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. , ,·. . ~~.·. .;:.·~r~ .'~,_THE EFFECTS OJ! 8..;.ME'I'H~L··LIPOIC ACID ON THE EVOwriON OF, ~XYGEN AND)UIDUCTIO~ 
.. ';" · · ~. · :· i :· · · ·· · · , . pF CARBON DIOXIDE nmu:oo PHaros~ts11 · · · · · · \i·' · · \ · · 

: ... . .. ~~~t~~£.=:H:S~ ta~om~~ /:~~ity or ~1( 
/.. · : · · . .. ·. cal.i:t'ornia Eerkeley ·ll California . 

. . ! .·' . . . . , . • •; , . • n, 
' . .· '. •·.· . ' . Kinetic stud1~s or trans1ent··-~~s· 1n the pattern ot l4c...:la;i)eled ' . 

7.,,ii;~~~ i~ ~. p~bosynt~~esis With 1hcQ2i:1;av~ gl.~ much ~"li'ormatioo ,. ; 
;~· ~ ' ' • ·; • • • • • ' • ' • • ' ' ' • • • \I ' ! 

., . ' · about the operation of the carbOn reductiOn cycle 1n vivo. Such changes accom-· . ........~. ' : 

. . ; ~ · J.<~L i 

,_ .. · pan.yir'lg-.the· change fran li&ht to dark (CalVin and Massin1, l952~:J~liL~sahwn e't} alo o ··' 
·;~: ............ · .. · . ...-,..· . ·.· . .·: ~ . . ..... ·,;_ .. ·n::~!~;.;~. ~ . ...,.....V. 

". · 1 · 1956) 'am the sUdd~n · cl"aM(19 trom high _levels or co2 pressui•e to .~r~i:o,y low 
'·~ • ' 

0

' 

0 

' ' ' ' ' 0 I i' ~i .• :;>!1"< 
. levels of C02 pressure (Wilso~::a,ro Calvin 11 1955) provided an ilnpm~~;ant 

·. ·I-•. ,, .>· .· . . .. ·:.·li;', . 

. ":.-

' . .•· .~ .. '• 
''•• 

: ·"' 

• j : ' .. · •• •.· 

: .. ,; ... · . ~ 
: . ,;·j .. ,· : _-! · part or the evidencE& on which thrr: carbon reduction cycle of phot()Sil\fnthez1s 

\ ' ' ' . ' . :'!1. '• 
· , · ·. was fcrnulated {Bassham ~ !!• t l95ij) •· Introduction of a. chanieai)~lrlhibitor . ' w 

, •. !·. 

:;·T':' · ...... · 
' ·. ' 'capable of irtter.t."erring t~1th electron transport fran the photoohemioal stage 

..... 
·. '~ 

' '~ "; 
.~. ,_: 

.'\ 

' ' 

.• ··~ ' • .. • • , ' ' l ' • - ' • • ' '. ' 

' ' . \•' ' ofphotosynthesis to' the carbon re&iction ~thwey' oould'·.be :a;:.tobr; .•. t~;.::·i 

--·.,_. · .. 

. . . ~- . . . 

.;.;·}. ·. ' .· 

for further Gtudies of this'. type. , .~ :: .. · 
. ' . . ....... ~..:-.. , . 

,:_ . 

. ··~·~ .. 

. , . ·.It has beell suggested (Bassham.; 1963) _that disulfide compoUnds S!J.C:~_l as . 
f.. . ' 

: : lipoic acid · or·: sa-ne e~yme· boun:1 d1sulf1des might function in the electron 

·; ·.trans~ ·rron substances at the potential or reduced PPNR to the site or c~ . :. 

. -·· .. .... . 

·.:' 

··. ' .. 

·· bon reduction~ We 'theref<re ~hose an analog or lipoic acid 1n the)lope or 
. . . · .. 

' .. 
·; intet-ferring With such a function. AlSOa we hoped to obtain' inf'ortnation about_' . ' . 

' ' ' . ' ' '' ·I! . ~ ' . . . . ' '. ~ .i!- . . .. . : ·.:.· ' 1 i '· ''· ... 

possible reductive carboxylation reaction !!l ~ in the light:. ::i:: . .,: · .. ~ 
.. . . . ·. ; .. .· , L ·:· .·. , .·. . : . . . ·.··. · ... 

"> Chlorella EYI'enoidosa• grOim 1n contiiluous culture (Bassham &nd calvin,.:,<. :. 
· . .c; . . . < • • • • ' • • ' ' • • • ,: ~- • 

' !J< .. ' . . ' ... . . .• ' ~ .. \ . . ·, ' . ~~· ' : 

,_;' l957} was harvested &.n:1 resuspen.1.ed 1n a mineral nutrient solution describer~ 

'· '1., 

... ' . . ~;; 

' -~ ' ... ,:~ 
·,j 

-·-· -··. ·~ '. . . . 



