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THE EFFECT OF CERTAIN, BIOLOGICALLY ACTIVE
SUBSTANGES UFON PROTOSTNTHESIS AND DARK
© CO, FIXATION®
E‘."Hg'x_zin'ge,*’% V. Lyn_ch,- L. Norrie and M. Calvin

Radldtlon Leboratory and Department of Chemlstry ,
Unlver31ty of California
-~ Berkeley, California

An invesfigation of the effect of inhibitors, antibiotics and other

‘ biologicelly active substances on photoeynthesis and dark COp fixation might

be expeetéd to eehtfibute further to our knowledge of these processes and,
in addition;ftc offer e clue to a better understanding of the mode‘of‘action'

of fhese'chemicaTS'du ring their 1nterference with metabolism. Therefore,-

, such a studv was undertaken u51ng tracer techniques which have ylelded conml

31aerab1e-1n31ght 1nt0'ph0posynthe315'and dark 002 fixation in recent yearsol

 In this firstvinveStigatioh we have explored only a small part of the

. field. Some of our experiments are of a preliminary character as a result of

our desire to gain a broader orientation within a reasonable period of timeo
However, since in our opinion the results obtained seemed to open important

paths for further research, we think it advisable to report the data and‘give

a short discussion of the phenomena at this time. .

xperlmental methods

Uur exverlments vere performed with 1 day old cultures of Scenedesmus

obliquus grown in a medium.containing 5mle 1 M KNOB, 2 ml. 1 MngSGA, 0.5 mlo

1 M KyHFO,, 0.5 ml’, 1 gxﬂzmu 0.25 mle 1 M Ca(NO3)y, 1 mle of trace element
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solution%** per liter. The algae were centrifuged in a refrigerated centrifuge
at 1500 robom° for 20 min., resuspended in .a small volume of distilled water,
- centrifuged égéin and fipally suspended in distilled water to make a 1% suspen-
sion. |
For photosynthesis experiments, 15 ml. of sus?ension were preilluminated
for 10 minutes in a flat circular‘ZO ml. vessel (diameter 6J§mo)’with parallel
glass winaowé (Figure'l)o‘ The substance whose.iﬁfluence on photoSynfhesis was
to be tested was added at the beginning Q£ this period to permit penetration
into the cells. .Air was bubbled through the suspension at a rate of approxi-
:mately 5OO mlo per minute. Reflector spotlights gave a light intensity of
about 7000 f.co onieach side of the vesséla To prevent,heating_of‘the‘algal
saﬁplé, runhingmwatermcooied_inframred filters'were'placed‘between the lights
and the veéselo | _ o
» After the preillumination period,_a small volume (50 or 100 Al@).of_a
; 60024 g NaHdog solution containing Clé_was_éddedp The'soiutions used had an
_activity of 200 p¢o or 400 pmu,?er ml. The ve§sei was immediately closed with.
a gréund glasé stopper and shaken in the’light for Z minutes, Thén the contents
“of the vessel were dumped rapidly into. 60 ml. of boiling'absoluté ethanol, .The.
mixture was boiled for about 30 seconds in order to make sure that all cells had
been killed and then cocled rapidiy by placing in rumning water. SO,or 100 #&o’
aliquots of the resulting suspension were "plated" on circular aluminum plates
in the conventional way2 and counted, 4Thié-gave %he total amount of activity
fixed in the experiment. Subsequentlyy the mixtures were centrifuged and the
cledar supernatant liquids decanted. 50 cr 100 ylo of these solutions were plated
and  counted t§,determine the émount of radiocactive carbon present in soluble
products. In éll of our two-minute fixation experiments this soluble fractién

proved to be 60-80 per cent of the total.
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In order to,determine which compounds had become radioactive, two=
dlmens1ona1 chromatograms were madeo3. For this purpose the solutlons were

