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SUMMARY

Kinetic studies have been performed on the appe

érame of 11‘0 in

free aminc acid pools and In the amino acld m’oie’cies of protein in

Chlorella p}{renoidosa during steady-state photosynthesis with 14002.

At the same time, we have determined the total concentratims of free

and bound amino acids, permitting us to calculate the specific

radioactivity of the free amd bourd pools of certain primary amino

acids, meparison of the specific activities of the

. pools with the rate of lﬂcalabeling of the carresponding pools of

bound amino aclds shows that there 1s a direct kinet;

free amino acid

ic pr’ecur.»oro-

px'oziucu relationship betwecn the actively tm:'nmg over pools of’ free

amino acids and the bound amino acids in the prouein. In the case of

certain amﬁ.no acids, notably g;lycﬁhe; the aétively turning over pool of.

free amino acid 18 very small, leuding to "eaturation® when the .

glycine is only 0.015 The total rate of labeling wit

average .speciric activity of the entire f{ree amino acid pool of

n 2 of the bound

amino acids in protein appears to account for only a fraction of the

tions are offered for the apparent dlscrepancy.

INTRODUCTION

o stcady state rate of labeling of the free amino acld pools. Explam- :

Much evidence has been presented to support the view that the

famation of reduced carbon compourds from carbon dioxide during

. ' : o
- photosynthesis 1s accamplished by a serles of dark reactions utilizing

reduced and chemically energetlc cofactars formed by lizht reactionsl=3, "
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"Tf:fﬁccording to this concept, pbotochcmically produced reducinb agents, such’* -

"‘7;‘-as reduced chloroplaat forredoxin and nicotinamide adenlne dinucleotide,
ii'and chemically energetic conpounds such as adenosine triphosphate, f‘ﬁyifi~ .

dlprovide the reducinm equivalents and chemical energy required to reduce '

S S

y carbon dioxide vla the basio carbon reduction ¢ycle to 3~phosphob1yceric
'f{ acid and various simple suuar phosphateo. oubeequent "secondary®

- reactlons utilize the same*or BMnilar photochenically produced cofactdrs

to accomplish further reduction ard tranzformation of internediate o
_-_ccmpounds frcm the cycle to various secondarj products of photo ynthesis.:f;:lw._
l"lAll such reactions which occur in the chloreplast arg utilize such ":;;gff:f’;claxf'
f'_photochemically produced OOfQCuGPS may properly be considered as - 'Q
:3lﬂiph0toeynthetic reactions2 3. Such substances as starch granules in the’ Af?;ilg(‘*‘“”
'J:f?:‘chloroplasts have 1onu been recobnized as prcducts of photoaynthesis.'%;;}.
T“}f“he recognition of other constituents of the chloropleots as poasible

“direct prcducts of photosyntheeis has recent1J emerged as a result

"~ of a more detailed umaretammg of the nature of the carbon reduc‘cion ;
| fj;{‘reactions. l A L

The 1ight-accclerated incorporation of 1&0 into amino acids”‘6

s f; and proteinQT Was obscrved during the earliest studies of photosyntheais :.ﬁlgﬁ_f-lh
'~‘;JgiVWith 1”C02. Similar observations have been reported from other . 2
:._.laboratoriess“ll iL"f‘ _ | 3
| dichiporovicns has presedted and reviewed evidence tnat the

S zsyntheeiu of; prOteins in. tne chlorODlasts of higher plants is |

Vnzd; greatly acceleratéd during photosynthesis. Moreover, he pointed out; hﬁe'cif”'%§7
- f::that the accelerated protein synthesis appears to utilize intermediatea -:?r -
- of photosynthecic carbon reduction einﬂe the proteins were laveled © ,"'.
 When 1“002 wags administered but not when [1”03 carbohydrates were {:{fqﬁy?ﬁﬁzh'djb

