
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Sites of Azaserine Inhibition During Photosynthesis by Scenedesmus

Permalink
https://escholarship.org/uc/item/6r34d026

Authors
Barker, S. Alan
Bassham, James A.
Calvin, M.
et al.

Publication Date
1956-05-08

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6r34d026
https://escholarship.org/uc/item/6r34d026#author
https://escholarship.org
http://www.cdlib.org/


UCR 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK LOAN COPY I 

This is  a Library Circulating Copy I 

which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

BERKELEY, CALIFORNIA 



UNIVERSITY OF 

UCR 

CALIFORNIA 

TWO-WEEK LOAN COPY 

This i s  a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

BERKELEY, CALIFORNIA 



UNIVERSITY OF GAL 

Radiation Laboratory 
Berkeley, Gslifopnia 

Contract No. W- 7405-eng-48 

DURING PHOTOSrnTHESIS BY SCENE DESMUS 

S. Alan Barker, Jgmes A, Ba8eham, M. Calvin, 
and Ursula C.  Quarck 

May 8, 1956 



SITES OF 
DURING PHOTO 

49 
S. Alan Barker, James A. Basaham. M. Calvin, 

And Ursula C. Quarck 

Radiation Laboratory 
University of California 

Berkeley, California 

INTRODUCTION 

The success attending the use of a u s e r i n e  '@ a s  a specific inhibitor 
of one atage in the metabolic pathway leading to the synthesis of inoainic 
acid i n  pigeon liver prompted us  to use thim antibiotic in a similar  attack 
on purine synthesis i n  Scenedesmus. However, investigation of the products 
produced during photosynthesis by euspensione of these algae in  the presence 
of aeaserine showed that a mora  widespread interference with metabolism 
had occurred. The purporre of this communication i e  t o  deeeribe the oatura 
of theme effects and to  attempt to assess their importance i n  a general picture 
of the metabolic effects of azserine. 

EXPERIWNTAL 

Emerimenta l  Procedure 

Two euspeasiona, each containing washed Scenedesmus eelle (packed 
volume, 0.2 cc )  and KH2POq solution li0.4 cc; f .2 x 10-0 M; in  21 ce and 
one with added L-asaserine [4 mg), were teft for  1 ho lr in thin g lass  con- 
ta iners  illuminated on each side by a 150-watt light [reflector flood) to 
achieve steady states with 47% C 0 2  in  air .  E ch suspension was then allowed 
to photosynthesire for 5 minutes with N ~ H C I ~ O ~  solution 10.9 ce; 360 ye7 and 
then flushed with air for 1 minute. The eel18 were killedVby pouring them 
into boiling ethanol (88 cc), and the reeultiag 80% ethanol extract  was separated 
f rom insoluble material which was then reextracted with 2070 ethanol '101) cc, 
The total fixation of radioactivity was determined in each ease by uniformly 
distributing and drying 50-yl atiquots of the 80% ethanol suspensions plus 

--. - 
% 

Rockefeller Re ear& Fellow, 1355- 56, 
Hartman, Levether and Buchanan, 3. Am. Ckern. Soc, 99 ,  501 (1955), - 



50 p.1 b ascetic acid on aluminum di 
wits a Scott large - window Geiger- MuelXer tube, 
extracted Prom eaeh suspension -with 80% ethanol 
wers determined in a .similar manner. After the combined sxtr f 
each suspsnsi n were concentrated to 3 to 4 cc, aliquot (caleul2ated to g co t t ah  1 x 10 counts/min. each) were applied to several washed 
Whatman No. 4 papers and separated first in phenol-water and then io 
butanol-propionic acid in the manner described by Wilson and Caltbin. 
After radioautographs of the chromatograms had been made, the various 
components detected on the papers were coclnted (Table 
co~rect ion for self-absorption of radiation would be the same for each 
cw-.i-mund, no correction was applied. The results of a duplicate ex- 
pe;i,ztent, i n  which 1 mg of azaseriae was ueed, are also presented (Table 11.. 

Other experiment8 carried out in a manner identical with those de- 
scribed above were 9 3 )  a repetition of the 1-mg-azaserine experiment in 
which aa  intenee photospot light war rubstituted for one of the reflector 
floods for 50 minutes of the l iho ir steady-state period [Table IS), and 
(2 ;  aa experiment in which one suspension contained 4 mg azaserine and 
the other contained both azaserine 14 mg) and glutamine (5 mg) (Table XU). 