evaporated to a small volume (sl mlo) 1n vacuo and 50 or 100 ylo portions -

then vere placed»on Rhatman NQo 1 filter paper sheets (46 x 56 cm. ) that had

beenvprewasheddWith'l% oxalic acid followed by distilled'water;A Phenol=water

e was used as the flrst solvent and a butanol=water=proplonlc acid mixture as

the secondo- Rad10autographs~were made using Kodak "No=Screen" X#ray £ilme
The varlous radloactlve spots were counted dlrectly on the paper°495 ‘When
the 1dent1ty of. the compound giving a radloactlve spot was doubtful it was
checked by cOachromatography w1th carriers and chemlcal tests after elutlon
fromsthe‘papere. Flnallyg a survey was made of the distribution of the act1v1ty
Iamonéﬁ%he'vafious_compoundso This distribution was exp:essed as percentage of
the’toéal,amouﬁt 5f radioactivity in the ~soluble fraction and as the'amount ofl
_ radloact1V1ty flxed per ml. of packed cellso

The dark flxatlon experlments were performed using comparable techniques.
The_compound~po'beﬁtested was added to 10 mls of a'2%-cell suspension. The
systems wepe'then,kept'in 50 ml. erlenmeyer flasks (stoppered) at room tempera-
ture in ﬁhe dafkvfor 150 minutes with occasional shakingo A’ter that time9
lOO #lo portlons of radioactive NaHCO3 sclutions (200 or 400 uc. /@lo) were
_added and the systems left in the dark with occasional shaklng for another 40
minutes. After this period, the algae were killed and the resultlng mixtures
-analyzed in the same way as described for the photosynthetlc experlmentso

Results

A, Dark fixation experiments
.Typical examples of the results are compiled in Table I. Each group of

Table I represents experiments performed at different ﬁimeso However, the
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conditiens in all experiments were as‘nearly identieal as poesibleo Controls
ere reported for each set of'experiments. vCszdarkbfixetien'wes studied under
‘the influence of amihopterin (four other anit-folic substances gave essentielly‘
the same result), aureomyc1n, terramycln, penlcillln, pyrithiamln, dinitro-
phenol, benzothiazolm2~sulfonam1de, neomycln and chloromycetin.

With the entifolics, no'influence on dark fixation'could_bevdetected, either
in.thevfate°of'602 uptake or 'in the nature or théyambﬁntsef"tﬁe'fadioaetive com-
pounds formed. Of coufse, one of.the'difficﬁlties with all experiments'of thie_
type is that it is hard to decide to what ekfent the added cempound penetrated
the cell,vor whether‘it‘has reached the site of possible acﬁiono

DlnltrOphenol in a concentration of about 103 M completely 1nhibited €O,
uptake, It is even concelvable that it may have kllled the algae during the
experimentOA We have no data on this poss1bllityo o ” :

There appears a varlablllty in the effect of those: chemicals which have
been tested on more than one batch of algae, ioeo'penicillin,and aureomycin in
groups A and B, It seems;most'likely that this difference is to be attributed

to the different ph&siological stetes oi the aigae used in the two sets of

| experiments. The evidence that. such a difference exists lies in the fact that
the total fixation by the control of group;B is less than half that by grOuﬁﬂAi
~and the distribution of radieactivity among.the,soluele‘eompounds is_quite dif-
ferent. There is, howevef, a certain amount of consistency within eaeh group;
When there appears a relatively large (?:2@%).departure fromffhe control in the
distribution corresponding to some added'coﬁéound, itreeems most likely that
this difference is attfibﬁtable to the effect of that éompound ﬁndervthese paf=

ticular physiological conditions.
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The ﬁost striking effect on the dark fixation distribution appears in
the experiment of'group A in which the labéling of malie écid is sharply
inhibited by penicillin (somewhat less so by pyrithiamin) while the total
fixation is changed very litﬁle‘<Figure 2). The experiments of grcgp B show
a similar effect (also for neomycin) but to & much smaller dégreeo |

Enzymetic studies have demonstrated two possible methods of malic acid

_f@fmation697o

GOy +.pyrﬁ?atéL;——E—s;oxaloacétate;—;—;—;;éspartate
| ¢ l' b
. ﬁalaté .