supplied. SisSalé.a.n:’“2 reported ‘chat pro»em can be synthesized :ln

. :;‘--
®
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" isolated chlaroplast fron non-protein nitrogen. Recently, Heberd3
reported that spinach ¢hloroplasts, 1solated following a period of
: photosynthesis with 14C0,, had incorporated carbon 14 into the
Soluble protein of these chloroplasts nore rap1d1y>than'1t was
-‘incorporated into the soluble cytoplasmic proteins '
| One t;pa of evidence for the photosynthesig of proteinu in |
| chIOPOplasts would be the demonstration of kinetic precursor-product
..relationships for a sequence of compounds bezinning with CCy and
' ending with pr'otein. At the same time, all pools of interacdiate
ccnpounds should be ghnwn to exist and to be formed In the chloroplast:
‘.:during photosynthesis in vivo. Such a demenstration became exnerimentally
conceivable with the developrent of methods for studying quantitatively '
v; pool sizes and rates of turnover of intermediate compounds during
steady~state pho“osynthesislu 15,
| . By means of these methods, it has already heen poss 1ble to show o

that in Chlorella pyrencidosa there are at least two pools of amino

- aclds, one of which 1o rapidly labeled with 14C during photosynthesis
with 14002. it ﬁas shown that thé raximm rate of labeling of certaih
anine acids vuchnas alanine was achieved as scon (five minutes) as
the pﬁe swoed precursors (in this case the 1nternadiates of the carbon
reduction cycle) were saturated with 14002. No other labelei com ipourds
,; in the cell ezcept the internediatus of the carbon reductinn eycle
."ana phospboenolpyruvic acid, were saturated with 1“002 by this time,
8o the required pracursor—prcduct relationship Was 1ndicated.
| Althsugh pyruvic acid, the preuumed intermediate compound between
‘ 'phosphoenolpyruvic-aqid and the carbon skeleton of alanine was not
| isolated, the rapid lébeling‘of alanine shows that the pool size of
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pyruvic acid must have been very small and that p.ymvic acid was -
:conacquently quicily saturated with lL‘C.. A sﬂ.nila.r relation was .’
“shovin for aspartic acid, the procursors of which maJ be preouned to : - b :
N"-be phosphoemlpyruvic acid and CO2. The situation with glutamic a.cid o
. and glu’camine was more complex due to the ﬂ.c'c that scme labelinb of o

‘glutamic acid in the leos active p‘001 assuned to b° outside the s P
chlo*'cplast occurs probably &o the result of sone "leakage" of | _
| small labeled conpwmis such as acetate f.‘rom the chloroclast to the
“ ‘cytoplam. I\ever'theless, the dc.ta publishﬁd mggest that the primry
. chloroplastic pool oi‘ glutamic acid is rapidly labcled and eventually
- becomes saturated with carbon 14, o L |
| Given the ;daconstmtion of photoéynthe‘cicalgmi fome& pools. of-vv R .
‘aiatno acids in the chloroplas’c , the next step in the study of S
protein photosynthesis is to relate the labeling, of protei.n with 1140 . |
R durirg photosyntbes;s in the presence of MCO?_ to tha.t of the labeled'.-‘ a
) 'amino acids :'m the active pOOlb. ' S '
At the same time, e have tried to obtain {nformation uhich might '
help to resolve the question of' the origin of the carbon 14 skele‘cons _ "*.“' N
of protein-bound amlno acids. Bidwell compared the products of ‘

‘ 1“002 phouosynthesis in several alga including Chlorel]a. pj,r.r'enoidosal6

: ' The spec.:.f'ic radioactivities of the bo..md amino acids were found to be |
-~ closely similar to one another w‘xercas the specif‘ic radioactivities of . o
- the free amino acids and carbo‘wdra’ces varied greatly amono the orggsnisms. . 7\
Bidvell postulated that protein synthesls might take place 1n these -
. organicrrm dlrectly from irmediately azssimilated carbon ataans and. not
- 'E‘:".f‘rcm aoluble amino acids, in the same manner as has been postulatod for
hibner pla-at ticsues]-? 1? The existence of mare 'chan one pool of :
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 the b.am cmpo:.md could &ls0 explain ﬁivcx'epanciaa batween labelinz\, of
_ tot;al pools of free caayoundn and pools of bound andno acids.

