitlimation of propionate by pig heart invelves the
addition of carbon dioxide to the three carbon compound (55). This can
occur only after the propionic acid is comverted to propionyl-Coenzyme A.
The product of the reaction 1s methylmalonyl-Cosngyme A and the reaction
requires adenosine triphosphate. This product is then converted to
succinic acid by an isomerization reaction.

Other pathways of ypropiocnate metabolism exist. In cow udder
propionic acid~1-Ci% is converted to acetic acid-1~C4, a reaction
which can not take place by way of the above mentioned mechsnism (56).



Tn peanut mitochendria, proplonate appears to be axidised to beta=
| onte aoid, probably by way of the Coanzyme-i derivatives of
mﬁmm anid, asrylic acid, and betahydroxyyropienie acid (42).
inﬂwofmmeufmmmw, some of the inters
Mnmefkhau mimummwum pramoters for the
mmm of the compaunds WM wm woid, beta«hydrexypropionic
acid ma mwmm avid mmmd growth, suggesting ﬂm’b m or
all e! tham umgmﬁswmmtmndhw in the use ox mpimtc
for wrimidine formation.

The finding thet proplonste and related sompounds supported growth
of the pyrimidineless strain, led to the suggestion that thess compounds
were used for yyrimidine formation by cenversion to beta-alanine, betae
ureidopropionic scid, and dihydrourscil. When the compounds were tested
&# growth supplements, bheta~alanine was found to be inactive. However,
the rensining two compounds did permit growth to ccour. Although beta-
slanine itself is not utilized for growth, the pathway by which propienic
acid is used might require formetion of the sctivated form, beta-elanyl-
Coanzyne A. The failure of the mold to use beta-alanine indicates the
abme of the enuyme needed for the direct activation.

" The results obtained from experiments in which the growth of the
mold was determined as & funtion of time for these verious growthe
supporting aempcmﬂa, mdi«ta, however, that nelther proplonate nor
amincbutyrate can be used by a pathway which involves free beta~ureido-
proplonate or dihydrcuracil as intermediates. These conclusions were
resched on the basis of the results shown in Figure L, showing




amino-butyrate and propionate to give a lower maximmm of growth as
wall as begiming growth at a time far before dihydrouracil or ureido=
propionate. If propionate and amincbutyrate were utilized by conversion
to ureidopropionic acid, dihydrouracil and then to uracil, the lag in
initiation of growth, which probably indicates adaptation to the substrate,
should have been of the same order or greater than with dihydrourscil
and ureidopropionic acid. 8ince the maximum reached in the curves when
the latter substances were used as growth substituents, is similar to
that reached by uracil, these substances probably are utilized after
conversion to uracll by the reversal of the degradative pathway shown
in Figure 2. Once growth began, the growth rates as measured by the
slopes of the curves wers essentially the same, indlcating no great
destruction of any of the compounds occurred during the adaptive peried.
Compared with the otlger compounds, aminobutyrate and propionate ﬁera
found to give a lower maximum of growth. This is presumably related to
the use during growth of substantial amounts of these compounds for
metabolie resctions other than pyrimidine formation.

Since the absence of uridine derivatives for coenzyme reactions
has been suspected as the major deficlency in the mold as it begins
growth, selected compourkis were chosen to see whether the addition of a
gmall amount of uridine would ceuse any significant growth effect. The
results in Table II showed that only dihydrouracil gave a more than
additive response in the presence of uridine. A similar effect has been
ghown {21) for amincbutyric acid and threonine. These results are con-
gistent with the use of an initial supply of a trace of uridine to



provide s comsyme necessary in the utilisation of these compounds)
however, this doss nob ule out the possibility that uridine simply
allowed a more wapdd sdaptation by an wiknown process.

fhe remilts in Table IV, showing the whilisaticn by the mold of
both redicactive uracil and smincbutyrate supplied together in the basal
medinw, provide further support for the utilimmbion of sminctutyrate in
prrimidine blosynthosis. In the control experiments with ureeil-2-03%
alene, the molede ssid pyrimidines were labsled to & very high extent,
85 %o 93 per cant of the initisl eoncentration of redioactivity suprlied
in the urmeil. If the pyrimidines formed had as Sheir sole precursor
the uracil-2<C} of the mediun, they should have been labaled o an
idemtical axtemt as the precursor. The dilution of the lsctops which
way actuslly found indicates that mynthesis of the pyrimddines occcurred
#t the same time from the simple nom-labeled carbon scurces of the
medivm, seh a@ gducose and tartrade, s woll ss from the ursclil supplled.
When sminchutyrie acid wae added along with the uracil-2-C34, utilization
of urasilis2-03% vay decreased to an even greater estent, and produced
pyrimidines which ware lsheled to only 55 to T2 per cant of the concenw
tration of radicsctivity supplied a8 uracils2-034, fThese experiments
show that when amincbutymate and uraeil were present at the sams time
the molid wsed both for synthesis of pyrimidines. These experimsnts did
net indicate whether sminchatyric ascid caused dilution of the radio~
astivity by synthesis of urapil itself or whether it was utilized by
another reute. Nowever, the data presented previously in the growth




curves (page 19) suggests the two substances were used by different
routes.