Therefore; thefdisappearanée of ﬁélic'écid afﬁer treatment wiih peniciliin
might be explained by a blocking action at either b or éo One might expéct
that under cértéiﬁ éonditions this would lead to increased incorporation into
aspaftic as appears to be the case in the experiménﬁs ofrgroup B with pénicillin
ahd'neomycin; | |

vThe fesults.wiih aureoﬁycin were som.ewhaf-varying° With céncentréticns
of lQmé,ﬁolarzor'leSS, we found no appreciable influenéé on GO, uptake although
there was slight‘iﬁdication of a slowing dowho ith concentrétiéns of 10°3 E
or 2 x 10*3E.fetardation of the o, upﬁéke was ébsérvedﬁ However, the degree
of retardation véfied in our experiments, the inhibition in group A being 100%,
in group B onlj 25%5 The_difficulty with relatively high concentrations of
aureomycin hydrochioride ié that the;algal éusPension becomes more acidic. Cell
suspensioné thatnhad been in contact with aureomycin for several hours during
dark fixation experiments carried on photosynthesis at ¢ normal rate after the
contact period. Therefore, the cells were not killed during this three hours

exposure to aureomycin.
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"Bo vPhotosynthesis experiments

‘The results of photosynthe31s experiments are preaented in Tables. II
and III, Dlnltrophenol in the concentration tested (3 x 10 x M) stopped
photosynthe81s as it stopped ddrk fixation. The antlfollcs showing no
1nfluence.on darkpflxatlon, did not alter photosynthesis. Also folic acid
proved tO'be-wiﬁhout measurable'effeet iﬁ a'cencentration of 2 b lO'h ¥a
'Penlclllln and chloromycetln had no 1nfluence on photosynthe31s Wluh re:pect
Ito elther the rdte of uptake -or dlstrlbutlono i

We concentrdted our research on aureomycin’ hydrochlorlde and terramycin

Hydrochlorlde° As is shown in Table II, these ant;blotlcs eccelerate the
rate of photosynfhesie upder the conditions of our experiments ebout 2 times
when present in a concentratlon of 5 x 107 Y (Noo lo) dnd 6 tlmes (No. 17)
when present in concentretlons of 1.5 x 1074 ¥ ) ngher,concentratlons (Nos.
13 and 19) gave no greatep 1ncrease in the amount of COzlf%xationo It appears
as ifg:at tﬁese concentrétions, apperent phofosynthesis has reached a maximum
velocity 1imi£ed by'a factor (light iﬁtensity?) thatbis almost irdependent of
furthef chapgee ip.the reeetion medium.

'Whe more stablllzed media and better-known conditions were obtalned by
morklng in phosphate or ammonium chloride/ammonia buffers nc further increase
caused by the additions of aureomycin could be demcnstrated. In dilute buffers
of this type, photosyﬁfhesis had already reached a ceiling value. Ammonium

chloride in low eoncentratiqn had a measurable, though somewhat smaller, effect
than hydrochléric'acid° Most probably it is due in large part fo a pH shift and
inereased buffer capacityo

