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The Path of Carbon in Photosynthesis: 
11. Amino Acids1 
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The amino acid constituents of the green algae 
Cltlorelln pyrenoidosa ant1 Scenedesmus D-3 liavc been 
ex:~~nincdnftcr es1)osnrc to C1'O,, usi~rg the method of 
p:iper cl~ro~nntopr;il)l~y. only free arnino Not 1r:lve the 
acids been idcntific~tl, but thc radioactive uiembers of the 
g rou l~  l1:lve been ascertained. 

The rnetl~ods usctl in these experiments, which have 
becn prcvio~tsly describccl (Z,3), involve the prcpnr:~tion 
of filter p:~per clrronintogrn~ns of \vl~olc-eel1 cxtracts (80% 
etlranol) or of :~ntino :~eid n~ixt~rres  ol)t:~inetl by absorp- 
ti011 on cation exc11:lnge resins from the pl:~nt extr:tcts 
(1). The paper c I ~ r o n ~ : ~ t o g r : ~ r ~ ~ s  of the r:cdio:~ctive amino 
acids wcre eitlier sca~lncd with a Geigcr counter or radio- 
autographed. 

I n  Scenedesrn?rs we have found the following amino 
acids, listed in the order of dccrcnsing re1:ltive intensity 
of ninhytlrin color on the cl~ro~n:~togrnni:  glutnrnic acid, 
unknown,"^ alanine, serioc, arginine, valinc, aspartic 

acid, leucines, pl~cnyl:rlnniiie, tyrosine, a-aniinobutyric 
acid ( T ) ,  lysinc, @-:~laninc, thrconine, glycine, and pro- 
line.3 The mtlioactive amino acids plrotosyntlresized by 
Scenedesmva fronr CIIO, in 30 see (I) include predomi- 
nantly aspnrtic acid4 wit11 so~ncwhat lcss alanine. Other 
r:~dioactive arnino acids syntl~csizcd under these condi-
tions and detected by r:rdio:~utogr:~pl~y includcd aspara- 
gine, serine, @-al:inine, and ~ ) l~e r~y l : t l :~~ i i~~c .  

When the radioactive amino ncids synthesized in the 
dark (1  min) by preil l~~minntcd (10 min) Scenedesmus 
wcre separated, the predo~nit~ant r:idio:~ctive product was 
asp;~rtic acid with somewhat lcss lnbcled alanine. Radio-
active phenylalanine is  syntl~esizcd in much smaller 
amonnt. 

The analysis of Chlorella is  not yet as  complete as tha t  
fo r  Scenedesmvs. Thc follo\ving nmiuo acids have been 
found in Chlorella extracts: glutalriio acid, Icucines, 

lT11is work was performed unrler contract No. \V-7-105-
Eng-48 with the Atomic. ISnergy Coln~nishion in connection 
wit11 the Radiation Laboratory, University of California, 
Berirrlcy. 

Identirul with Spot #23 of Dent, Steplrn, and Steward 
and very prol)ahly the S ~ I I I I ( '  cOtnl)ound reportetl ax ( b )  with 
chromatograms of E. colb digest (A. l'olson. Nature, bond., 
1948, 161, 351). 

nrle to the yellow color of this ninhydrin spot, it is not 
possible to corripare its iutensily. 

4 Aspartir acid may be as high as 76% according to co-
crystallization assay. 

alanine, valine, glycine, and p-alanine. Chlorclla which 
have been allowed to photosynthesize with CUO, for  30 
see form a predominant amount of radio:cctive aspartio 
acid with almost a s  much alanine. Minor radioactive 
products include p-alanine and serine. Dark ( 1  min) 
C1q2  fixation by prcilluminated (60 mnin) CAlorella yields 
largely radioactive alanine. 

111 all p:lper cl~romatograms the glutamic acid ninhydrin 
spot was strongly evident. I n  no case was any radioac- 
tivity found coincident with this spot. 111 cases where 
glutnmine was prcscnt, no corresponding radioactivity 
was observed. 

T~I I IS ,i t  nppcars tha t  i n  both dark reduction of C140, 
and 1)lrotosynthcsis the sarne pattern of radioactivity in 
the atnillo acids occnrs. I11 both cases the amino acids 
which h:ive been identified correspond to the 3- and 4-car- 
bon anlino ncicls. Tlris is  in accord with the tentative 
scheme proposed earlier ( I ) ,  which inferrcd thnt the 3-
carbon arnino acids, alanine, serine, and @-alanine, have 
their origin in pyruvic acid and the 4-carbon ones have 
the origin of tlicir c:lrbon skeletons in oxalacetic acid. 
The positive drtermin:~tion of the absence of radioactive 
g l r~ t a~n icacid is to he taken as  evidence against the par- 
ticipation of the tricnrboxylic acid cycle in the anabolic 
path of CO, in pliotosyr~thesis. 
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Significance of Distribution of 
Fluorescein in Sarcoma 180' 

DANIELM. SEAPIUO~and B. 11. LANDING^ 

llledical Division, 
Army Chemical Center, Yaryland 

Moore, in a recent report (b) on the use of previously 
injected fluorescein in the diagnosis of human tumors 
a t  alteration, st:~tcd t l~at ,  under the conditions of his 
study ( d o s e 5  cc of 20% solution intravenously; dura-
tion between injection and operation-3-8 hrs) fluores-

1This work was condncted i n  part by rc grant from the 
Atnrrican Cancer Sociely to the Department of Preventive 
nledicine, The Johns Ilol~ltins University School of filedicine, 
rec~o~nn~cndedby the Co~nn~ittee on Growth of the National 
Itesri~rcl~ Tl~csc. stutlirs form part of joint proj- Council. 21 

ect on the cl~eniotl~eral,y of cancer being conducted at Tlle 
Johns IIol~kins I~lniversity Scl~ool of nledicine, Uepartrnent 
of I'reventi\~e AIetiicine, and the Medical Division, Arrny 
Chetnicnl Center, Rliuyland. 

l't.vhnical ;~ssistnncr in this study was rendered by Arthur 
J. Fisk. 

