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PRCTE!N PHCYroSYt::THESIS 

J .A. Bassham. Bronislawa Morawlecka arrl r-iartha Kirk . 
. and Denartment ·or Chemistry 

lawrence Radiation Ls.boratory,}Jniversity of California, Berkeley• Calif. (U.S.A.). 

SUJ'1~'JARY 

lunetic studies have _been performed on the appe~ance of l4c in 
' , 

free amino acid poola ani in ~he amino acid moieties of protein in 

ChlorGlla pi£~noiq~sa dur~~ steady-state photosynthesis with l4co2• 

At the sa."lle tirne, we have determined the total conaentt""aticns of free. 

an.1 bourld am1no acids, pormittin,.1 ua t.o calculate the specific 

radioactivity of the free and bound pools of.certain prL~ amino 

acids. Comparison of the specific activities of the free a;nino acid 

· pools with the rate 01:, l4c-labellng of the correspc)nding pools of 

bound amino acids showa that . there is a d~"'(')Ct kinetic pre.'Cursor

product relationship between the actively turning· over pools of free 

amino acids an:i the bound amino acids 1n the protein. In the case of 

certain ar,rl.no acids, notably t;,lyctne, the o.ctively turning over pool of 

free amino acid is very s:rall, leading to n~aturation" When the 

averag;e specific activity or the e.t1.tii.-e i'ree amino acid pool of 

glycine lo only 0 • .015. The total rate of labeling with 14c of the bound 

a."nino acids in protein appears to accoWlt for· only a traction of the 

· steady state rate of l.a.belir~ of -che free aminO acid pools. Explana

tions are offered r~ the apparent d13crer~ncy. 

INTRODUCTION 

Huch evidence has been presented to support the view that the 

form..t:.~.tion of reduced carbon compounds from carbon dioxide during 
... 

photosynthesis is accanpl1shed by a.series of dark reactions utilizing , 

reduced and chenrl£ally ~1erget1c cofact~s formed by light reactionsl-3. · 

,. 
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·. ·Accordiri to this concept~ photochemically produced reducing agents·. such.: ·: .. ;· · .. · 
'· :' ,'. :, . . ~. ; •" 

• ; ~ : 1 

as reduced chloroplast ferredoxin azv..l nicotinamide adenine dinucleotide, · · ·. ·:····"···:<'". · 
' ~ . . . . . . ' . 

, ~ -~ ... ,• :.. ' . . . 
·. . . . ~ ·:. ~·. .• . . :- ·, .. and chemically energetic compoun1s such as adenos1nej;r1phoaphate 11 ,· . ' . ·- ·: ~ ,~ :· ... : ... .. . . ' ···'·. 

. . '' :· .. ·~ _::_ .' .. -

provide the reducing: equivalents :and. chemical enetogy required 'to reduce -~ .• ,, .. : .... •.' 

carbon dio~e 'Via: the basic carbon ·reduction cyale to 3~phosphoglyceric · 

acid and var1ou~ ·simple suga; phosphates. Subsequent "secondary~ 
• , I , • ' ", 

. · .. 
. . I .. 

reactions utilize the same·~ similar photoche1lically prcrluced cofactors .::· _: 
c,, ' ' .·• 

to acccmpliah . further ·reduction am transfornatiori. of ·intermediate: . · 
" 

''(• ·," ,. 

'. '. '· '· 
. . . . . 

. ·~; ..... 
~). 

',·1 .• ,_ •· •• .. . · . 
. · .. : 

- canpounda. fran the cycle. -to various se<?ondary products of photosynthesis<·.· 
. .. ; '/ '.' ' 

All such reacti~ns which occur in the chlorcp~ast and ut1llze. such · 

phOtochEmically produced cofactor's may properly b~· considered as:--- .:·· · · , .'·. · .. · ... _ . · · · · .. '_ 
{•~.. <. •' .•' ' I .• 

' ; ; prJOtosynth~tio reaetions2 ~ 3. ~Ch substances as starch gr-anules .in the'· . H· .< -~:· . -.. -: . 
'·. - . -~·' ·; .. " . .. . ·.. . . . :: .. :·;<·:··.· :-">_>·:. -

. · · _ chloroplasts have long been recognized as products of photosynthesis. ·., ., .·· · .. ·.·> .. ··. 
' . . ' • . . . . . .. ~ • <.. ·. d... . ' 

. ·.··· .. 'The· recoJ;l'lition of oth~·constituents of the chloroplasts .as possible. : .. : ~ ·',-- ·. ·, · .. ·. 
. • I • ~ ' f ' • ' ' ' ', ' • ' '• ' ' ' •. ' ,; • : ' ' ' • ·:' • 

.· . ' direct pro:iucts 'or photosynthesis has recently emerged as a result ., .. ·-. 
' ' . .· . . . . . . . . . . ~ 

· ::, . · of a more detalled umerstB.m:tng or the nature of the carbon redUction 
. · ... ·. :t . . '·... .· . ... ' ~ '• 

-:; . :reactions. i 
~ ..... ..... ·'· .· 

.. ·.··-_:·_>· ·.. The l1ght-ac~el~ted 1nc~~ation of l4c into amino acids~~6 · , ·.: ;·:~· ': '·' ·. :r .. 

; .... _·. ~ am p~te1ns7 was ·ob~erv~ dur~ _the eari1e~t stud~es. o{ph~tos~nthesi.s <· ;•: ':\'r, ·e 

··-
) ~. 

· With l~co~~ ~iml~ observations OO:ve .been reported from. othe~ ' . · .. :(J· -~· · ·. 
laborator1es8.:.11. · · i • ' · . .• . _ _._ .·· .- · · · .· . · • · :: >' . 

Nichl.poro.dch8 has pr~·se~t€d arrl reviewed evidence that .. ~~- . · >. ·.: .-:. ;: ':<·· .. ··~: ·_' 
. ; ··.- ', . .. . . 

- ·.· : :. _ synthesis of:·, proteins in . the chloroplasts, of higher plant a is . . .._. .·._·,4. 
• • .. , '•?" 

. " . ·• ereatly accelerated during ph~tos~thesis. Moreover t .he pointed out ;'' .... ' ·. ·>.· 
' •' ,.. . . 

- · that the accelerat~ protein synthesis appears t~ utlli~e 1nte..YT.lediates -· ~ .: 

of Ph'?tosynthet~ carbon r~uctio~-· ~1nce the pro~~inS were labeled 

~hen lllco2 ~s a&ninister~ but-~~~ ~h~n [l4c] ~boby~ates ~1ere . -_·.: 
I ·: ; 1, • • ' 0 • , • , : \ I I 

supplied. Sfs'salaanl2. reported· tb.at protein can be synthes1~~ in. 
' ' 1 ... ; . 

r·· :. 