BE PMUTE‘%

¥ e ex;mrimem;al methc&? ml&tin@ to :m.x.nte'mme of the algaa (Chmrex_m
‘ 'wrenmdma umer.;taad,,r-s tate ph etownt‘xeaih and the analysis of the

: lubelizx, of oof:.pourﬁs wim 1“(1 h_m been deacribad in thia Jourm.ll)‘ 15
'Trxo 30 same mbhoda ‘-w.ve beem uzed in these studiea gRCept azz noted. -

i i:e»ad \f*at:it@‘ apgﬂzra‘“m

fne ap;xmm» .LOI' mszimamm_g the algae wxder conditiorm of

,f,s'cewy-amte photosvntheais with 1:»02 has been nodifisd from that

described previwslyl“alb The new apparatus has been modified ’w

- include autm:xt:.c and Independent pil dontrol, denmty control, and

volume conwol, 58 described elsehere in this. Jourralld, Control of
pi i3 achieved by autana‘cic addition of 8.1 H R0, when the P of the

algae suspenision tends to drop below the control value of 6 due to
excmm;e of nydrobcn fons for Nilz ions.  The medium used m t!ﬁs'expewi- . o
" ment vas medified from that describad elam’h@mm by mhatiwtmg

2,0 K, POy for' 1.0 wM mzm pluza 1.0 m¢ z(p‘ilf‘Oq. :
' ’I’zm alyas were ;)laceﬂ in the steady-state apparatus In a 23 to

| 2. 5% s’uapension '(wet paékéd vohme‘s/susnemslan volume) 24 hrs prior to
l the exwz* ment e ’mey wers allowad %o photosynthesize and gow tmdm* )

| steady-state rates ;or this 213 he per*icxi with the exceptim of an

8 hr period of darkness Wzich endad 7 J$rects pr'ior ta U’iu thro@uction '
of 1‘3(:03. At the start.of the ex;m*imn‘a, the ¢as ’circulatmg system

- was closed and a stopcock opencd comneeting the system with a'5 liter

 flask wileh conmim:i 2% €0, in alr labeled with ¢ to & speoitic

dioactivity of *mout 7 or 7.:>,ueur5.¢s pﬂr mole. *"m nixing of *xis



14 €O, and l200« wit;h the 25 2 ~eC0y already in the small system
{effective VOl.me 435 cc) Pcsulted in a fina.l ...pecific radioactivity of ‘
6 to 7 ucwries psr wnole, The 80 ml of 27 0% algae suspen.oion conta'ined
the equivalent of l 6. cm3 oi‘ w:et: packed alg;ae. The rates of 02 and -

’. of C02 uotake were approxirately 12 u'nole.» per cm3 of alr_r,ae per "xin ;’

' * ST f"he ')eroentawe 002 in the system ‘declined

frem 2.% to C.32% during the ﬁrst 5 hr“ duration of the °xperiment.

A,)proxima’cely 2 ml samlcs oi‘ the algaa sugpension were taken into

weibhed test tuoes containing 8 ml .of nethanol by means of the 5olenoia,. PR

-Operat,ed, sampling va}.ve. ’Ine rﬁsult;lno 80 meths.nolic miytare ha.a been

fournd to stop the reac tiorxs of nhotosyntnesma wit‘uin 8 ‘second - at roam

temperaturel.’ ., _ o _' S Sy

)

'”‘he’ f)ro:edur'es for the analysis of solubleébmpauxis‘ by chromato~

grapby and’ radioam.og;rapby are ag previcm.,ly repornail’z 15 except where
r**cently modifled” - A ' ) i J’_.

" protein extraction

_ | The procedure for' protein Aextl':'a'ction fram-Chlorella p,}i'enoidosa was

" as follows: ""he kllled alg,ae suspemion, af er standing for 20 min
WAS centrit‘uuc\.‘ &t 2000 g for 20 min at 5°C. The supernatant solution
wa.: .:e‘c aside’ for deteminatioa of protein by use of the mlcro-tamxic

- mci,bcd'm « Since only 2 to 4% as much protein was fcun.i in this supernatant

solution as in the a]kaline extract (see below) no mrthar study vias

made of thiz small e.mount of prouein. The schnent Was wachanically mi:keﬁ

for 15 'nin with 1400 ul oi‘ 1.0 N i‘IaOti in a tube which Was *hen put into

liquid vmzroben until the nirtura was frozen. The moznn m‘terial was

| lephilized in a dessicator over ngOL; ovemigbt. ‘uauer (2 ml) was added

<

T



T

: tc; the drieu sample, givinv & solution which waé 0.2 N in NaCH.

