
Vol. 16, No. 1, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

IEDUCTIOE OF ASPAHPIC TRAESCBRBdYYLd SE BY CARBOIV DIOXIDE 

Y. lpazsrio and 3. L. Reissig 
Facultad de Cienciaa &8&8&t y Eetnrrrlea, 

Univereided de Buenos Aires, Per6 222, Buenos Aires, Argentina 

Received April 14, 1964 

Carbon dioxide is involved in the biosynthesis of argiuine and the 
pyriaidines as a preoursor of oerbauyl phosphste (CP), whioh in turh 
donetee oerbauyl residues to the above pathways in reaotions 08talyaed 
respeotively by oruithine transoarbamylese (OTC) and mpartio traus- 
oarb8mylese (ATC). This soheme holds for a variety of organisms, 
inaluding Beurospora (Reiohard, 1959; Davis, 1962). In addition, em 
responses to o8rbon dioxide observed in Eeuroepora mutants defioient 
in the synthesis of arginine or pyrimidinee (Reiasig and N8Z8tsriOP 

1962; Charles, 1962) are not expl8insble in terms of the role of oa- 

bon dioxide a8 CP precursor , suggesting that aarbon dioxide may also 
h8ve e regulatory role in these pathways. In this oommuuio8tion we 
shell report on a further instance of oarbon dioxide response in 
Heurospora, resulting from the induction of ATC. 

Among the pyr3 mutants affecting ATC, two types oan be reaognised: 
pyrN mutants, having very little or no ATC and therefore pyrimidine 
auxotropha: and pyr Em-arg mutsnte, having levels of ATC which are 
low, but still oompatible with prototrophio growth (Reissig, 1963b). 
Both types are selected taking advantege of their ability to eupprese 
the arginine requirement of mutant erg2 (Reisaig, 19638). In this 
faehion, the pyreusarg alleles were obttined on str8in.e carrying 
arg2, snd their pyrimidine requirement was inveetig8ted in the pre- 
aenoe of exce88 arginine. It was found that while pyreuWerg mutants 

grow prototrophioally under air, they become markedly pyrimidine de- 
pendent if 811 carbon dioxide is withdrawn (Table I). 

The authors are oareer fellows of the Consejo lWxMi81 de Investigs- 
ciones Cientificas y T6onioas (Republic8 Argentine) which also sup- 
ported this investigcrtion with 8 grant-in-aid. 
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TABLE I 

Stimulation of pyra”~8r6 by uridine in the abaenae of CO2 

strain Effeot of adding 100 mg/l uridino 

genotype number ($ differewe in grovth index) 

under air 

1; 

+ll 
+69 
+14 
+21 
+ll 

under Cop-free air 

+37 
+196 
+343 
+PO 
+39 

+276 
+96 
+54 

+102 

arg2 ,pyr3+ 
(control) -6 

a=@+ 9psr3+ 
(oolltrols) 

g493-278 
@493-568 
@493-688 
@493-1248 

-13 +12 
+15 

0 
-6 +15 

Yiorooonidia were inoculated on plates containing solid “mInimal” 
medium supplemented rith 20 mg/l arginine, and uridine as indIaL 
ted. For the Cop-free series, the plates rere plaoed in va~utua 
desiooatora over concentrated XW? aolutione. Growth raa meaeured 
at aonvenient intervala, and the growth index equals the time 
taken for tha myoelial front to travel 40 mm, minus 40 houra (the 
ahortest lag period). This index vaa ohoaen beoauae Neuroapora 
mutants rhiah reapond to carbon dioxide eventuslly grow at m8xim- 
al rate even under deficient oonditiona, probably beoauae of en- 
dogenoua oarbon dioxide formation; therefore growth responses 8x-a 
displayed only at the initial atageaa&gg@aig, 1963b). ATC ape- 
oific 8CtiVity in 4 of the above pyr atraina r8nged from 
2O-3C$ of that In the controls (A. J. JobbBgy, personal communi- 
08t ion). 

All atraina teated were derived from ED416-la by one IOUt8tiOlutl 

step. Therefore, the differenoea between pyraumarg and the oontrole 

can be traced to allelic differences at pyr. Since these dlfferen- 

tea in turn involved ATC deficiencies, the results presented atrong- 

ly euggeat that either the synthesis or the aativity of ATC is atl- 

mulated by carbon dioxide, this effeot being detectable as a growth 

response only in those strain8 in rhioh ATC is limiting. 
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Direct testing of the above hypothesis failed to show an effect 
of bicarbonate on ATC activity in vitro, but confirmed that cultures 
grown under higher tensions of carbon dioxide eyntheaize more ATC 
(Table II). The conccmltant reduotion in the partial preseure of 
nitrogen is not reeponlrible for the effect observed: cultures under 
70$ air plus either 3C$ argon or 36 oxygen dieplayed the 8898 ATC 
specific actlvitien ae under air (1.2, 1.1 and 1.3 respectively, but 
5.9 for 309& carbon dioxide in the same experiment). 