. '· ... 
' . :, . '• 

' .... 

:·. : .. 
' · .•.. -~-- •b. 

;' :: 

!" ~ • •. • •• 

• :· •• •• t 

.. · ... -~ . 

. •',• 
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isolated chloroplast fran non-protein nitrogen. Recently~ Heberl3 

reported that spinach ehloropla..'">ts, isolated folla.dng a period of 

photos;yntlwsis with l4co2• had incorporated carbon 14 into the 

soluble protein of these chloroplasts more rapidly than it was 

. incorporated into the soluble cytoplasmic proteins. 

One type of evidence for the photosynthesis of proteins in 
' ·' . 

chloroplasts trould be the demonstration of k1net1c precursor-p~uct 
" 

relationships_ for~ _sequence of c~ounds be1~.tnni.ng with co2 and 

end1n..~ with proteL"l •. At the. 5a~1le t1.11e, all pools of 1nte.r"r00diate 

canpounis should be .sho\'10 to exist and to be formed in the chloroplast · 

during photosynthesi3 !E, ~· Such a demonstration became experimentally 
'J .. 

conceivable. with the development of methods for studying quantitatively~ • 

· pool sizes and rates of turnover of intermediate compounds during 

steady-state pho.tosynthesisl4,15. .. 
Bymefll'l.S of these methoos, it has already been possible to show 

that 1n Chlorella pyrenoidosa there are at least two pools of ~nino 

acids, on~ of which is rapidly labeled with l4c during photosynthesis 

wlth 14co2• It was shown that the naximurn rate of labeling of aerta.1]l 

zmdno S.Cids ~Ch· as alanine was achieved as soon (five minutes) as 

the presumed precursors (in trJ.a case the intermediates of .the carbon 
. ' 

reduction cycle) lvere saturatei \ldth l4co2 ~ No other labele:i cornpour.ds 

in the cell except the 1ntermed.1ates of the carbon reduction cycle 

an::i phosphoenolpyruvic acid, t<~ere saturated idth 14co2 by this time) 

so the required precursor-prcrluct relationship was indicated. 

AlthOUBh pyruvic acid; the presumed intermediate canpound beti-v~en 

, PhosphoenolpyruVic acid and the carbon· skeleton of alanine w-as not · 
. ~ 

isolated; the rapid labeling' of alanine shoi:'IS 'that the pool size or . . . 



~ ....... ~· '" .. --- ... ,. ' - . - .... ~·~~-,.,.-..-. . . 
' ···- -~-·.--··~<.·,...··- · . ~l-... ____ ,__ ...... _,. __ .... --~----·~...,-._~ .... - -· --- .. ~-~·~-- ·---- ·-·. -----~- c- f.o-.·--·-·......._ __________ --·-..- -- ·--· 

.. . , . 

•'• I 

'.•. .. 

.. . . . • 1' . 

· · py.cuVic acid must have_· been very· small and that p;>tTu.v.ic acid was 

:consequently quickly saturated wit~ 14c. A si;rd~ ·;elation waa 
. ' 

. . 
· shOvm for .aspartic· acid~ the precursors of '1:'1h1ch ~Y be presumed to 

·be phosphoenolpyruvic acid ~. C02• Tbe situation With glutamic ~id 

: and· glutami."le was more complex due to. ·the fact tbat .sane label~ o.r .. 
I .',1 

. t- :. ... .- •: . 

~ . . . . . :. 
: ... .... 

.-. ;'.;.: ...... ,·_~·. 

' . 

. 'giutam1c acid. in the less-active pOOl~ assumeq to be 'outside the 
.r • •• 

r• "• j • . ,.-._ :· 
·.-.. -::.: ,·· .. ·.•· .. -

I' 'o •· 

.··• . . ' .. . . ' . ' r. .. ' .... 

chloroplast" occU:rs probably as the. result. or sane rrleakage". ·of . · .. '· 
' ~ ... . ..... ·. 

. ... . 
' ''v 

small· labeled co:n.p'oun1s such as acetate. from the chloroplast to the 
' ' ' .: I 

' . .. ; 

cytoplasm. Neve~heless; the data published suggest that the primary 

chloroplastic pool of glutamic acid is· rapidly labeled· an::l eventuaU.S: 
. . 

becomes saturated i'lith carbon 14. 

· Given the ·demonstration of photosynthetically formed pools of. 
' . . ' . 

· ainino acids in the chloroplast, , the ~ext step 1n the stUdy of 

_fprotein photosynth~si~ is··:to: re~te the labeling of protein with l4c. 

. ' . ' 
,. 

'' < .. 

.q 
\. 

.. 'I 

dur~14 .ph~to~ynthesis. 1n ~he prese~e· of 1~~02 ·~.that of the labeled·_. :. ·•· .· '. ·: .. 
•• ' • • • 1 • 

amino ·acids. in the active pools. 
· . .'.\':' . . . ' ' ' . ' . . . . ·: 

· ··At= too S?me time, ·\'le ·have tried· to obt~ information which might 

help to resolve the question of t~ origin of the Carbon 14 skeletons 
' ' . . .. ' 

of protem-bound amino acid a. BidNell ca:npared the Products of 

·,· 
. .' 

. .. ·-. .. 

14co2 photosynti1~sis .in sev~, aisa~ •.. including· .Chl~relL'i pyreno1dosa16 •· ...... . 

' ·· The specific radioactivities of the bound amino acids were found to be 
: .! ' . ' 

' 
' closely sirn:Uar to one another 1.1hereas · the specific· radioactivities of· · 

the free amino a:c1ds and carbohydrates· varied c;reatly among the or~sms. ·· 

Bidtiell postulated that. protein synthesis might tak~ place 1n these 

' or~sms ·directly '!'ran i.'mlediatel.y assimilated carb~n atans and: not 

.fran soluble amino acids, in the sa.11e .manner as has been postUlated for· 
. . . ' . . ~ 

higher plant t1ssuesl7:-l~. The existence of more' tha.ri one pool of ;:~· 

. '- ... 
'•' I 

,. ', ....... < : 
'' 
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the sa.rne CO'ii'~· could also explain d1s-crepanc1ce betwoon lc"ll'Jallnt) or 
' 

total pools of: tree· ccmpounda ~ pools or· boull.i arrU.no acids. 
. . 1 

' . 
r.:r.PERL~li!JITAL 

' 'nlU eXfJ(lriffien.tal 'metho:is reJ.at~ to tilrt.interJ.ltr~e Of the a!sa0 (Chlorell:l 

. j}yrt.:m,oid~su) .\J.ndor· ~t®acy~atat~ pk~oto-.::yntbes.ia and the analysia of tb& 

, lat;elli~1 Q!' oompourids with l4c l"..ru-5 beoo dcscri~od in this ·.Jourr.ul4.15. 