M‘ter ‘30 min at roon tem;:era‘cure with ocuasional mechanical abitatio'x, |
i '4_'che protein was extra.cted. ‘Ihe sample wasg uhen centrifuged at 2000 g
| for 20 min at 15°C. The sediment was waohed Nith 1 "11 of 0.2 § ‘ \ ‘
I ‘, IaaO:i solution and centrifuged. amin at 2000 for 20 min. _ | 4 -
' : The supernatant solutions ﬁ*om the last two centrif\zga’cion.; were S
e '_-»"“_;combined ard the total volume of 3 ml was made 0.5 ’\I in perchlorie

' :'acid. After staniing f‘or 30 min at 0 to 2°C th~ prot:ein wa.: centri- o

fuged at 2000 g f‘or 20 mi_n at 0 to 2°C. The precipitate was waahed once
with oold 0.5 N perchloric acid and centrifuaged ag;ain.‘ The washed - Lo
_' ;:_precipitate of protein, desi.(;nated pro’cein A, Wwas. dissolved in 3 ml of O
s 'o 2 N NaGH and the 'cot;al mdioactivity was de’cemined The orotetn " !t -

o contcnt of an aliquot pccr"cion of this solution vas detemined by
: 'tne micro—tarmic methoa?®
| Tnc protein vas agﬁin precipita‘ced with perchloric a.cid in the |
'.‘:_'S‘ame manner as a.bove. The washed precipitate was placed with 6N - ,'
P . HC1 in an ampule which was coole.d, without f‘reezin,ir the contents. T
g ’ Vacuum was applicd to thc. amule to remova disuolved ‘FASes ana

R ,the cmpule was sealed a.rxd heated at 110°C for 22 hr to nydrolyze the

protein. After the ampule was Opened, the HCl was removed by twice -

; "'adding water and distilling in vacium in a dessica.uor over- P205
ey and KOH, ’ '

After nearly complete remval of the ’-ICl R the hydrolyzed

o 'protein A was taken up in’ 0 S ml of H20 ‘and the solution was paosed

| £ "-.‘throu\s,h an ion’ exchanoe column (ccz‘cion exchanue re.ain, oy for'm)
: ‘SubSequently the colum was ‘elutéed with 1 ml of 4 N-MH,OH ard the

o éluaté from the colmri was evapo’réted in la dessicator over HyS0y -
o }j'-:;-ovemig;ht. The dried residue was dissolved in 60 or 80 ul of watef. .

L '.i*.‘An aliquot sariple was diluted and’ m _1’40 ‘wtal ra.dioactivity s’

vor
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T ehiramatography <0 The paper was develoged in the long direction with

s _”aet'emﬁned.

| was placed on !fmtﬂan no. 1 or no. 2 f.LlLar pc.per, previously - ’ o »

. mshed wit:h 0 5% oxalic aoid soluti m,for two dimensional pdper

Another aliquot sample (20 or 40 ul) of the !wdrolJ ed protein

- "serni-mtemh"‘; for 26 to 28 hrs, arg in n-butanol proplonic acidiwater L

Protein B was precipitated by tannic acmp‘ using 10 mg tannic asid

: vper mg of protei*a. The pz’ecipitate wa.a wcl‘;hﬂd twice with water and

- ninhydrin SOlution ani meusaring the extin\.tion as: aescribcd else.»:here C

was accompllshed by radioauto'urapm with single emilsion X-ray f1mlh,
were collected mv the detemmacion of their pr'oteim (pr‘otein B)..