Chromatograms from each of the above experiments were sprayed 
with ninhydria to obtain a qurlitative estimate of the concentrations of 
amino aeids present. Glutamine obtained from azaserine chromatogramrs, 
a n  we81 a s  the glutarnic acid produced from i t  by hydrolysis with 1 N HCI 
at PO00 for 2 hours, were characterized by cochromatography on tFo- way 
paper chramatograms and by ionophoreeis on paper for 3 hours a t  600 v 
in 0-1 A4 propionate, pH 5.6. Sucrose, amino aeids, and carboxylie acids 
mtnt30Ped in Table I were likewise characterized by cochromatogrophy on 
two-way paper chxomatograuns and most of them also by ioaophorctis: 
separations. The lipids, phospholipids, and pigmenta all were moved at 
a similar distance in phenol- water but were separated in butanoll- propiodc 
acid into two rnob2e areas  designated lipid fcontaining some pigment), 
phospholipid (containing ao vieibie pigment], and a stationary area dea- 
ignated X jcontaining some pigment). No radioactivity could be extracted 
from thesle a reas  by water elution, but rnost of the activity was extractable 
with a mixture of petroleum ether and ethanol. e compounds in Area X 
ran iaster than difiosphopyridine nucfeotide in phenol-water, but showed 
the same lack of mobility in butanol-propionic acid, 



The effect of aeaserine oa Seenedeamue 

Control I Azaeerine I i4 mg) Control I1 Az;meerine I1 (1 mg) 
-- 

22 x 10 6 2"4. la6 
45.570 47% 

LOYO ethanol extract 5.9% 4.5% 



-" 
C o n t ~ o l  IbT Aaasesine ,I :n : 

Determination con alumintun disc ~eaunts//mila~ 

~a'tal fixation 
80% ethanol extract 
2070 ethanol extract 

Detel rination on paper [counts/miuj - 
Giu"amine 529 
Glutarnic acid 495 % 
Aepartie acid 9089 
Serine 2834 
Alanine 2345 
mycine 
Thr eoniae 
Sucrose 

1 
Malic acid 
Citric acid 
a-Ketoglutarie acid 
Fumaric acid 
Succinic acid 
Glyceric acid 
Glycolic acid 
Lipids 
Phoepholipide 
Area X 
Sugar Phosphates, 

Pf2A and origin 



Attempted reversal of azaeerine inhibition with glutarnine 

Azaserine {4 mg] A zascrine [d rn 
alone glutamine 3 rn 

Determiuation on aluminum disc (counte/mia) 

Total fixation 
80% ethanol extract 
2'3'/0 ethanol extract 

Determination on paper {counta/min 

Glutaxnine 
Glutarnic acid 
Aspartic acid 
Serine 
Alanine 
Glycine 
Threonine 
Sucrose 

1 
Malic acid 
Citric acid 
a-Ketoglutaric acid 
Fumarfc acid 
Succinic acid 
Glycolic acid 
Lipids 
Phorpholipids 
Area X 
Sugar Phosphates 

PGA and origin 



The erioae phosphate, pentose rnonoph 
phosphate, hexose monophosphate, phospho 
pyruvate were eluted from control arsd a z a s  
treated with purified v P o l i d a s e ~  phospltnataap, 
lyzec? by paper chromatography and radioauto 

The effect of azaserine (4 mg; on Chlorella was also  determined in 
two experiments [Table N) identical 6 t h  that described for the Scenedeernu 
model experiment except that in one case the time of flushin 
30 sac  and in  the other, 60 sec. 

DISCUSSION 

It 2s evident Prom Table I that with Seenedesmus the azaserine causes 
a build-up of the acids (e. g. , citric, rn utaris,  succidcj of 
the Krebs tricarboxylic acid eycle and radioactivity and 
amount irevealed by niahy,drin$ of the amino acids [giutamic acid, aspart ie  
acid) derived therefrom by amination o r  tranaamination. Manine, serine,  
vaiine and tyroeine, which are also known to  be formed by tranaamirsation 
of their corresponding keto- acids, were likewise depleted. Because of the 
low activity of glycine and threonine and the presence of other compouadbp 
in  this area the effect of azaserine on tbese amino acids could not be 
arsessed. Glutamine, 4 which is a donor of amino groups during t rans-  
amination, incraaseo markedly in activity and amount @ppraximatelp P 
mgj'g cells, as estimated by ninhydrln) in the presence of azaserine,  It 
is therefore euggested that azaserine in ter feres  with transaminatioa re- 
actions, either directly by inhibiting the actual proceae of transarninat%on 
o r  indirectly by interfering with the synthesi* of pyridoxal phosphate o r  
pyridoxailamine phosphate, which are necessary as coenzymes of such 
reactions. The second possibility seems  less likely because of the shor t  
t h e  available for that inbibition to appear for  which there compounds a r e  
coenzymes. Figure 1 indicate* some of the suggested si tes  of azaserine 
inhibition. Kaplan aad stock5 have a180 concluded that aaaseriae is a n  
inhibitor of amino acid synthesis, on the basis of their  observation that 
inhibition of growth in  E. coli by azaserine can be overcome by ad 
of certain amino acid@.- '1Cw'-d-azaserine-inhibited reactions, which 
recently been reported, wolld also fit into this  acheme. It has been shown 
that azaaerine inhibits the conver eion of a- N- formyf glycinamide ribatide 
to a-N-formylglyci~~anlidi~e ribotidea and the amination of xanthoaine-5'- 
phosphate to g~anaaine-5~-phosphate. 6 L-gtutaxnime is the donor of amino 
groups in both these reactions. 

m n a a d  S. V. Tict. J. Bid.  Chem. - 181. 173 (1950:. 