' Tnese smne methods nave beem used in these studiea axaopt as noted. 

StE~act;v..:,state. apparatu.s · 

. T.'1e aPparatus tor mililtain.ir~ tho al;gw under cond1t10!13 of . . . 

steady-atato photosynthesis with 11'co2 has ~oen rllOdif'ied from. tha.t 

described p;tW1ousJ.yl4.tl5. 'l11e. OOW S,pparatua ha~· b~en mod1!.:1ad to 

.include au~atic ·ant independcmt pH oontrol.t density control. and 

volume control, ns described elsar,thtW& 1n.th1s.jo..u-rall9. control of 
l' 

~H i:a achieved by autanatio addition or Ool ll. NH40d, tel»n tho pH or the 
• ; ,#1 

aJ.cae suspension ton1~ to drop below the cont~l value ot" 6 clue to 
. . 

'I 

exoh:atific of h,ydrogcn iona to:- wut ions. 1lll~ rm~l~um uaed. in this experi-

raent \liM !11<Xiif1ed from ~t deacritxd clso<~Jh~rq;l9 by ~bstitutine; 

2. 0 il11"~: ID12ro4 for l. ~ t1i"~I KH2FO ,,'plua 1. 0 m.~ KilPd4• 

· 'Dw algae Nere placed. 1n the steady-state apparatua in a 2.3 to 

2 o 5% susp-ension (~J;et J;aclr..ed volu.rn@/SI,lspenG1on volume) 2li hra pr1tW to' 

the exper,L;illnt. ."frtey we~ all01-100 to photomynthenim and ;g:ow \.trldm~. 

stet.\dy-state rates l"or thiu 2li h:. ... ~100 With the exoeptlon of an . ~ . . 

8 hr period ot~. dnrkne!m which end~ ·,7 lll"ll prior to the introduction 

or l4co2• 1\t tha start.of the.expe.r·1ownt, the gru; c1raul.at1ng system 

wa3 closad and a stopcock opr.u:ect connect~ tbQ. ay~tam with a· 5 lit!i~ 

· fl£:l.5k wh:ic~l ~ontained 2% co2 in air labeled \'§it.~) l~c to a spec11'1a 
. • ' . ' ~ . i 

c I 
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l~co2· and ~2C02 ~r.ith the 2% ~C~ already in thG small system 

(effective volume 435 cc) resulted. 1n a final siJecific radioactivity of 

6 to 1 pcuries per \IffiOle. Tne 80 m1 of 2. O% algae suspension contu~ed . . 

the equivalent of l.6.cm3 of.wet:·packed algae. The.rates.of' 02. and. 

of ~02 .up~e :\m~e .app~~~tel.Y l~ !J~les per 01~13 of algae p~ ndn~ , 
. · Th~ perCentage co2 in the ay~te11 ·declined 

. \' 

• • 

. . ' ... } . } I •. ' ~. •• •, 

r • • , t I . ~ 

frcrn 2.lfo to 0.32% during ·~he f~t 5 hrs duration of the experiment. 
:i ·,· 

• ' 'f, ' I 

Appr•ox1r~W.tely · 2 ml samples of the algae suspensio~ t-;ere taken into 
. ...... . . . ·_,: 

4 

·v1eighed test tubes cont~ 8 ml . of meth.mol: by means of the solenoid- • ·. 

::·: ·operated. sat1Ipll.ng valve. '.rhe resuit~ 8()% .metb.anoli~ mixture has been 

foUl'ld to stop the reactions of. 'photosynthesis \'lithiri a ·second ·at r6cm 

, • ~.. I .'' >''!, 

' . : ,. . . . 

temperaturel,. · ' •I 
'· ., . \ ~ ... 

·· ·. Tl.le· pro;edures far the analysis of' soluble:canpcunds. by chronat~ .. ;· · 
... . ;' . . . ' 

' '(,;raphy arid· r~d1~tuotl7'8:~hy ~~ as previo.1s~y reP?I"t~ 1> 2•1 5 except where · · :• 

recently mo:iified~q. . ... 

. ' 

The procedure .for. protein extraction from · Chlorella p_i-renoidosa was 
·I 

as f'ollel·is: The kllled algae suspeooion., after standing for 20 min, 

has ~entrirUged. at 2o'oo g. for. 20 inin ~t 5°C. The supernatant solution 

was set aside'for dete~nation of protein by use o~ the mic~tannic 

· · . methcd..lD. Since ~nly. 2 -~ 4%. as· much protein waa fourd. 1n this,· supernatant · 
'· 

solution as in the· ·alkaline extract ·(see belovl) no f'urther study l'ta.S . . 
made of this small .arnoUnt of protein. The sedimont was mechanically mixed 

for 15 min w1 th 400. ill of 1. 0 N NaOH 1n a tube ~1b.'tch wn.e then put into·· 

11qu1d nitrogen until the mixture i'Jas ·frozen. Thet frozen rre.terial. w-as 

.. 
-~ . 

~· 

... 

.. ,. 



.. 
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. : . :~ ... ~ : . . . . .. 

.' . 

·, . to. the dried sample, giving a solution Which \>las 0.2 N. in NaOH •. 
' . 

.. 
', . ~· ··: ·:. 

. ':.After. '30 min at roan temp:e'rature With occas~onal mechanical ag~tation, 

,the protein was extracted •. The sample \<;as then centrifuged at 2000 g 
. ... ·· .. 

. · ..... ··. · ·.· r~r .20 nct..n at .15°0., The sediment \1;as washed with 1 ml. of 0.2 N 
• • • j. • --.... 

NaOH sol':ltion am c.~ntrifuged aa-ain ·at 2000 g for 20 in:t~. 

The !:IUPerna.tant solut1¢.ns, from the ~~t, two centrifugations were 
' I' 

· :- canbined arid the total volume of 3 ml; was made 0.5 N in perchlcric 
. ~. . . . - . . . . .~ 

~ . . •• 1 • • • r 1 

acid. Aft'er sta.n::l.lng for 30 ridn at 0 to 2°C, th!r protein t~s. centri- · . . . . . : . .. 