Hydrochlofic aeid cauees an increase in 002 uptake. . Fxperiment 8 demon-
strates that the chloride ion does not have a measurablevinfluence at a con=

centration of 1073 M. Neither does the increase in ionic strength by salt
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additions. Experiments 14 and 15 in phosphate buffers éf pH 7 and 5 respec-
tively suggest that pH iﬁ our experiments has an influence on CUp uptakeog |
Phosphéte has évremarkable influence in rather low .concentrations (exp. 12
and;13)ﬂ vHere an increase due to buffer caﬁacity is not unexpected but the
effécﬁ'is‘sémewhat large_in order td be wholly accounted for in this_wayo****
Moreéver, a:§peci£ic,effect of.phOSPhats séems'not to be im?robable since |
the early carbon compounds of @hotosynthésis.are'phésphorylated cqmpouhdso

i mhisbeffect of:hyérogen ion concentratiom probably is dﬁe fo its influ-
ence on. the rate of penetratlon of carbon into the cell rather than to a _
dlrect 1nfluen;e”og internal metabolisme. Part of the effect of the thTO—
_ chléric acid saltslof both antibiotics can be attr;buted to a pH shift as
aureomycin and terramycin are extresmely weak bases. Experimént 9 as compared
with‘7.éuggEStSJthét'there remains 2 considerable effeét of the ahtibiotics
when thls pH shift is. accounted for. hxperlments 22 and 23, where an equlw
valent amount of sodlum hydroxide was added at the same tlme as the aureomycin
or terramy01n hydrochlorlae, seem’' to support thls view. However, even if, as
in these last experiments, there is no shift in the pH at the start of the
experlmentg we stlll»have nc guarantee that the antibiotics will not 1n£lum
ence the external GO, pressure., By potentiometric titration we found that
besides the weakly basic group (pKj 2 3.5) there is present a group with a
. pKp of 7-8 and one with a pKy arQﬁnd 9 in aureomycin and terramycin. It is
the second groupv(pKA'7=8)that conceivably could be of influence bylits buf-
ferlng capaclty when the radioactive blcarbonate solutlon 1s added to the cell
:suspensionSa During the relatively short term photosynthetic experiments, the
- system is not in equilibrium, nor hes it reached a steady state. Determinations

of only the total amount of fixation cf radiocactive CO; as influenced by aureomycin
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and terramycin did not furnish unequivocal evidence.for any'influence:of these
‘antibiotics on photosynthesis other than by their effect on the external medium
or_the cell membrane., Direct evidence on changes in the internal metabolism of
the algae became available after studying the chromatograms. -

Detailed information could be expected from the chromatographic analysis
of the various radicactive producfs formed duriﬁg theiphotosynthesiso Group A
of Table III gives some results of a series of experiments performed on tﬁe same

|

. N [ t
day with the same Bcenedesmus suspension under circumstances that were as con-

stant as possible regarding light intensity,»femperature, techniqué of analysis,
etcol Compare also the reproductions in Figure.Bo }One of the most striking
features is that invall tréatments the éctivity in moét of the weliwknown inter=
mediates (phosphoglyceric acid, carbohydrate diphosphates and monophosphates,
nucleotidés, serine, glycine, aspartic acid) is increased in the same ratio as
the total uptake. The chromatogram from the products of photosynthesis with
phosphate present shows an abnormal ihcreaée in the amount of alanine formed.
This is comparable to the results obtained from cells that have sﬁffered GO,
starvation before addition of bicarbonate. The'bicfure obtained with aurec-
mycin is rather normal, except for the high éctivity in sucrose ﬁhich usually is
obtained only in long-term photosynthesis experiments.

From measurements of the amount of total activity fixed, it is evident that
part of the effect of aureoﬁycin'consists in the elimination of A limiting pro-
cesso. One pbssible wéy to account for the general uniformity of the increase in
the various compounds is to assume an influence on the rate of penetration into
the cells. In addition to this rather general éffeét, the chrématographic résulté
indicate effects on internal processes during photosynthesis. This could be an
acceleiatibn of a process fesulting in‘sucrose formation, inhibition of sucrose

utilization or the blocking of another path of carbon.
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Group B of Table IIl presents results from another series of eXperiméntS¢ o
In this series terramycin HC1 and aureomycin HCG1 were neutralized to pH 7 with
NaOHvbequeladdition to the cell suspensions. The total amount of COZ fixed
wasiiéwer than in experiﬁenfs using the correspbnding hydrochlorides but higher
than in thevcontrOlo, The amount of radicactivity in.sucrose was alsp‘less than
in the hydrochlorlde treatments but greater than in the controlo-