,ﬂ_"nyarolyzea in the same mamner as the protetn A f‘raction. The -

o hydrolysa e was chrcmatogmoﬁed as deacmbed above. _

EE j'itbn paper chronatomns after detemina.tion of their lllC content.

i 'I’he amounts of amino acids were deteminea by oevelopme, ‘A color wi‘ch '

- :irx this journal”

‘in the second direction for 22-24 hrs. Lccation of radioactive compounds - i

The supg,mtant solutims from the gerchlorate precipitations

”‘m. mdioaatograph of 1“C~1abt.lcd amino acida obtained by

"hydrolJ sis of protein A is shc«m m Flg. 1 ’mse radioactive areas of
the paper chmmtoy;*ams corr'espomin) t;o the darkened a.reas af tbe

' -film were cut out and their 1“0 content was -deternined by meam of a2

send-automatic double G\‘i mbe-scaler-printout deviceoa

Amino acia estimtlon

The amino acids ﬁ'om the pz'o'ccin hydrolJ..ate were eluted from '

‘!

RESULTS . -

e amounts’ of protein rtec'dver_ed from Chlc{rellé pyrenoidosa.
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PHENYLALANINE
LEUCINE

Wi i

VALINE

TYROSINE
METHIONINE ?

PROLINE ALANINE

THREONINE
’* GLUTAMIC ACID
CITRULLINE

GLYCINE

HISTIDINE ASPARTIC ACID

SERINE

BUTANOL-PROPIONIC ACID -WATER —»

: ORIGIN =,
A «—— SEMI-STENCH

ZN-3901

Fig. 1. Radioautograph of 14C-labeled amino acids obtained by
hydrolysis of protein A.



S . apparent. rate of uptake of ammonium ion during a 5 hr photo.aynthesis

=10=

during a two hour steady state exoeriment are shown 1n Table I. A

: cm3 of ‘wet packed algae cantrif.‘uved according to our technqiues has a - .},_
dry weight of a.bout 160 mg, Therefcre, the mean Value of' 145 6 mg .

extracted protein represented about 27% of the dry woicfht. Direct

: estimation of the i‘r&etion B protein crave a mean value of about ll mg

g%

compared to the 14 mg obtainex'l by diffcreme.

The rates of uptalce ef 002 and evolution of oxygen and the

experiment (noo 53) is smm in ‘i‘able II. The "Nhu uptake is based

upon the rate or add.Ltion of L15yif required to maintain the pu st ol |
the o
6 durint;, the course of / experiment. The asswnption that this represents :
T

i\
1,
4

NH,_‘ uptaxe rate only could be 1n error ix‘ the alg,ae secre‘ce acid into’

i:h‘m medium by proceasés unrelated to anmmimn ion upta}ceo (An untake of
mmoniwa ion equal 'co about 2 moles/min-an algae would be equivalent
“to 6 or T ymoles of coz/min«:m e.lgae, or approximtely 50% of the A

v""'total photosynthe‘cic 002 uptake-) L v , e .

Aftcr 3 hr.. the rate of a.rmoniun ion uptalre app@am t° have

dropprad considarably and the metabolism of. the alg;ae may have, shifted
o {uomew‘)a t toward fa‘c synthesis Such a shift during; the course of‘ the . .
-_\::e}'periment is also imicated by the chanoing ratio of 02/ COae Thus * Lo
St appears that e may not have achieved pers 90’538 Steady"smte °°nditi°”8‘
:-. K ‘over the ent.ire co.mse of‘ the experiment, but for ‘the first 3 hrs B

"conditions appear to havo been reasonably close to steady—state. ’I‘his 5

Toeo oLt - D ) - - ;- . R
‘ Y . S et . RN ,?’~~ O R B R R A
R A et C . . . - ‘ . : o o P . . o .
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" TABLE II

. PHOTOSYNTHESIS RATES °

7 . ﬂ ) . . -
fi‘ime ) AR o urr:oles/;nin/cm3algae
0, Coy  Ouc0y ~ mav
24 min 13,090 12,63 '~ 104
130-100 min , 219
2r, 15min 1455 13,78 1,06 .
100-185 '2.10
3 Ir, 45 min 13.35 12,04 1.10
3 -5 he 121
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T vv | I‘rcm the continuoua cu.l ture appsratus arf‘ its res que'lsion ina dﬁ‘f‘c&rent
rutrient in the steady-state a;ap;azjatus. in any evzznt, the data bearing on
the question of 'relatiZm between iro:-, a‘mino acid po‘ols and bou*d a.mino
acid pools was mostly obt;ained"d@imr the ;irs‘c 3 hrs und& steady-—ata‘ce
. ¢ orEditions, _ B |