... 
'' 

. ~ . -. 
' ' . ·, ., =1 

. ' 
. - . '· ~. . 

. , ~ . . . - ' 

0 'M ·. ,; . .. . ·,,; 
. . . . . \ ~ . :. 

,··_; :. :.~· .. ~ ... · .. · .. ·~ .. ~ .. _'·: .... 

· 
1 

· fuged at 2000 g for 20 min. at· 0 ·to .. 2°C·.· The precipitate. ~>tas washed once· .· . . . . . . 
•' ·.· 

:·' •. ' 

. . · 

. . ,. ' . 
: .· with oolci o. 5 :N 'perchloric. acid .am centrifuged again. 'I'he washed . · 

. . · . ; ·.· p~~ipi~~e :o~~prote1n •. des·i.:~t~ld. ~rotein ~' ~~. ~Uss~lved. in 3 mi of · ·. ·· 

':,'•:lt. 

.• _.,J, 

'.: ... · .. 
·•· .. . 

' ... 
' .. ·,i •. 

. . :~·· .. · : 0,2 .I'! NaOH ·and the to~ ~dioact1v1t-.·(was ·determined. The pr.c;>tein: .... . . . . 

.· .( 
. ._: ~ . .' ·-.~ ~ 

:' 

. content of an ~iquot' Portion .0~ t.his :solution \>taS determined by 
. ~ : . ... ........ 

..... the·. micr~~n."lic roe~~oo.J--q . · ... : , . ·. . . . 
. ' 

. ·i' 

' ,· 
Tne protein was a(gj.in precipitated with perchloric .. acid. in the 

:~·. : '. : ~ .. 
• 0 •• 

. j.; ;, 

., ' . 

' same ina.nner as above. The washed precipitate was plac·ed wi~h 6. ·!i ·: , .... · 
'"' ·.: ·~ 

. ':\ 
. •. '.·:.; 

' 
~ • • t ·• 

: .· · .. ·Vacuum· 11as applied to the ampule to remove dissolved gases and 
•:,'': 1: • ' • • . • • I • 

:.· ·.:· .. ; .: .. 'the a":lpule was sealed a.."'ld heated·'at ll0°C for 22 hr to' hydrolyze the . 
:\/:··. :·::/: . . ' . ' . . . . . . . . . . 

: protein. After the ampUle was. opened, the. HCl \'la3 removed by t\'lice 

'. 
; .. 
. ~. . .. ;.. 

•. . ; 
... · 

~ ·'.. . ' .. 
' . . . · ... :': . ~' .::. 

,· .. : 
... •·; .·· 

adding .Nater and distilling in vacuum 1ri a dessi~ator over ·P2o5 . ~. '. . . . ' 

' > 
'.·:· 

·.·.· and KOrt •. 
... ·:~,: . ; . . : . .: .. ' :· . ' .. · .·, . ' .. · :· .· .. {'· 

' ... ' 

.·>- .... :·.>: .·.· .. ·, .!~ . 

: ~.. : ·.: ' ·' . ~ . ·.~ter nea,rly ca:nplete· removal of the HCl, the hydrolyzect .. _ 
• ''.'~ • ,' • I ' . .. ; . ,' ~ . . . ~ ' . . . ' . 

·. ·. ·: ·. · .. · protein A was taken up in ··o.s ml of H20 and the solution was passed. · 
-~:~.:_:>>~.::.::·. ~. { : . . . . ' \ . . .,~ 

.:· ··: ~ ·. · throu,.$ ~ ion· exchange ~~lUmn (cation exchange resin, .h'+ form). 

" · : · ... Subsequently the colurnn was .·eluted With 1 ml of 4 !!_· NH40H. and the 
~ I • • 

eluate from the col~~ was evapoi~ted 1n.a dessicator over H2so4 · 
•• : .. < • " • , 

, .. · ' ,.· ,· ·, 

• ',, ' I ' • • : ., • 

· · .. > · . : · · overnight. The· dried ·residue was· dissolv~ in 60 or 80. ul. of \!later. 

;·:··. :. · .. · . ·.·An allqitot saniple \iaS dllut~ and .. ~t~ · ~·4c ~~ · .. radi~ti~ty'i\12.8 · .. · 
·~: : \ . ·.. ' : . .·.-·. 
··.·· ,, 

't .• 



I,;. 

-8-
·• . ~ . 
·.I . . ~ . 

·' · deterri'd.ncd. '·. 

i ~ Ar1other aliquot sainple (20 or 40 Ill) of the hydrolyzed prot~in . 

\'re.s placed on ~Jhatman no. 1 ~ no. 2 filter paper• previously 

. w,\shed \'lith. 0.5% oxalic aa1d solution,for two dimensional pa.per . . 

· ···· ... ·. ·cl.;ro.ato~I,l!1Y. 15 'Ihe -~er was .de~eloped in the lot13 direction: with 

: · ·· ~'.sehl'-stenc~njl far- 26 ~~ 2s hrs. and in n-bl:'tanol:propionic aoid:water 

·" 

_,., .. •, .. 

. in the secorxi direc.t1on for 22.;.24 hrs. Location of radioactive c~pounds . ~· ·,.:·;: .. 
···· .. -

~ . ; . ' . . .· 
~ acocxnpli~hed b~· ;adioau~~Pb; with sirigle ·anulsi~n X-ray, filml4 •. 

. . :·. - .:· ~:··,::· ..... ·::.· .·. :f f 

Tha supernatant solutions from the perchlorate precipitations 
. ' 

· · .·).:.>·were ~ollectcd far the detern".ina.tion 0f tl~1r prot~ins (protein B)~. _·-: :. > :'·.; . . .·. . . ' . ' . ' . ' . .J-l-- . . . 
. ·: · · · · ... Protein B t-tas precipitated by tannic ·acid .. using 10 rr.,.z tannic aoid 

.... ' 
: . . : 

.· per mg of protein. The p~oipitate was ·wcl.sh* twice with water and · 

.. )"J.Y~lyzoo in the same mxnoor as the pr~~ein A fraction. :The . 