·. ·.•·· 

. 33,.000 l~x _incident• and :f'rom the -other aidt.t by· a· bank of. al.ten1ate t4hite 

: ~F: l '·' ' .. aalblu~. t.l.oor~oot lMip$- ~~St •. 8000 .lux L~1dtnt. Aft~ -~ntl nour: ~ photo- ,, 

·. --~· ·,:.. · .. $y~the~is. t:t.e systeal ~-:c;J.oa:ed -~ 14co2 \ias intr«tuced. ~~- -~Atea ~f ·:, . · )' .' .. · 

:i\,; , · ; '· o;wgen ev~t1on am W'bon. <Uolddo ~n.i lllcaa u~o ~ eont11111CW>l1 --.. '< } . . /' ; 

~:·.:~{. (_;~_;·· .. obGrved<aassham and :liirk,-l96oa :Smith, S!! !!.··: l9Glh . . .. . . . ·· · · 

, ~-cr · _:-::·:.- 1· · . · ··:·. l~vi<?us studiee (t~e~ an:! ~~' l$~0) shoWoo. that phosph.o~ye@i¢ • · · · ·: ·· 
. : ~ . . . . '. . . .. . ' 

-. • / :_, : acid· (PI.tA) 'ani th\'t ~~ phOGpr.Attm of: the dat-bOn re~uotion c·ycl$ ~o.rw:. . . :. ·· · 
,. ,· . ' ' ' . .. ' . . 

. 0:. 

.. ttaatu:'at&d.j' -\'dtb radlo¢arbon alter sw.~ !.) ~in ot photosynthesi$ .in thit_)t: .. · 

' ""., 

} ~senee o.t l4aoz ot constant epS<:1t1c nliltoMt1Vity. Attar 6 tainj 6 / :;: 
: .,. . . . . 

', .• <t. · ~l!!lplea ~:r the algae $U~pens1on we:.-e taken at. 30 tJrt; intervalS into wei~l~:ted . · · 
- ' ' . 

~: . l . ·~ . . . : . . < • ~ ~- • • 

' · · · tUbes cont~ ~tbanOl to gi'\te a final c-cn~t1lnt~t10n o.t. .. 80% tnetha%\Ol• 
'·' !'·, 

.. . . 
~·· · .. " ! . 

. ~i·t:. ' 

to _stop the tmeym1o reaetions. _10. m~. or· S...tb.Yl. Upc1c &rid .in 200 Pl· · ·: 

. ·. '.. . -~ : ,. 

· · · · · ··:·. ·· .: . shO~ted th~t 200 til· Or eth8.nol alone ·ea.uee ~ .~aaUreabl0' .c~ in. P,hot<i~: ' .. ·· 

.... ·_:. ::::: .. _syn.th~su ;-ate ot label.ing p~tt<ifm.····· ·· ···: • .. • ..... · .·::. ·. 

·'.···· 

' ... 
I . 

'•/. 
.. \. •· ... 

; . ~ . 

.. '; 

/::·~ : ·.:;, · · .. ·. ·~:}:$~~l~s tJf the. a~ eus{~~1on were taken at t~s $~tl in the ii'j,~~;$ .. : .<·· ..-,;; .. ' 

. I . ·~' 

. -~:~ · ... ·;·::{·:~~.<-~:>>~:1:: .--_·.,).: > : ·- : < ·.. ' ' ,:_:·:·, . ·.. . :: '•' '. ·. :
' · Au.· al$lt1 ia$.'tlPlcr.s ti'N bUbs~ly extracted• oor.::cd1trat~ .and ana.:Ly!fiell:,J; by .· 

tw~~~Ml. ~per··~t~ey M:l. radioau~~ a$ demrl~~d ;Pl.~t~· 
· .· ... ·: · 1oWJ1r:. (~~ham .am calvin. ·1957). 'me ~nt or lite. 1n 6l\Ch -wid;' ~~i~:~: .. 

. .• ·: 
1
,:_;. deat~~~.by ·~or .the ~~tic apot counteto (!\'•& and Lott~l"~~~~;~ ~J:.i;, ·'i: ... ·:· 

' , ' ' , :~~ ~ c; . : 1 , i · :: ; I , , · ;·• \·J:.r~i:; ... ;'; : : : , '.::'<:: . ; 
>'·!l'; ~-2~:~'.:'~'>· •·· ': . '. )'.:' . . :::·::':> 'I .'; ; 

·: -~- .:;i~·:.·.'Tn~-~l!o~~•.ar4 ~- of.1nhib1tiori w1th n~.r.allev$ls of' ~li·tt.~~;,>.: ·. . .. 
.·. :•:Jr:~-~/.!: :.i ';.;-:~~~- ~_.:·.:_, • • _... : ,:. -~ •. ··. • . . . -~-:f<:::-· ,;_ ::·};··,.:-~ ~._ .. 
. llpoio .. ~id and 'W'i~h: lipoic acid C"'e ~"ldieat~i in Table !., ;; :i'.'> :·: ·;: ; (:- ;' . · 

, '··. _.:,}}::~l:;~;":·,.t'' : .. ; .• ·· :.: I .. ', , ' ,_J -':,\. ~: ·, I>' .. _.,·.'· ,, 