The diatribution of ll'C amom" the seveml bmnd amino aﬂid° fo.h.owi%
'dif'mrent times of pnotosynthc”ib with 11’002‘ and the total amounts of the
bound anino acid n ‘ooth pro’cein A ard 8 are showa in Teble IIX, The
z-icid riydrolysis method used' results. in the cbm‘erf‘ibn of asparagine
to aspartic acid ard of glutmﬁ.ne to arlt.ta'nic acid a9 well as loss .

of certain anino aclds, perticularly ﬁr‘yptophaneg-cysteine, cy stine and

Carglnine, T - - . . T ‘ o

The Bum oi‘ mdi@caraon fomﬁ in all noam amine acios from

i Teble IIT is compared in Plg. 2 with tre mtm radiocarbon foum in the

e . protein A and protein I fracticns before nydrolysiz, Some loss of radio-

o ‘aativity no_doub‘c results fmn the deconposition of unstable compounds

“ during hydrolysis, and other losses are usually encountered during

C .'chmﬂaatog;rap‘w. Probably thefe are some non-protein compeunds which

£0llow the ;Jrotem Surdng ch@ ibomtion procodam ; though the relatively
s,mll amounts of‘ car'bon 18 1in unkmv.m apote on the two-dimns*onal chmma—-\
tomrxs of .the h,ydroi%ed ;}rotnm au%eot... tuﬁt thia 18 2 sainor contributiom o

In aﬂy evwm, the maxizmm slope of the total bound ammo acid lisf"—lemeel.‘{m;

e ©eurve is only a 1ittle wore than 1 mwole/cm3albae/”xin. The s:eci e radio~

L actiﬂties of the pools of f’rm aming zeids and of bourd amino acids are

s‘xown for g .ycine, a}.anine, tln*eomne » oﬁI.LT.\G’, as p.mtic am.d amd glutamic

" acid in Figs. 3 through 8, maoectivﬂy‘ T 11“4.:"@ for bound aspartic acid

Ancludes both bound aspartic acid and bound asgxar&a;ine while that for bound

gintaric acid ircludes both bourd gluta adc acid ard boun:l glutamine. mis

15 a consequence of the fact that the 8ci4 hydrolysis of the protein hydrolyzes
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U5, 113.2 1784 212.9 241.5 275.5 WO 319.5

A _ | TBLE IIT ) A
- aront oF MC AN TOTAL C TN HOWND AMINO ACIDS PER G ALGAE e
ifn;oleS' li‘c'in bound amino _a_.‘c:i’ds/-cm:i algae | . "ng»e&g?g?azcm u::igspgccfs :@
. o ’I‘ime:- 10 znln 30 min lm'nr 5 hr 3 hr 0 hr . .5 nr A.'H "B A »+'B N . -
Amlno Acid . '.—"."Ji.: . | v - ‘ ] . | Sl
E Glycine e l | a2 2,6f;,1&.g. 70 9. 9.5 34 L8 33.2 ) _'ua_l%éﬁgu'
Serine a1 76 LT R 63 8.5 9.9 1T L8 a5 s
Alanine . B a5 W8 11.3 7.1 223 2.4 50.9 6.9 - A7.8 w3
Threonine .05 90 2.5 6.3 9ié 151 16.5-13.1 2.8 15.9 .41‘63.6
Asparazine <+‘Aspért—ic‘_ ....38' 2.1 | ll;'l - .9.7‘ 1502 ‘20:.14 .23.3. 38.0 5.4 434 173.6
Clutamine + Glutamic ‘-. 09 1.3 . 3.6 10.5 159 2.6 29.8 3.2 8.0 432 élé;b
Tyrosine B0 1.3 20 64 9.2 128 155 7.2 L5 8.7 783
Proline — 26 L1 .03 B 127 16.0 11.8 7.2 19.0 5.0
Valine + Hethionine 36 3.0 8O L1370 18.0 22,9 25.2 234 2.6 26.0° 130.0
‘Phenylalanine + Leveine 477 6.0 1L8 235 36.8 245 ';9.1_.33.& 2.6 36.0 2688.0
Cystine, Arginine + Histidine 221 RS 9.5 157 2.0 25 7.7 LT RN R W 'R
" Lysine - S 29 L7 - 3.6 8;6~‘ 1.0 17.0 205 8. 1.7 10.4 | 62,4
ol .03 05 a2 33 .33 .87 .13 6.1 — 6.7 21,0
X, A4.01 06 .13 .20 W3 .57 .85 .51 — .51 (40).
Xy —— — 20 .26 .6 b 72 LB — 1.8 o
2.9 2.3 O 1,486.6
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Fig. 2. Labeling of protein during photosynthesis in Chlorella
pyrenoidosa. Closed circles represent the sum of protein
fraction A and protein faction B. Open circles represent
sum of all radioactivity found in amino acids on two-
dimensional paper chromatogram after hydrolysis of
fraction A and fraction B.
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SPECIFIC RADIOACTIVITY