. hydrolysate \\'S.S ohro'.atograph~ as: described above •. ... 
'- .The radloautograph of· 14c-labalecl amino acids ~btained by 

. . hydrolYsis of prote,in A .is shcr~ in Fig. 1. lJ.'t~ radioactive areas or:· 
the paper chramtogra1JS correspon.-:U.ng to the darkened areas of the 

·film were cut out and. _th~ir ~4c· content was ·detemined ~y zreans of a. ' 

se.m.-autar.at1c. do~ble ~VI .t-.lbe-~~aler~pri.r1tout. device~!. 
Amino' acid estimation 

.r.L'he ~0 a.c1ds tro;-n the protein hydrolys~te. were eluted from 

:.- ':·\~ paper chromatogrnms aft~..r d~termination of their illc c~n~ent. · · 
·=· 

~ '.'. i • 
. . . 

Th~ an10~ts of a,111no .acids were determined by developing !a ·.color with 

· ninhydrin solution and measuring the extinction as ·described e+se...,There 

. ·in th1~ Jo~&JR .; ·. :. -~ . . · . 

: ' 
RFSULTS . ·· 

. . . 

Ti1e arnounts ·of proteln r.ec·~vered f!'Olll Chlorella pYJ)?noidosa. 

. : :>' -.~:·:~: . l. •• .< . 
. · ·'·:· 

. ' ".' ·.I<', ':·t 

. ' . ~ . ' . ~ '· 

::. ,; :·· > ·;:; :;;/::< ~ .. ·. 
.. ' .... 

I •' ' • • '. ~. ~ • 

~I(? :,_·:;~ . . :· .. · ..... 
l· ..•.. 

· .... • ·'····: 

. ' ''· 
. . . . 

.. 

.. . 
. ,· 

' ... . ·. ,; . . . 

. • ;t .·· 

. :. ~-. _.. . 
l ' ' ~ • • 

• ··I . • ''·::·;;·:.: :;: :, 

.. i 
_,1 ·• ".I 

. . 
. . . ; ;'- .. ~-: . ' .-.;: 

. . ·,.· \ ·, ... 

• .' , ",. • "1 •• : •• ~~ I • ; 
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PROLINE ALANINE 

THREONINE 
GLUTAMIC ACID 

CITRULLINE GLYCINE 

ASPARTIC ACID 

SERINE 

ARGI 
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a. 
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0 
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:;:) 
(D 

. • 

ZN -3901 

Fig. 1. Radioautograph of 
14

C -labe l ed amino acids obtained by 
hydrolysis of protein A. 
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during a two hour steB.dy- state· ·experiment are shown 1n Table I. A '~- .. 

' . . ' ·~ ; .. . I . • ' . . ' . r 

cm3 ~i c wet packed algae' :'~~~trifuged according to our t~hnqiu~s has· a . . ·. . . . . . .... , 
. . . . . 

dry weight of about 160 lng,; The'refore, the mean value of 45.6 mg 
. ·. .~ \ ~' . . ' . 

I / ' 

extracted protein 'reprc·seritoo about 27% of the dry weight. Di:rect · 
.: ·. ; ':_ ·;:·~·.; . . : ~-··.. . . · ... ' .... ~···... . ·. 

estimation of -the fraction B protein gavo a mean _value of about ll mg 
1 ' ' ', ' o ' : •! • ' ~· '· • • I • •. ' • ~· o •, ' ,' '~~~.: .f ~:, • •' .i ' : 

canpared_to the 14 mg obtaiiled by differe~e •. ,; .. ~(:_•:.:·. 

. The rates of uptake . of' 'co2 and evolution. of oxygerl' and the . 
. . r • . , 

.... 
. . ·. 

apparent rate ·or. uptake of ammonium ion during a. 5. hr photosynthesis 

.· .... .. ,., . 

. :· 

~· ... 
. ~. ·: .. ' 

· ... 
. · .. ·· . 

. ' . -~ 
\' ·. 

··~.· '; ... : 
; ' .. : . . ·:. ·.··. 

experiment (noo.: 53) is shown in Table _rl:. The "NH4" uptake is b~ed _·,:··. ',·:. · . ' 

. ·. ,upo~ the rate ~ additi~n of l5mi4 re~ to maintain the pH at ··:··~.::<· . .. ·:·· ~;:·~-: 
. ·._.! :.,·/. .• • · . . ·· ·• - • _ · ;- the · · . . · · · · . . · .; · 

:· :··6 during tha course o11: l·r :experflilent. The assumption that this represents ·, .. _ :· ... : .·:,. 
. . + . . . ' .. " .. ~-;-: .... ·, ... ·.: . . ·' . . . . . . . il .. ·. -..... :·· · . .-,·.;:;;· 

, .. ·.:· . NH4 _uptake rate only .. ~~ld ~~:-,;~· ~rror·i.t ... the algae secre~e acid into j; .. _ ..... < .. _::_:~: 
. . : ! .• • r • • ·• - •• -~ 1 t:: : -..... '· ~- . . . . . . . . 
. the medium by processes. unrelated to arrmord.u.-n ion uptake co (An uotake of 

····· __ :~.·- ~:rn0n1u.rn ion equal 't;~--~~~~t·. ;_ .. ~les/ndn•cm3 al~: ~11o~ ~ ~qu~valent. 
''• • , , ' , ·, • , • . • •. , . .' ~-· • \ · . I .i' ',;_'I • ' . . ' . , , . • ·G 1 .-: .· ' 

·.:·to-~ or 7' l-lffiOles of ~/mtil~c~3 alga.~. or·_approx1mately 50% of the·.:·:·:: 
' ' . .. ., ··'·;. . , .. 

;:··.·':-:· · ._:_total photosynthetic .C02' uptake .• )· ·-.. ' ,_:: 
:·.',, ,· :",:.·· 1·,.· ·• . • ·•.· . •. •• 

;-'_:-· ... .- ··: ,.·. After ,3 hrs the .rate ·or a:nmeniUm. .'1o~.uptake ~pears ·to. have 
:~: ·. ·; _· .... · ·< j. :_ • ~ . ' t • • • • • • ~ • • • ' •• ·, • ' •• ;. ,• .... : -. • • • • . t :- ,· 

· .. ···.-. ·· dro[>ped considerably and the metabolism of. the. algae liXlY have shifted 
'·;·'· '·: ·, ',• ; . . . . . .. . . . .. 

;·. ···,somewhat toward fat ~ynthesis~ Such a shirt during the course of the 
··"·· "' ·' ' .... , . . . 