L. Kaplan and C. C .  Stock. Federation Proc. 13. 239 i1954). - 
M, Bentley and R. Adam.. Federation Proe. 15, 218 (1956;. - 



'She Effect of Azasarfne on 

Control. IV Azaeerine PV Control V 
(4 mgj-air- 

flushed 30 eec 

Determination on uminum disc fcou&ap~min:. 

Total fixation 25.4 x 10 6 
8070 cthftaol extract 60.5% 
20% cthattol =tract 8.370 

Determiaation on paper (count simin 5 
etutamine 
Glutamic acid 
Aepartic ac id  
Serine 
Alanine 

Threonine 
Sucrose 
Malie acid 
Citric acid 
Fumaric acid 
Lipids ) 2101 x 9.5 

Sugar phosphates. 
PGA and origin 11,583 x 9.5 12,085 x 9.5 
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Fig .  1. Poss ib le  s i t e s  of a z a s e r i n e  inhibition. 



An interesting feature is the build-up of glutarnine despile iile a' 
that the formation of giutamic acid f i ts  precursor ,  is partially inhibited 
by azaserine. It is to be noted, however, k t  the decrease in glutamir: 
acid is by no means ao marked a e  the decreased formation of aspartic: 
acia in the presence of alraserine. One explanation of this may b e  that 
whereas it is knownf that glutamic acid can be synthesized from N B ~ ~ $  
and a-ketoglutaric acid, the synthesis of aepartic acid by a similar  r e -  
action of N H ~ *  and oxdacetic  acid has  not been proved. This alternative 
pathway of glutamic acid synthesis, not involving tranaamination, probably 
operates i n  Scenedesmus. 

Since the formation of se r ine  is blocked partially by azaserine,  
enAailer  amounts of cthanalamine and choline [which a r e  derived f rom i t ,  
are available for incorporation into phospholipidr, and this  may account 
for  tho decreased radioactivity found i n  this region of the chromatogram 
in  the presence of azarrerine. The Pipid and a r e a  X also  show decreased 
activity. This might be accounted for,  at least in part. by blockage of a 
transamination reaction leading to the glycine that is necessar  for  the 
synthesis of ?he heterocyclic ring8 in the p r ~ ~ p h y r i n  pigments. 1y 

Glycolic acid, w&ich generally accumutatecr3 at low CO pressures,  
was cooriderably increased at higher levels of azaseriae. &is eould not 
be cauaed by a lower rate of C02 fixation, since this ia increased by 
azaser ine  during photoeynthesi 8. The increased levels  of acids 'n the 
Xrebs cycle may cause an increaaed formation of plyoxylie acid, which 
with a n  inhibited glycine formation would be available fo r  glycolic acid pro - 
duction. The increaaed ra te  of GO2 fixation in the presence of aaaserine is 
probably reeponrible fo r  the increased level of sucrose drained f rom the 
photoayathetic cycle. 

hramination of the components of the photoapthetic cycle, by aealysis 
of the products produced by phosphatase action, revealed the presence of 
glyceric  acid and all the usual sugars. Several additional uaidentified 
components were detected in  the phosphatased tr iose phosphate and glucose 
cyclic 1, 2 phoephate areas eluted from azaserine ebsomatograms. 

The total fixations in the experiments, in which an  intense photospot 
light was aubetittated for one of the reflector &ode for 50 minutes of the 1- 
hour steady- state period {Table IIi indicate that a l a rge r  proportion of the 
algae were  killed by the bright light in the presence of azaser ine  than i n  

' H. A. Kraba and P. D. Coheo, Bioehem. J. 33, 1895 (1939). - 
Della Ross, Altrnan, and Salornon, J, Biol. Chern. 202, ??I-$ 11953',. - 
Smith. Stamcr, and unsalus, Biochenn. biophys. Acta 19, 567 1,1956:. - 



its absence. However, control and azaeel~ine c 
carrying a total activiw d 1 x 106 eountsdmirr, 
with the same order of relative activities as t 

An attempt to reverse the e 
'i glutamine was only partially succ 

radioactivity in the lipid, phospholipid, 
observed. The apparent coatiaued build- up of gluta 
by suggesting that while the rate of conversion of C 
to glutismine remains almost the same, the introdu 
glutamine causes a dilution of radiocarbon in the glutamine pool, with a 
consequent lowering in the specific activity of the lutarnine being con- 
verted to further products and hence an increase in  the residual 6314 
glutamine observed. It is interesting to observe that the combined 
effect of azaserine and added inactive glutaxnine has caused almost a 
twentyfold increase of C1* glutamine. 

Although azaserine caused a marked increase in @ 0 2  fixation by 
Chlorella [Table fV3, analysis of aliquots containing equal amounts nf 
radioactivity showed that the radioactivity of most of the metabolites 
relative to one another remained the same. 

This work was done under the auspices of the U. S. Atomic,Energy 
Commission. 