If propicnate and aminobutyrate are used by the mold for pyrimidine
biosynthesis by the same yatiway, then the concentration of radicsctivity
found in the pyrimidines lsolated from the mold would be expected to be
of the same order as that found for aminchutyrate. Indeed, the results
shown in Table IV do show considerable dilution, 31 to 38 per cemnt of
the initial concentration of radioaetivity, to have taken place in
formation of the pyrimidines by the mold when propionate-2-01¢ was added
_ to the medium. However, aminchutyrate-3-C14 was found to be utilized
o the extent of 1l per cent of the initial concentration of radio=
activity. Thus, although the dilution is to a much greater degree than
uracil itself, it is to a lesssr degree than aminobutyrate. The rela-~
tively low concentration of activity found in purines, 10 per cent of
ths original radicactivity, indicatés that there is a specific incorp~
oration of propionic acid into the pyrimidines.

Further evidence for utilization of propionate for pyrimidine bio-
synthesis by the mold is found in the results sxpressed in Table IV.
Although in the above experiment the dilution of the initial radicactivity
was great enough to question the apeaiﬁai'by‘ of propionate utilization
for pyrimidine biosynthesis, this experiment shows that propionate is
used to a considerable extent. Agsin in the control experiment using
uracil=2-Ci¢ glone, a slight dilutiom of the isotopic carbon was noted
as the compound was used for mcleic acid pyrimldine formation. When
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yroptonts acid was added with the uraoile2-0% to the basel medium, the
uold used both of the compounds for pyrimidine synthesis. The urastl-
2«04 vas incorporated to the extent of 53 per cent of the initisl

sentestion of radiosotivity into the pyrimidines and practically no -
utilisation for purines. It sappears clesr, therefore, that yropionic

With this demomstretion of the use of the aliphatic acids, aminow
tutyrie and propienic scids, for pyrimidine blogenesis the problem of
the mth by which they are ubtilised presents itself. Bstause of the
sisllarity of the minner of growth, it ssems logieal to asmume that
both compounds are utilized by the same yathwmy. With the informatiom
prosented by the experimsuts deseribed in this theeis, a logioal pathuey
oan now be suggested. |

The proposed patimy 12 given in Figare 5. {m.the basis of pro-
plonic acid and amnobutyric asid bsing dlosely related, the suggestion
1s made that they go through a common intermediate which is beta-alanyle
coensyma A. This latter substance has slresdy been shown to be resdily
derived from propionyl-Coenzyms A. Note should be made that this is an
sctivated form of beta~alanine which might explain the failuve of the
latter mubstance to support growth. The addition of ribossephosphate
is believed %o take place at this step with ths formstion of the beta~
alanyl~Coensyne A-ribotide. The next atep would be the formation of
the beta-ureldopropionyl~Coenxyme A-ribotide. From this cempound,
dihydrourasil-ribotide could be formed and then reduced to uridine-5i-
phosphate. Actaally, the Infroduction of the ribose~phosphate cowld
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oomwr after the formation of betaureidopropionyle-Coumsyne A or the
mwwamzmomumm:mmaw
alayioribotide. At amy vate, it should be noted Shat thls route differs
from the mmmmmmmmammwmm).
indioete that uridine-5i-phosphate 1s degruded to betasalanine by way
um mmmmmﬁ a0id, and dihydrouracil, in that activated
Wummmmmmmwwmmwm
Prelinisary evidence has slready bew presented by Grisclia (ST) showe
ing that betasuveidopropionyl-ribotide and dilydrouracileribotide are
ensynatically converted to wridinee5t«phosghate by rat liver.

Little or no evidence iv available for the remainder of the propessd
petlay, ineluding that paré sggesting the route by which aminobutyrie
mwmwmmmmmmmmmmm Auhubumuum
previcusly 1t is known that smincbutyrate can be deaninated to form the
keto mmmmmmmrmmmemm. However, the
mmﬁdmm%mmﬁm,mgwpﬁwmmw.
Asother suggestion 1 that m formtion of hemoserine from amincbutyrate
by way of the vinylglyoine intermediate gives rise to hydraxymropionie
acid by a mechanim of desminstion and decarboxylation. Rydroxyproplonic
acid 1y related to propionic scid, supposedly through serylic asid or
betavalanine.