. . .--:>.:~,·experime~t is also wi~ted by the cbanglng ratio of 62/co~ .. Thus .. , _ .... ··. ;·_.:~:r~';;;.;.:;·?:'(j} 
' .. ·-.!.~. . •.: . . ~ ~ . '.,. ,. : . 0 

• • • •• ' • • • •• ' ' • ~ ·: .t.·.<~:~· ~~:;;~ ~~ :./·:·~ .. ~·}·~·~:j 
·: < ' .. ·:.; . • it appears t~t v-te may not have achieved perfectly steady-state corxlitiona .. ' /~::-;".}·,/<\~"-::· 

.':. ·.:over the entire course·.or·t~· experiment. but,fcr the.first 3 hl:-s · ·.· 
. . . . . 

• ~ .... i I o o o ·:: o t 

-;::· .. :>: .. , .cOnditi~'lS appear to.-have. been re~nably close to steady-state. This. 
··:·\·. '• •• • •.• • ... • . • l • • . : •• • • . 

. : ._:;~\: ::\_. :. . . . . . .. . ' ' 

~;:::'. :·:·'.·: -, t£->.r.dency for the metaboliSm to change •·has been observed frequently and · 
::.· ~' ._ .. ,... ·. . . . . . . ' .. ' ; 

.i. · may ·be due to -~ome !;'eSidual rhyth"a follotdng the .harvesting of the algae ... .:~· _:.:c:.::·._':;?·:f~: 

·;.:: > ' .; ·, . ;: :. : ·,} ' ·' . . . . . . :. :' .'! ··J :-:: . · ...•. · .•... ·· (·i::"j::'!~1j 
•• '· ' ' • I ~ • 1 . . ' • I . ,• .,{ . ~!. 1: ~:· • • ............. ;, ·,. ·: t 

. \._·~··· ... >·!.f.: 
· ... ·· 

;. ·~· 
. •• 't 
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Sample 
NOo 

l 

2 

3 

4 

5 

6 

8 

Mean 
·Value 

'rime of.' 
PS 

min 

... '· :·5: 

10 

15 

20 ... 

30 
!· .. · 

.45. 

60 

l20 

-
··. 

",\' 

''· .. •· 

t" 

.:_ .. 
'_,·.' 

'· ~- ·' 

'·"-· 

.·• 

";· 
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TABlE I 

.. 

.. ~' 

. extracted·, . prec1pi-
.. <:~by 0.:2 .N ,.~ tated by 

.·, 

::.Na:OH· .. t :. 0~5 N HCl04: 
rng/g Etlgae· Protein A · 

...... ·· .. 

,.; 

413..2·· 
· .. '~ 

. ~4.5' 

42 .. 4 

3lw3 

., 31.1 

· .... 
' . 

29.1· 

".,,_,· 

·,. 
· ... ~ ; ' ,,• 

32.3 ,.· 

31.5 

31.5 

.·. 
~ . ' ., . 

._.·. 

.. ' 

,.r-. 

,·.·. 
'',.!.· 

:. 

··:·, 

-~..: 

··'· 

r , . ~ ,, 
•I . ·' 

. ' 

· .. "'.' 

'\•,1 

.. t. 

----~----~--------------~~------~----~------------~ . ·' 

. ' ,·.; 
·,, ·•.· 

'.'' 

·. ~ 

·: .. · 

···.' 

:' ···: .. ·.' 

'-~-. ~4 .. 

'. ·.: 
,·.·· . ,· .. ,-_,. .···.- . .. 

I· 
'",1·. 

.-,!' 
' . ~ -: ' 

.';•', 
· .... 

·. • ..... 

·-,, ,. 

·.,. 

,·,-
'. 

. ~- ' . •.,.:::_ 

. __ , . 

.·.,, 

,, .· 

~; I 

· .. \'\; 
'! 

l 
I 

~' j 

.·; ., 
' 

· .. ·'; 

.·. ,:. 

- ... ..::-· 

,.·.-
, ... ~ 
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TABLE II ' . 

PHai'OSYNTrlF:.SIS RATES \ .. 
'l'ime .1' ~ "'! . . ·.: · .. · ··, ~moles/r.rl.n/cro3algae ,; ......... 

02 C02 02/C02 \ nNH4'~ , 

24 min 13.09 12.63 ., 1.04 .. t' 

30-100 min :2.19 

2 hr. 15 ;:nin . 14.55 ·13. 78 1.'06 '. . .. 
100-185 '2.J.O 

3 br, 45 min 13 • .35 12.04 1.10 ~ ~ 
,!i 

3 hr-5 hr 1.21 

. ., 

... 
.f 
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from the contint.tous cultul·•e apparatus ard it~ resunpension 1n a differont 

nutrient l.n the stc.a.dy~stp.te apparatus. In a."lY event,; the data bearing on 

the questiCJn _of ·relati~n beti'l'een free a..Uno acid );x)ols and bourd amino 

acid pools · waa mostly obtained, .. during the first 3 m-s under steady-state 

. c orrlitions. 

The ,distribution of l4c a7~ong the 3everal hound a~ino acids following 
. , . 

different tlml::s o~ f.ihotosyntheGiS .\v1.th lllco2, and the total amcunts of the . 
,, 

bou."ld amino acidu in both protein. A and B are shown in 1fu.ble III. · Tne 

acid f.ydrolysis mctr.od used· results. in the conV'ersion of asparagine 

to aspartic acid and or glutS-l1l.L"le. to t;lutamic acid as l'iell as loss 

of cel"tain amino acids, particularly tryptophane» .cysteine. cystine and 

·. arginine. 

· •. · 

rrhe surn of radiocarbon town 1n all bound amino acids from 

'l"'d.ble III is compared in i;~ig. 2 -w'1.th the tot<"ll radiocarbon found· in the 

protein A and proteL, B fractions before bydrolysieo Some loss of radio-

activity no da..1bt resu~ts ~ the- decanposit1on of unstable compounds 

during hydrolysis, and other los sea are usually encountered durin..; 

chrai1'Utoc~apby. Probaoly the.t\12 are some no"ll-protein compounds which 

follow the prote~t.n during ·the' isolAtion procedure,. though the ~elativcly 

small amounts of carbon 14 1n unknoNn }:>pots on the two-dim~nsional chro:ra-. 

togram3 of. the b:ydrolyzoo protein sug.;;est~ that this .in a. m1nor contribution. 