The aad;tlon of ammonium chloride as well as’ aureomyc1n to the cells changed
the pattefg‘of<radioactive carbon,distribution considerablyé ‘The radioactivity
'invaspartié acid, glﬁtamié acid and glutaminé inéreased_markédly and the phos-
phate$ in géneral showed a decrease. This is another example of the change of
metabblic'endfprbgucts”produced by,the'additioh of exiérnally'added substances.
C. ﬁrowtﬁ ‘. |

 ‘The quésfion:of.whether the accelerating inflﬁence_of aureomy¢in extends

to theAqvgfall'yate of growth and cell division was investigateé by an.experim
ment in whichftesﬁwtube cultufes‘of Scenedesmus were grown in culture medium
contalnlng 10 =3 M aureomy01n hydrochlorlde in one set and 1077 M ammonium chlo-
ride in thg controlsa The pH of the latter was adgusted to that of the aureo-
myecin CU1tufes (pH 5) with hydrochloricAacido Figure 4 shows the results of
cell cqunts.made at intervals on both sets of cultures. It is clear ﬁhat cell
" division did not occur in aureomycin cultures. No obviously disproportionate
increaée-in size of the aureomydin treated cells occurreds In a separate experi-
~ment a enysfal'of aurecmycin hjdrochloride was placed in the center of an agar
pour=plate of Scenedesmus and the algae allowed to grow in the light. The
result was an inhibition zone (~3 Cilo dlameter) surrounded by a narrow clrcle in
which the algae grew to a greater depth in the agar than they did in the zone still

further removed in which the antibiotic presumably had no effect.
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:ﬁiscussion '

It is almost superfluous to stress that with the extreme complexity of
the interplay of reactions in photosynthesis it is nearly‘impossible to draw
definite conclusions about the kinetics responsible for a certain distributidn
pattern of activity obtained under a single set of conditions. However, specu-
lations as to probable explanations of the resﬁlts already obtained'wili-sug— |
gest new lines for iﬁvestigation. Fof'examplé, consideration of the remar-
kable increase of sucrose formation by aureomycin and terramycin has led us to
the conjecture that antibiotics could in some organisms have a direct acéeleia—
tion effect on certain steps of metabolism.

Oﬁe might suggest the possibility that an antibiotic functions positively.
in a metabolic process (as coenzymé) in the'orgahism whefe it is produced,
while in another ofganism with a comparable but slightly different enzymatic
construction it acts as an inhibitor. If this suggestion is true then it
follows that the susceptible organism (to a particular antibiotic) might itself
contain a substance having antibiotic properties against the producer of the
initial antibiotic. The idea of a positive metabolic function for the sub-
stances generally called anﬁibiotics kould have considerable significance to
genetics and theories of e’volut_iqn° |
Sumnary |

The influence of certain antibiotics and other biochemically éctive sub=
stances on CO, fixation in the dark and in the light was studied by cl4 tracer
- techniques. Dinitrophenol stopﬁed both processes, whereas anti-folics dia‘not
show ény influence on the rate or the pattern in CO, fixation by Scenedésmus

obliquus under the conditions of our experiments. OChloromycetin did not alter

the velocity of CO, uptake in the dark or in the light.
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Penicillin did not alter the totai uptake of CO5 but apparently altered
the metabolic pattern in dark fixation, e.g. the decrease in the amount of
radloactlve mallc acid form.ed° ‘In control exper_ments it was conflrmed that-
malic a01d becomes strongly labeled during dark CO2 flxatlon° Pyrlthlam;ne
had no 31gn1Llcant 1n¢luence on total dark flxatlon,-although it ioﬁered the»
act1v1ty of the mallc acid spot° | | | -