2 Cagtnin, M.C., A.U.S. 
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aence was found only in non-necrotic areaa of either 
primary or metastatic tumors, although it a h  occurred 
in areas of edema or cyst formation. I n  experiments 
made to drtern~ine whether this report wuld serve as 
the basis for a method. of determining viable areas of 
mourn tumors prior to transplantation, and thus of re- 
ducing tho incidence of failure of take, the following 
results were obtained. 

TABLE 1 

DISTBIBlJTlON OW FLUOR~~CEIN I N  SARCOMA 180 AT INTERVALS 
AFTER I N T R A V P N O O ~  ADUIN18TBdTION 

Fluorescence 
Time 

Animal tillsues* Tunlorat 

Under 12 Marked Xonnnlforn~ flunmwnce, 
min t(.n(lIng to be lrlgher on 

periphery 

12 mln-3 IIarked early to Uniform marked fluore- 
hra none nl :i Ilrn, cence 

wit11 nolue vari- 
ability 

3-7 hra Xone blarksl fl~~nreaeenre In n e  
crorlc alean: tended to 
decreane by 7 hru 

Flt~orwcc.nw naR p m n t  nt all t l n ~ e ~  In the colnn. gnll- 
bladdrr. and III.IIIH~Y bladder-the norural routea of ererelion 
of fl~~nre~rull~ ( 1 ) .  

t In n few 1111hnnlr 4 t h  upontunenun mnmmnry rareinnma, 
t h l ~  tltlnnr ul~nwcrl efwenlli~lly the wnrne ffvluel~ce of ch~in~es 
in diatributlut~ of Huoreaceh us the tranaplu~rted aarcoluu 180. 

Carworth Farm mice meiglting 20-25 grn and bearing 
15-day-old transplants of snrcolna 180 (jvith some mri-  
ation in size) were injected intraveno~rsly wit11 0.25 ec 
of a 1:14 dilution of saturated fluorescein in normal 
saline and killed a t  various times after injection by 
cruslling the cerricnl cord. The animnls were opened, 
the tumors I~enrisrcted, and both nnirnals and turnon, 
examined under ~~ltrnviulet light. Sixty-eight mice (136 
tumors) were etudied in groups a t  intervals from less 
than 1 min after injection up to 4 hr, and a t  f-hr in- 
terrals to 7 Brs. Tlre filldings in the varioua groups 
are summarized in Table 1. 

FIG. 1. (a )  Sectlon of tumor at 5 mr; pale central 
area is necrotic. ( b )  Dingrn~n of Rartle tunlor at au- 
topsy; outlined central area Rllowed fluoreucence. Xote 
that the necrotic and fluoreacing areaa correspond. 

Microscopic sections of all tumors showed the presence 
of irregular areas of necrosis. Fig. l b  shows the area 
of fluorescence observed in one tumor; Fig. la ,  the sec- 
tion made from this ti~mo'r to show the essential identity 
of the area of fluoreseenee and the area of necrosis. 

It is apparent from these data that the distribution of 
fluoreacein in Barcoma 180 after a constant intravenoue 
dose is determined by the length of time between injeb 
tion and observation and by tho amount of necrosis; a t  
the longer durations the fluorescence was thus observed 
predominantly or only in the areas of necrosis. Tlrese 
results suggest tlrat, in tlrcse tumors a t  least, a major 
factor detcrniining the distribution of fluorescein in the 
tumors at  any given time after injection is the slowness 
of diffusion into and out of poorly vascuhrized or necrotic 
arens. 

Relative staining of viable and nonrinble portions of 
tumors with fl~~orescein must thus be considered a dose- 
duration phenomenon, rather than the result of any spe- 
cific staining potentiality of either portion. 
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Physiological Adjustments in Chloride 
Balance of the Goldfish 
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Absorption of certain ions, pnrticularly chloride and 
sodium agninat nu osmotic gradient, by the gills of 
certain fresh-rvnter fisl~ee was demonstrated by K;ogh 
(1) .  The goldRsl~ proved to be a favorable subject for 
tltcse experiments, but in the case of chlorides, a t  least, 
Krogh (-9) states that the body must be depleted below 
normal ion concentration of tlre internal medium before 
absorption occurs. IIe accomplished this by leaching the 
chlorides from the fish with diRtilled wntcr. However, 
there are no qunntitntire studics sl~owing that an initial 
reduction of the chloride level is necessary to evoke 
absorption of t l~ i s  ion. I n  the present studies data were 
obtained upon tl~ia phase of tlre cl~loride problem. 

Vigorous goldfish (body weight, 45-95 gm) from a 
commercial hatchery which had been kept for a t  least 
5 dngs witl~out food in tanks of flowing water were used. 
Througl~out the experiments each iish was held in a 
glass battery jar contaiuing a carefully measured volume 
of tnp water aerated continuously with washed, com- 
pressed air. In  those situations in which it  was necessnry 
to separate the activity of the gills from that of the 
kidneys, a thin rubber sack was slipped over the tail of 
the fish and brought forward to the level of the pectoral 
fins, where it  was bound sni~gly to the fish with cotton 
thread. Preliminary experiments hnd shown that this 
procedure did not interfere with equilibrium or locomotion 
of the fish. The urine and feces formed were collected in 
the rubber sack, but since the fish were in a fasting 
state, the material from the alimentary tract was negli- 
gible. The movements of the chloride ions were de- 
termined by analyses of the water surrounding the fieh 
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