In any event~ the maxir.llm s·lope of the total bound amino acid 14c-labellng 

Ctlr'V'e is only a. little more than 1 ~tmol~/cm3al~e,t:-rdn. T<r~ s;.)ecii'ic radio-' 

activities of the pools of frt~e amino. acids and of bourd ~nino acid .. s ara 

shcrl'ln for glycine; alanine~ threonine, st3I'1ne~> aspn.rtic acid and glutamic 
. . 

acid 1..11 Fi!!;S.. 3 through 8 • rea pee ti vely. Tt:.e tir;ut•e i:or bound wpartic acid · 

includes both bound aspartic acid am bound asparagine whilo that for bound. 

o.~latanuc acid inciudcs both bound. glut.ll.':dc ·acid ard boun:i glutamine. Tf'J.a 

,•' 

· .... ' 

is a a.onsequenoe or tht.l faot t<hat the acid hydrolysi3 of' tha protein hydrolyzes 

.... 

· .. ·· 

~ ... • 
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-14- TABLE III 
.,. II ·'!·' 

• AFiO!jNT OF 14c .AND 'lU;~ .. C IN BOffi.JD .~<fiNO ACitS PER cr13 AWAE 
' . ;_.. . . . . · . · ~Hriol~~; :i."iUnO acid )Jmole~ i2c In a:iin 

· .. ), y!J?Oles 14c in bound amino ~ids/cm3 algae · · per ·cm3 aglae acid per cm3 alga 
. :=· . .. -·· 0 

Tfue: '10 ~nin 30 min 1 hr 2 hr 3 br 4 hr . 5 hr A B • A + B I .. • 

· ~mno Acid ~ ' 

·,· 
Glycine ~ 

Serine 

Alanine 

Threonine 

Asparagine + As~~tic 

Glut~nine + Glutamic 

•ryros1ne 

Proline 

Valine + fi!Cthionine 

. .. 

Pbenylalanlno + lEucine 

Cystine. ArDlnine + Y~st~~

Lysine 

xl 

~ 
XtJ 

.&'@f 

( .., 

· ...• 17 .92 
. . 

.11 .76 

• 38 2.5 

.05 • 90 
.. .• 3B. 2.1 

.09 1.3 

.. l.Jo 1.3 
~ 

.26 

.36 . 2.0 

·.47 ·5~0 
~ . 

.22 1~4 

.29 1.7 

.03 .05 

.01 .o6 · 

2.96 21.3 

2.0 i. 4.~ 
' . 

1.7 4.11 

4.8. 1L3 

2.5 . 6 .. 3 

4.1 . 9-7 

3.6 10.5 

2.4 .. 6 .. 4 

Ll . q.3 

. 7.1 . 9.1 

··6.3 . 8.5 

·9.5 31.4 · la8 

9.9 15.7 1.8 

17.1 22.3 27.4 ~0.9 6.9 

9.6 15.1 16.5 . 13.1 2~8 

15 .. 2 . 20 .• 4 211.3 38.0 5.4 

15~~ 24.6 29.8 35.2 8.0 

. 9.2 12 .. 8 15.5 ' 7.2 1.5 

8.7 12.7 . 16.0 11.8 7.2 12.7 . 16.0 11.8 

. 4.0 . 13.7. 18.0 22.9 25.2 23.4 2~6 . 

11 • .8 .. 23.5 . 36.8 

3.5 9.5 15~7 

3.6· 8.~. 13.4 
. 

.12 .33 .. 33 

..• 13 .20 .43 

.10 .26 .64 

24.5 

21.0 

17.0 

.87 
·-

o57 

.54 

'19.1 33.4 

24.5 7.7 

21.5 ·8.7 

.73' .6.7 

• 85 .51 

.72 1.8 

2.6 

1.7 

1.7 

33.2 ~ 

17.5 

. 47.8 

15.9 

43 .. 4 

~3-2 

8.7 . 

19;0 

26.0 . 

36.0 

9.4 

10.4 

6.7 

.51 

1 .. 8 

. 45.4 113.2 17lJ.4 212.9 2111.5 275.5 ·44.0 319o5 

( 

. :. ' .. : ... 

·.· ... 66.4 

: :5i;5 

143.4 . 

63.6 

173.6 

216.0 

78.3 

95.0. 

130.0 

288.0 

56.4. 

62.4 

21.0 

(40) . 

_1,486.6 . 
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500r----------------------------, 

Tl ME ( hrs) 
MU-31991 

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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2 
TIME 

3 
(hrs) 

UCRL-11141 

4 

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 f.Lmoles 6f 14c 
divided by the total f.Lmoles of carbon found in the amino 
acids. 

, . 



-17- UCRL-11141 

.6r-------------------------------~ 

t
u 
<( 
0 
c 
<( 
ct: 

u 
LL 
frl .I 
a.. 
(/) 

2 3 4 5 
TIME (hrs) 

MU-31989 

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 amino acids from 
hydrolyzed protein. 



• 

'"*'/ .5 

>-
t--> 
I-
u 
<( 
0 
0 
<( 
a:: 
u 
La.. .I -u 
L1J 
a. 
(/) 

Fig. 

\..) 

-19- UCRL-11141 

2 3 4 5 
TIME (hrs) 

MU-31985 

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 represent amino acids from hydrolyzed 
protein. 
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Fig. 7. Specific radioacti.vity of the free pool of serine and 
of serine obtained by hydrolysis of protein fractions A 
and B. Closed circles repTesent free amino acid, and 
open circles represent amino acids from hydrolyzed 
protein. 
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2 3 4 5 
Tl ME (hrs) 

MU-31988 

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 re,present amino acids 
from hydrolyzed protein. 
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· the aniide groups_- . 

·- DISC'uSSIQN · .. ,, . \. . 
, .... 

In the curves fo~ free ar..ino. ~ids we see the pr~v1ously described2 . ; . . ' . . .... ~ 

! 
. -.:I 

- . _. _.,-,J 
. - . . I 

.... ··: :-··.: 1 
. - . :_:. ! 

' ~ . . I 

. .- i 
'I., 

~· .. 

aat~atiC?ri of actively turning ·over pools of 11prllnar>J" amino acids . .'--· ,, ' ! 
·. t 

· separated from other in8.ctive PoOls of the- same a.'1lino acids. These . . . 
. . ' 

( 
) ;-. II 

. ;; . . ·" ~. ,·~ ...... -
. I 

- I 
-_ pools l'rhl.ch we b~lieve to be pho~osynthet1cally formed and looated 

\ . ' ~· . ' 

in tho chloroplast, typically constitute 4Q.:-50% of the total amino acid :··. ·· ·· '-- ' 
,. \ . ·. _- . l ' ,: .'.. ·- . . . .. : -.; '·(-: ' 

p~ols and. therefore. "saturate" at a level \<thich'gives an average speci:Cio' ~1~ _· ·. 