Aureomy01n hydrochloride had an 1nh1b1t1ng effect on dark fixation in :

- concentrations of about 10 =3 M. It accelerated photosynthes1s about two times

in 5 x 1072 M concentration and six times in l@S x 10™% M and higher concentra-
tions. Terramycin hydrochloride showed avsimilaf-behaViourQ " Probably part of

thie effect is due to shifts in pH and anotherfpart to inoreased‘buffering

evcapacity; While it was possible to eliminate the direct pH effect, it is dif-

ficult to estlmate the influeénce of the increased buffer cauac1ty, Analysis of
the chromatograms of the products formed revea*ed that the dct1v1ty in most of
the products found in short period photosynthes1s was 1ncreased prOportlonalLyo;

However, addltlon of aureomycln produced an abnormally hlgh 1ncrease in sucrose

and’ phosphate 1ncreaoed the amount of alanine produoedo A short dlscu881on of

these phenomena h&s been given.,
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Composﬂtlon of trace element solution: 2.8 x 10’5 MH B03 4 5 x 10" 6

, ° 4 H0, 3.7 x 107 M ZnCls, 1.6 x 10‘7 M CuSOy > 57Hy0, 5.6 x 10:8

 32Mo6 ° H20 l 8 x 102 M FeSOA o 7 Hy0, and 1. 3 X 1072 M tarteric acid.

) More extensive investigations in this 1aboratory by Dr. Dan MacDougall
seem to indicate that a very large part of the effect of aureomycln
“hydrochloride is due to bufferlng capacityo
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‘Table I
» GARBON DIOXIDE DARK FIXATION WITH SCENEDESMUS
10 ml. 2% Scenedesmus (200 A cells),:i50‘ﬁin. preperiod in the derk,

40 min. deTk fixation after addition of 100°A” NaHCO3 "(0.024 rolar,
200 or 400 ge/ml.), hot alcohol killing, final-volume;50 mlo

. GrouppA;
- Aureo-
- Dinitro= mycin
Substance Studied Contx"o_l‘4 Fyrithiamin Penicillin G phenol - HC1
Concentration = . = == C107M 271073M 1 1.5x1077M  2x1073M
Total counts/min. . _ | ‘
per ml. cells ‘ . '
per 40 mine. 1.15%10°  1,05x10° 1.41x105 0 0

Soluble activity/ B N ‘
total activity,% 8.0 73,0 71.0 - -
‘% of control fixed = 100 B 7) 123 0 0
Volo. COp/mle cells _ _

uptake x 10720 . 0.98 0.89 .. 1.20 SR .0

Distributicon of Activity

Malic acid L 8.9 . 3.5 . 0o P -
‘Aspartic acid 4705 39,0 5200- e -
Glutamic acid 410 56.0 4540 - —
Citrie acid S 003 e G0 e 0.9 S —
Succinic acid 2.3 . 15 . 245 - S
Fumaric acid - e A -— o men
Sucrose ‘ e | == e — S
Alanine e = o . — -

(1) Each of these groups constitutes a separate set of experiments done with
a different batch of algae.
(2) 200 he/ml. NaHGO3 usede
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Grdup Bt
_ | Aureo- ' Terra=~ o x

Substance myein = myein Chloro= Neomyein Benzothiazole
studied Control? HC1 HC1 mycetin  Fenicillin G sulfate - 2 sulfonamide
Concentra=~ — . 1.1x1072M 107N 1.6x1070M  1.8x107°K 500 mg./  4e5x1072H
tion - ’ ' - liter '
Total counts/

mine. per mle _

cells per 40 « . . : ' v . s
mine 0.93x105 0.70x105 0.70x105 0.87x10° 1.01x10°  1.33x10° 0.65x10°
- Soluble ' |

sctivity/

total acti- o '