© .MU-31987

Fig. 3. Specific radioactivity of the free pool of alanine and of
alanine obtained by hydrolysis of protein fractions A and
B. Closed circles represent free amino acid, and open "
circles represent amino acids from hydrolyzed protein,
Specific radioactivity is here defined as the umoles of 14c
divided by the total pmoles of carbon found in the amino
acids. :
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Fig. 4. Specific radioactivity of the free pool of glutamic acid
and of glutamic acid obtained by hydrolysis of protein
fractions A and B. Closed circles represent free amino
acid, and open circles represent amino acids from hydrolyzed
protein.
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. Fig. 5. Specific radioactivity of the free pool of aspartic acid

and of aspartic acid obtained by hydrolysis of protein
fractions A and B. Closed circles represent free amino
acid, and open circles represent arnino acids from
hydrolyzed protein. ' :
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Fig. 6. Specific radioactivity of the free pool of threonine and
of threonine obtained by hydrolysis of protein fractions
+ A and B. Closed circles represent free amino acid, and
open circles représent amino acids from hydrolyzed
protein.
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Fig. 7. Specific radioactivity of the free pool of serine and
' of serine obtained by hydrolysis of protein fractions A
and B. Closed circles represent free amino acid, .and

opeén circles represent amino acids from hydrolyzed
protein. '
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Fig. 8. Specific radioactivity of the free pool of glycine
and of glycine obtained by hydrolysis of protein
fractions A and B. Closed circles represent free
amino acid, and open circles represent amino acids
from hydrolyzed protein.



* the amide groups. .

. .015. 'I‘nia is another tmy of sayim, tha’c ‘the activelJ turnirx, over
.'pool of glycine, presumd to be in the chlo*'Oplast, 1s extrernely ma.ll.

»fomtim of bom glycine moieties of protein f’rom a n0n~am1no e.cid

' bound glycine can all arise from the small and actively tuming over

e

DISCUSSION

. “" .

’. '-In the cur'veu for f‘ree amino acids vie see the previously deacribedz
'sat\mation of acuively turning over pools of "rimary® amino acids'; ) R
ﬁe@rated from other mactive pools of the same amino aclds. These' -
- pools wh:nch we believe to be photosynthetically fomed and 1ocated T |
4n the cnloroplast, typically constitute uo-so of the total amino acld "'-"

pools and therefora “saturate“ at a level which gives an average Spaciﬁc radio—-

activity of 0,2=0. 5. However, we See that in the case of serine .’m

. thls exnerimen‘c aa‘turation occurmd at about 0 1 spec;{_fic Padioactivigy - L

" for the entire pool of serine whilé for g,lycine bhis “gaturation® occurf"j L

at a specific radioactivi’cy for the 'cotg.l gzlycine pool of only abcm‘c.