·l 
I 

. ".- . 

activity of 0.2.:.0 .. s.'·However~ ·we see thit in the case_of serine 1n 
• '•l,. 

; ' . ' 
. . . .· ... . . . . . . . . : . . . . . -_ . . . . " ... '• .· ' ·.. . ~: 

this experiment~ saturation occurTcrl at about 0 .. 1 specific radioactivity ·. _' ·;. : ·:· . . . ' . __ ., ... 
( • • • • • • • • • ' • • •• • • . • • ..... ' : ·' ~ ·,. ,· • c ·~~(_;. •• 

for the entire pool of_ serine while for glyoin,f.:'_th1s ttaaturation" occurs ·:.: -:: __ ·.·· ·.· :: 
'\ I ~ 

at a specific radioactivity for· the total ~cine pbol of 6t1ly abOut 
t • - • : ,·· : • • \. ; • • • ' • ': • ...... ' .4 

.• 015. This is another way of saying~tha.t the actively turning over·· 
. . •' . , . 

. ~. . · pool of glycine~ ·presumecl' :to be in t~ chloroplast, _is extremely sna11; 

_pool of glycine; i~eed1 to;• all ·or the bound and fre~ amino. acids 

for' which ·labeling rates h3.ve been canpared, the ma.x.1irurti rate of labeling 

_:: ... of the bound aznin~ a.c'id.is ·achieved only by· t~ time the actively ~, ,- -. 
; ~ • • - , •• • • .- .: ,1 • • • " 

, . ·· .·: ' ~ezt pool or the rree· ~o ·acid 1s satur~ted with 14c· •. we ~ega:ro thl.s .. _· - -- -: 

. ·' · .; · < · M con~lusive evidence for the conversio~ of amino. acids of tbe . -- ._- · . ···: : .·. _,. ·. _ _. -~ · . , :. ! 
..• l ' . . ' 

. ' ' • '· - '<~<·:~ · ..... r F. J 
-actively turning over rree pools_ ~to :t6e oouild amino acids o·r the proteiris .r · .. -I 

.·--. ,4 .• 

' < • 
' ', I 

. ' . ;~ - ·. -.; . .··. . . ·: · ... - . ' . ! 
. - . . ; .. _·. ( . ;_ , . 

. -J -> -· ·· :· _ .-_:. · . ·during ph_ot6synthes1s .. 

r-· -,. _ 
_!;':-.:·_. 

·I:;_ •.. 

f . 

Tnis conclusion ~pears to be in ~Ca:ne~t With the results of . : · .· · · · · _ 

~tudies reported. by 'it~ebust and Bid~.,~u?-i:f i~o- rcim~ that protein-boum~- /~ :·,.·: · ; .. -. , .. 
' . . . 

. . . .. . . '· .. 

serine and glyoine were derived fran "photo~ynthate11 'by a route bypassing ··: 
' ·f 
I 



.•. 

-23-

·the bulk of s~luble pools of these amino acids in whe>.at leaves. As 
' 

'. ~ . Ttte have sho\'m here, the pools of these amino acids at the phOtosynthetic 

. site can be very srnall compared with the tOtal soluble pool• a possibility 

, ·recognized by Hellebust 8.nd Bidwell .. rfuat is perhaps surpris~'1g is that 

result.s froqt tr:o such different photosynthetic ?rga.nisms shOuld exhibit 

such stm111ar1ty in regard to actively-turning ever pool s1zes of 

specific ainino acids._ ... 
. !' 

I 

It is_ somewhat d1st.urb1ng that the total rate or labeling of bound 

amino aclds isolated .fro-... 1 the protein 1s ·never mo.t"e than about 1~2 
• l. ~ 

\.!moles of 14c/m1n/cm3 algae,· if we reit15nt;er that the synthesis of i.!ee 

amino acids from 14co2 may be as htg,h us 3.5~ ~moles/mWcm3 ~It~e2 • A 

· number of factors may combine to. cause this apparent ·discrepancy. First . . 
' the recovery of protein_ cannot· be canplete though "probably the sum of 

,, 
•. 

.. , . 

· ... 
'·· 

fraction A and fraction B protein accounts for sane 60-80% of the total 

protein which He might esti.-mte to be some 40% of the dry weight!) or 64 mg. 

tv!ost or the free amino acids for which we have not dra'<'ll'l curven appear to 
' I . ' ' 

. saturate ·with 14c .more slowly tban the "primary" aln:i.no acids as· a 

consequence of their being formed· !'rom the prirr.a't"'J aln.i.no acids. Thus 

· the carbon· l4 must find its '?~ay thrOugh a number of more slO'dly satur~Ung 

pools before 1t can· be incorporated into the proteino We have from t:L11e 

to'time seen indication of the fcnnation 'of labeled_ peptidos during · 

· photosyntheuis ar.d these may t1ot .be Precip:i,tated by the treatment used 

1n the isolation of proteil;'l~ Since the pool sizes or these peptides my 
' • ' 1 ·\ • 

.. 

.. 

l•t • 

·,. ·. -

. b~ substantial:t the floW or 14c through the peptide pools may d~lay its entry 

· ·into the protein. Finally 1 we ma:;/ expect that the ay~thesiE) of: other tl.On-
··-. 

' "':·' 

. protein ccmpo.lnds including the nucleic acids will accoUl'lt for a substantial 

Portion of tha labeled a"'Tlino acid utilization. 

. .. - . 

.r. 

,,· :• 
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. ·ilevertooless,. the rate of flovr of .14o into free amino acids 1s so 

xr.ruch more ·than •.re have fourrl the rate into protein to be in this study 

that ~1e T.iUflt consider the Po~sib1llty of the free a.'nino ac.ids .. being used 

in part 'for the synthesis .of ·n~n-nitro-~oous . compounds. . 
' ' 

. At t~ same time, synthesis of protei~ from n~n-photosynthetically. 

forme-J amino aci~ .• as found ·by Hellebust am Bidov1ell, 1·1ould utilize 

the nitrogen reieased by the lnciorporation of photosynthetically :.t.'Ol"nlcid 

amino acids into nozl-nitroe;enous compounds •. '• . 

Further investigation of the. q~nt1tative aspects of th~se ·pathways 

Cil'1d Of the peptide pool Si~eS Will be required to obtain a mere co;nplete . 
. . 

picture of the relation of. tree. amino· ac~d pool· labeling and. bound amino 

acid pool labeling. . 
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• This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, 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 proces~ .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 
Commissipn" 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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