Vi'by, c/b 97.0 - 920@ 9300 8900 9100 95'0

% of con~ S

trol fixed 100 75 75 L9 1069 1.3 . 70
Vol. COo/nl. |
cells uptake _ : ' ‘
x 1072 0.40 0430 0.30 0437 0.43 0.56 © 0.28

Distribution of Activity

Melic acid 3645 - 27.5 39.0 29.6 18.1 33.2
Agpartic

&Oid ‘ ’ 706 —c ) 7_02 6.8 12.4 1309 407
Glutamic : ,

&Cid.~ B 21.3 —— 36.6 T R0eR 2405 ) 29.6 '2406
Citric acid = 4e2 - 2.3 2,6 3.8 o4 7.5
Suceinic :

acid 18.6 — 18,2 20.0 18.1 2409 1601
Fumaric acid 2.2 - 1.7 2.6 : 27 249 565
Sucrose —— - - - — — ——
Alanine & — 6y . - 847 oo 9.0

(3) 400 pic/ml. NaHCO3 used.



16~

Table I (cont'd)

- UCRL=-2047

Group Gl

Substance Studied Contr012 Aminopterin
Concentration - 2°5x10'4M
Total counts/mine

per ml. cells 5

per 40 min.  5.6x10° 5.2x10
Soluble activity/ :
total activity, % 61.0 5460
% of control fixed 100 93
Vol. CO /rl. cells
uptake % 103 49 boky

Distribution of Activity

Malic acid 10.0
Aspartic acid _ 28,0
Glutamic acid 32.0
Citric acid . 6.0
Succinic acid 065
Fumaric acid -

Sucrose 11,0

Alanine = | : 2,0

10.0

| 38,0
3240
6.0

605
1.6
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Table I1

UCRL~2047

Effect of various chemicals on two minute photosynthesis with Scenedesmus.

1% suspension; 10 minute preperiod with the substance added.

Air bubbling

through.
( o . . - pH at the
. ml, GO/ % of Soluble/ start of the
Substance Studied Cone, x 10°  ml. cells Control  total experiment
1. Centrol | 100 6«3'= 703
2. Dinitrophencl | 0.3 0.
3. Penicillin 0.6 130
o | Chloremyeetin _ 0.4 90
5. Aminopterin (079 100
6. Folic acid 0.2 100
To . Aurécm;ycin HC1 0,15 600 602
2 Pbtassium chloride 1.0 - 120 7.0
9. Hydrochloric acid 00l5 ‘300 6.2
10, Ammonium chloride 0,15 - 200 602
11, NH,C1/NH,OH buffer 60,0 600 7.0
12, Phosphate 0,15 200 7.1
13. Phosphate 1.5 600 6.9
14. Phosphate _ 30.0 1300 7.0
15, Phosphate 30,0 600 5.,“0
| 16. Auvreomycin HC1 0,05 200 ;605
17. Aureomycin HC1 , 0,15 600 6.2
18, Aureomycin HC1 0.5 600 ;5,,@'
19, Aureomycin HC1 1.5 600 ~305
20, Phosphate and . 1.5 600 .
" aureomycin 0,15 '
21, NH,C1 and | 60,0 600 7.0,
aureomycin 0.15 ' :
22, Aureomycin 0,15 200 7.0
23, Terramycin | 0.3 500 7.0
2o Terramycin HC1 gé.ve approximately the same results as aureomycin HC1
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Table III - Group A

2 Minutes.Photosynthesis by Sceﬁé&esmus‘witﬁ Various Compounds Added

4

% of Activity on Paper

Hydrochloric = Aureo-

A Acid mycin-HC1 APhOSph&te
Control Table II#9 Table II#17 Table 1I#12

Origin - = ' 2.0 2.0% 1.9 1.2%
Nucleotides 5.8" 602" 7.2 8.7
Diphosphates 22,0 245 19.3 17.1
Monophosphates right 19.0 19.0 - 20,0 17.6
left 10.7 - 9.4 © 10,1 . 11.6