Bven though 1ittle direst evidance is available, this yatiwmy is
conalstent with the avsilable evidence snd is offered as a guide for
further study. Fairley (20) has reported the inhibitory action of
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arginine o the wse of aminobutyrie acid and wrecil for growth ef the
mitant. These studies were extendsd in the present work showing the
sane inhiditary effect of argining on proplenis soid and hemoserine
utilisation. The experiments demonstrated that only a very small amcunt
of arghiine (0.0) mg.) is nesded to conpletely inhibit growth in the
yresence of § mg. of aminchutyric acid, proplonic acid, or homnserine.
wauamwmmmtmwmwwmm
path. Ths growth of the mold in the presance of uracil, is inhibited
by arglaine, but only at mach higher concentrations. This indicates
that uracil probably does not follow the same pathway as propicnate and
sminchutyrate. Further evidence of this point wae cbtained in the
exparimsnt in which urseil-2-C3* was administered to the mold in the
presance of arginine. With the uragil-2+03% glene, a small amcunt of
diintion of the isobopie carbon wps again noted. However, with the
arginine this diintion was not yresemt. This seems o indicate that the
dflution, caused by the farmetion »f propionyl-Coemzyme A from the simple
carbon sources once metabolic yathways are underwsy, is inhibited and
all of the pyrimidines are formed from the uracil-2-0le,

The ensysatic experiments were undertalcen to obtain evidence as
to whather or not scme of the reactions postulated for the use of
propionste for pyrimidine synthesis actually do ocour in the mold.
Censiderable effort was expended trying methods by which the teough
mnmwmmmmm,wmmtmmmmtmm
roparatlons. Bast results were cbtained with the frosen mycelia



homogandsed in dry iee. Activity was shoun on urscil, aminobutyrate,
and beta-alanylepantetheine. The latter compound was tried instead of
1ts Coengyme A derivative for egoncmical reasons. These were all
preliminary esperiments and, a8 such, show that ensymetic sctivity
toamrd gertain substiates is present. However, no canclusions can be
mmmm@mwmmmmwwmpomm.



1.

2.

3.

Parther evidence for the utilization of anincbutyrats for synthesis
ef nucleic acid yyrimidines by the mitant N. crassa 1298 was cbtained
in experiments carried out with the addition of urmeil-2-03 and
andinobutyrate to the basal medium. The centrol expsriments with
wraoi1-2-02% alone showed & small dilution of the radicactivity of

ored, a8 it was inccrporated into the pyrimidines
of the miclefc acids. With uracil-2+C14 and amincbutyrate both in
the mediun the mold showed the ability to use both of the substances
at the same time. This was shown by the great dilution of the radio-
sctivity in the isclated pyrimidines.

A sesrch for further growthesupporting compounds for N. crassa 1208
added the following compounds: propionic, acrylic, betasiydroxy=
yropionic, beta-ureidopropionic, methylmalonic acids and dihydrouracil.
Verious intermsdiates of the Kormberg scheme were not used for growth.
Studies of the btime-ccurse of growth of the mold on varions supple-
ments showed that propionate and aminobu te give similar responses.
Beta~ureidopropionate and dihydrouracil required longer psriods of
adaptation before growth began.

Propinate~2-Ci¢ was found $o be incorporated, relatively speeifically
into the pyrimidines of the mold. The purines of the same experi-
ments contained much lower amcunts of carbon-lk.



he The presence of unlabeled proplomic seid in the growth medinm
depressed significantly the specific setivities of the pyrimidines
formed by the mold in & medium slso containing uraclle2-03%,

5. Arginine was found to inhibit atrongly the growth of the mold with
propiemate or hemoserine as mupplements. A weak inhibition of the
uste of wracil for growth wms noted. The pregence of arginine in
bassl mediun containing uracil-2-01¢ led o an increase in the
specific setivities of the pyrimidines formed.

6. m:‘.wmry axperiments showed that engymes were present in the mold,
which effected amincbutyrate, uracil and beta-slanyl-pantetheine.

7. On the basis of the yesults & new pabhwsy for the synthesis of
wrinidine compounds ls smiggested, & pathway whioh leads from
propioenyl-Comnzyme A through the Coensyme A derivatives of bataw
alanine and beta~areideopropionic acid to dihydrouridylic acid and
finally to uridine-5t-phosphate.
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« Basal NMetiumt Calolum chioride 1 em.
Amuontun tartoate 50 gn.
Pota mm 1 o
8 sphate 10 gm.
¥agpesium sulfete hspggydn 5 pm.
Bodimm ehloride 1 gn.
Sucrese 101 gw.
Biotin 26 gamma
Trace alement sclution 10 ml.
Distilled water to 10 1.
2, Trage ¢lement solution:
Sodinm tetraborate 8.8 gn.
Ammonivm molybdate 6.4 gm.
Parric chloride 50.0 gm.
Zino sulfate heptahydrate 200.0 gm.
Cupric ehlopide’ 27.0 ga.
Manganous chleride 4.5 gn.
Distilled water to 500.0 ml.

The mold is maintained on culture slants consisting

of basal medium comtaining 2 per cent agar and 1.0 mg. of uracil per

ml.

The agar and uracil are dissolved in basal medinm by heating

and 10 m3. fractions of the resulting culture medium are transferred
to Pyrex test tubes. The tubes ave stoppered with cotton rlugs and

are sterilized by subtoclaving.

The tubas are placed on a slant while

#till hot to provide maximm surface area and the contents allowed
to gel. The meld is transferrsd from tube to tubs at twowweek
intervals using standard sterile tecimique.