TABLE II 
Induction of ATC by carbon dioxide 

Compositicn 
of the gas phaee 

ATC specific actlrity in cultures 

4 dnya old 8 dayr old 
onmlaiPsl onuridino on minimal 

Air 1.2 0.9 1.8 

99$ air + l$ CO2 1.9 1.6 2.9 
YO$air+10$C02 3.5 2.5 2.2 

70$&r+ 3MW, 8.4 7.6 3*2 
Q# air + 30$ CO2 + 6$ O2 3.1 
@ air + 50$ CO2 + lO$ O2 4-2 
1@6air+ 7O$CO,+l&O, 8.7 

Strain I@493056a was cultured on solid medim (Table I) overlay- 
ered zith cellophane to prevent anaerobic growth, in deeiccatom 
with the indicated gau nixturee. Uridine was added at 100 41. 
The aerial nyoelium naa lyophllized, extracted by suspending in 
cold 0.018 Y Trie acetate, pH 8.2, and assayed for ATC by the 
method of Lorensteln and Cohen (1956), slightly modified. Pro- 
tein van measured acoording to Lowry et al. (1951). Specific 
activity ia expreeeed aa units (micromoles of carbamyl aspartate 
formed per hour at 35') per mg protein. 

NC depression of ATC wae observed in culturee grown in a desiocator 
over XDH; a finding which probably means that endogenoua aarbon dioxide 
cannot be easily removed exhaustively. Neither carbon dioxide, nor bi- 

carbonate raised the ATC level of liquid cultures; suggesting that sub- 
merged oultures may be already saturated with carbon dioxide. This in- 
terpretation ia In aocordance with the high ATC oontent of such cul- 
tures (4 to 5 unit8/mg protein). 
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Sime oarbon dioxide is a preoursor of CP, the possibility was oonsi- 
dered that induction be mediated by CP, after the fashion of the "si- 
multaneoas adaptation" hypothesis (Stonier, 1951). This possibility 
was ruled out beoause a Culture blooked in the OOnver8i0n of carbon di- 
oxide to cp (Srgj,pyrY: 30300-37301; kindly provided by R. R. D8tis) 
displayed the usu81 ATC increzmnt in the presence of high carbon di- 
0ldae. 

Di#3OUf3#3iO~ The d8t8 presented indioate that oarbon dioxide, or 8 

produot of its metabolism different from CP, induces ATC. Although 
growth experimente (Table I) 8na eneyme assay8 (Table II) indio8te re- 
sponses at different ranges, this only impliea 8 methodologic8~ dif- 

ference. The effeota on growth could only be deteoted with flux oon- 
trolling levels of enzyme (gaoser, 1963) and this is aohieved only in 
the early stages of growth (see legend of Table I), when endogenous 
carbon dioxide is not 8 signifioant factor. Enzyme assays, on the 
other hsaa, are performed on fully grown oultures. 

Scheme I 

t 
I I 
I ornithin , I F oh.2 

aitrullin~to a&nine 

C02+BH3 or preoursor X(4)CP -1 

-to uridine 

Step (1) is probably spontaneous (Jones and Lipmann, 1960); the 
enzyme oatalyzing step (4), Enz X, h88 not been identified. 
staas for osrb8m8te kinase. %-8rg Intermediate mutant sllelee (pyr 
aa 8rglP) have also been inaioetea. Jhat8nte in the pyr3 region 
have been ol8ssified as pyrlo or pyrM acaording to whether they af- 
feat ATC or not. Arg2 has CK but appears to affect in some way 
steps (1) or (2) in vita. Steps (4) and (5) are regulated by uri- 
dine and oarbon dioxide (see text). The dotted 8ITOW inai08te8 
that the two CP pools, normaly utilized respeotively for arginine 
and pyrimidine synthesis, nay feed into eaoh other under speoisl 
aireumst8naes. 
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Soheme I, emerging from the work of several laboratories (Davie, 

1962; Davis and Woodward, 1962; Fairley and Adams, 1961; Beissig end 

Nazario, 1962; Charlee, 1962; Woodward, 1962) has been elegantly oon- 

fiwed by Davis (1963). 

Evldenae that step (4) might be subjeoted to the same regulatory 

regime as step (5) ia provided by the fact that arg2 grows slowly in 

the absence of arginine if carbon dioxide is provided, and that this 

slow growth is antagonized by ulridine (Reisaig and Nazario, 1962). 
More oompelling evidence is provided by the fact that pyrN and pyrH 

are oontiguoue on the chromosome. This proximity could hardly be 
coincidental, and suggests either the existenoe of a bifunotional en- 

zyme catalyzing steps (4) and (5) (wooaward and Davis, 1963) or of two 

enqfmes 000rdidiea in an operon. The adaptive significanoe of the in- 

auOti0n 0f step8 (4) and (5) by carbon dioxide should be oonsidered in 

oonneotion with the general phenomen of "derepreseion by the first sub- 

strate" (Gorini, 1963). 
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