Prosphoglyceric acid and | . |

" Phosphoglycolic acid Lol o3 ‘ o b7 562
Aspartic acid 420 37 2.3 6.0
Serine and Glycine e 18.0 ‘ 13.6 8o5 | 10.6
Sucrose ' o5 659 2067 ' 561
Alenine - | 2.6 heT he2 1143
Malic Acid 1.9 1.6 1.1 2.2

% activity soluble in :
hot 80k alcohol 75 80 72 - 65

Counts/minute/A cells

Origin . 26 &7 151 | 86

Nucleotides 76 198 565 608
Diphosphates | | 285 786 1514 1230
Monophosphates right 246 610 - 1566 1267
left 138 302 787 836
Phosphoglyceric acid and |- _

phosphoglycolic acid 64, 136 - 364 363

Aspartic acid | 2 119 180
) - 3 e

Serine and Glycine 233 436 657
Sucrose 1 - 1 58 221 1513 356
Alanine 34 151 329 - 315

Malic Acid 25 53 90 161
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Table III - Group B

UCRL~2047

Nucleotides
Diphosphétes

Monophosphates right
left

Phosphoglyceric acid
Phospholecolic acid
Phosphopyruvie acid
Aspartic acid

Serine

Glycine

Sucrose

~ Alanine

Malic acid

Glutamic acid

. Citric acid

Glutamine

Unidentified

% of Activity on Paper

Aureomycin
: - Terramyein Aureomycin + NH,C1
Control Table II#23 Table II #22 Table 1I #21
9.6 9.0%. 11.2% 4o9%
602 12,6 7.2 9.8
7.1 9.7 - 1l 42
7.6 6.5 6l 549
18.5 107 19,6 344
2.2 1.6 , 1.5 -
2.2 .9 2.1 —
10,6 8.7 8.3 20.8
book 7.2  Tely 549
5ol 20 204 0.9
.100 1.6 2.3 -
4oB 5,0 o8 4ol
1905 177 149 16,8
0.8 1.0 . 0.9 5,0
Qa2 0.6 - 0o 0.5
| - 4ol
12.7
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Table III - Group B (Cont'd)

" Counts/minute/ cells
Aﬁreomyéln N

| I - Terramycin = Aureomycin : % .
Control  Table II#23 Table 11722 ;:,Table 1#21

Mucleotides | 159 487 528 - 3
Diphdéphates' . 103 '680 | 340 . 645,

':Monophospnates ‘right 117 524 538 ‘v 1276'
| Cleft | 126 350 289 388

Phosphoglycerlc ac:Ld b 306 - 790 ‘ @7 s ’e2
| Pnosphoglycollc ac:Ld 36 84 ‘ R . "“‘”
,' 'MVPhOSphOpyI‘thc acld 37 iR 97 e .
.Aspartlc acid N 175 . 470 391 - ~ 1360
Serlne _4‘_ _" - (/A 386 | ' 351 - 388['
E Glyc:me | A leO. ' 1= 61
.bucrose R 17 84 | _ llO . e
Alenine - g0 . 268 212 269
‘Maiib'abid D 322 956 705 1100
Giutamiciacia - ‘_' 1 52 41 325
Citric acid B A 33 20 _y o7

Glutemine B — — — 268

 Unidentified = — — —_— 834
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| ' C;p'lé;ons ﬂo_ F'.i‘-.gure,s

Figure 1 - Illuminaﬁion veés'el, for photosynthiesis experiments

Figure 2 - - S

Figure: 3 - (*) Because of the initial acidity of the paper, aspartic,
malic and glycollic acids ran farther than usual in

“the phenol (horlzontal) direction and ‘alanine did not
run as far. .
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Millions of cells/cc,

pH at

48 hrs.
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143

15.2

0 200 30
Hours after innoculation

EFFECT OF AUREOMYCIN ON CELL DIVISION OF SCENEDESMUS

Fig. 4