Tnis result explalm wl'u we were lcd to ou@o‘cst thca possibihty ot‘ tm.

| -preﬂursorz. However, from the preue';t datag it can be seenfthat the proteij;_ B

~ pool of glycine, indeed, for’ all of the bownd and I'ree amino acids .
.- for which labeli% rateo have been ccmparea, the naxizmmx rate of hbeling
| :_: . of the bound amino acid is achieved only by the Cime the actively turnin@ '

over pool oi‘ the fr'ee amino acid is b&tl«ﬂ"&t@d with 1“0. hfe regard this

aa conclu.)ive evmence for the conver.,ion of amino acid of the . _ :
o actively turning over f“ree pools to &he bou.nd amino acids of the pI'Oteins f\ o

i .‘during,- photésynthesis,

This com.lusion appears to be in agz*eement w:i.th the results of

e studies repomed by Hellebust and Biauen” who found that protein—-boumi
- Berine amd olyoine were derived z‘con photoaynthate“ by a route bypassmg

o~ Lo - . .
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‘the bulk of so}.uble pools of thesa amino acids in wheat leaves. As

o we have shown hex‘e, the pools of these amino aclds at the photosynthetic

',"v.sm‘e can be very small compared wi‘ch the total soluble pool, a poosibility | o
"‘recog;nized by xlellebust ard Bidwell. vihat is pemans surprising is that |
3 'results fron two Buch different gho\,osyn’chetic organim should exhibit
such similiarity in r*egard to activelj-turrxirg; over pool sizes of
- specific amino acicis. . '_ ' : d o
It is somewhat dis‘curbing; that the total rate of labelinu of bound S
. amino acids isolated fro*x ths- protein 13 never mare than about 1.2 |
ymoles of li*C/minfcm3 algae, if we rvemeuber that the s,fnthe.ais of free
, ) amino d.CidS from 1“002 may be as high 48 3. b~6 pmoles/min/cn algae?' A
rumber of factors may cmbine to cause this apparent uiscrepamy. Pirst
“che recovery of protein carmot be complete though probably the sum of ‘
- 'fra,ction A anci fraction pro»ein accom‘cs for some 60-803 of‘ the total R

protein which we might eatimate to b:.- some 40% of t‘xe dry weight, or 64 mg. o

‘ Moat of the free amino acids f‘or which we have not drawn curves appear to

k ';satumte with 1"‘() more slowly tlmn the pr...mary" amino aclds as a

' "ccnsequence of" tneir bem, for"ned from the privary amino acids. Thus

! the carbon 14 must find it.; ay through a number of mare slowly saturc.ting E |
‘v"':pools before it can-be knorporatpd into the protein. We have from time
"to time seen irdication of the fomation of labeled pep’cides uring

h photosynthedi and these may fnot be precipitated by the treatment wed

. 1n the isolation of protein oince the pool sizes oi‘ thes»e nep'tides ey

_be sub.atantial tn«=~ flow oi’.‘ 1“ C through the peptide pools may delay its antry - :

A

'iinto the protein. Finally, we. may expect that the synthesis of other none
protein conpaunds .mcludino' the nucle.m acids will eccount f’or a aubstantial

o partion of the labeled a:rd.no acid utiliza.tion.
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Hevertheless, the rate of flow of 140 into free amino acids 1s so
much more.'than we have found the rate into ﬁroﬁ;ein to be in this study
that we must consid‘er’ the ;ﬁbésiﬁllity of "the free amino ac.ids"belng uéed
in part for the synthesis of non-nitroggeaoug ccm')ounds. . |

At the oame time, synthesis of protein from non-photowjnthetically

for*no& amino wids as founa by riallebust and Bildwell, would utilize
the nitroben relaasea by the incorporation of photosynthetical]y i‘cmed
amino aci.as into non-nitrop enous cmpcunds. :

Further mvestiga‘cim of the quantiuative a.:pecta of these pathways -

- and of the peptide pool siZes will oe required to cbtain a more com plete ‘

picture of the relat* on of .free. an.ino acid poal labeling and  bound amino
actd pool labeling
' Acmome‘*m@

‘Ihe work described in this paper was .aponsored/by i;ne Uv.S. Atomic Energy

COIImioSionc
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
~mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in.this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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