,,··. :::;:·.·:ih~.{'l.-~ 2 ShoW the amount of l~·•J.atel«J c~nd: (:.btllilnE!I:li f1~~:;~~~::·:.· ..... 
:=~ .. ~. ·. .·~·· ·: .~ :..?:::~.-·;~. ··.:. ;: ~ : : . . . · .. 1 ·: .' • '. • : ·, :~.· \ :· .··: •• 

;; · · · · ~·samples tair...tm ~ t~ oour:J~ot or e.xper1nmnt 3 (se.e 'I: .... --·4 r) ... Ae;, ·~il .:: ·· 
• ' • f . • < 

·\·.· 

; :,:· 
,:; :.· 



u:r.iOles/llin •CJn3 a:~t!~a;.·) ( ·~·~· ,. i ~· •• pn.ck) 
o., 
.<.; 

c:volution cc2 u;,t~:.\ {e 

l initin.l 
after l ms 8-t1a Upo1<J. acid 

irlltial 

before 
2-10 

ar·cer 5 roz 8-.'!e Upoie acid 
be foro 
2-8 
8-12 
12·20, 

.. 

~ .. ' 

3 :L'1ltial t. ; tieforo 
af;;~ 10 mg 8-t"till lipoic acuF · 0-20 

'··2o-26 
20..110 

1n.:it1.'?.l 
aCter 10 rug llr)oic acid 

• bi •• ....... 

before 
3-10 
14-20 
26-40 

It I • 

·• 

10.9 .3 .. 2 
7.6 5.:J 

8.8 7.6 
lo3 1.3 

reoover!n.~ 
7.0 4.9 

12.9 10~6 
0 0 

~covering 
4.2 2.:) 

10.2 7.6 
0 ... 2 0 ., 

"J 
5.~ ~} .3 
~-7 Le9. • . , > ................ 

l)l:"i!'JlCU3 studles With too &teady State Bff~*'atu:s (;~~Sl'lai'l.l an1 J:arkt> 1960; 

Smlth ~ £1"~ l96l) the .!llpociflc a.ativit:,· of tha 14co2 rU:iS b(;;.-en L:~<linta1rlf2'd 

at a constant r.:tmlsured value dw"ing tl)£1 aour.:.c of the experh1Emt., '.(he 

acnu..u1t of l4c found ex.perL.~ntally 1n tt-t~h cc::(:~u.rrl ;1~ beerl. converted to 

Pi;:;" l sl101;$· a suc't.len• largo drcp 1n the leval of PCA and a sw.1d(ln 

rilk~ in the levd~• ·or .fruat~l,W1ph0sphate and ~.tooohtJptulose-l>7-

dipho::.ph9.te upon 1n~r«tuot1on 'o! the ir'Jlib1tor. 'lhe ;rate ot' d~crw.s:? .or th.·~ 

PGA pool our1~~ the 1"1r.ot 15 sec with the 1nhibitor may ~-,e ealculat~d az 

(2 .. 4 - 0 .. 7)/0.25 • 6.a miOrotnoltm or liicAaWcm3 of al1;_.ae. ·1~.11s rato ~ilJ 
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{~;tl?tt~1f~~~.:· X'~~; ;\ :; : .· ;\ . :. ! .. · . . /~~ . . . : . ~ . . . . . · .. :, . . .. ;:: . . ~ : ·~·:. ·: .••... · . ·· .. ·. . . . . 
.:_:,:~.Jif!}tt'·.}·· at>S~nee or: a.ey..•P~~Ji~lt{tnor~ in w.--UU.m tUphOaphosJ.uoOi!i:&! '<nero ~h~.:.n·:. ;.• ·.' ·· .. . 

""'/i::.f-.\;:~ :y .~· i. . ·. ',. ' ! ' .. · ' ' . ·:--· ·.::. ,· .. ·( . •· '.. .. .. ,' •. .· .. ';.; .... -::~:. ~ . ·' 
·: .,·. ·.\•: _;:)·~-:I tr~t in<:li.lded in a l.frh'!ti.la·~ to the "&l~Gso d4.l-hou-phate$n) •. ,.·'':.-. · ··· :: : · 

J;£;'J~:i~;~:·· .. :, :' ~:.·";'-;:~-:: . ; .. ::· .'. ~-- ~' ·. . . j • • ; ' ••.. . • • • • ' ' . • ' •• : : • • • •• ' 

.,; :.:;· .\ :. :' · · , . ·:. '· .• Chafl&<!.$ 1n tne . lev.~l.s of· $Oma of tht?z au- rt'tQl'l()phoapl~tos ·ana. or· 
;,~_ .. _~5·./ .. ·;·:~.:-.: ~-·'· ·-. . . ' ·. . . . . . . . . . . . . . ' . 

~:_.).: · .. ·: . ' .·.· .. ·. . • . •' ·... . . : !_.:: .. · ·. . , .. ' . . ... ' .. ' . .. . ,: . . . ' . ' ·.' ' .. h ·• ... ~':<··-~-·· ~-. 

·\ribulose-111 5-diphoeph.ate. ~ ShOtm 1n Fig• a •. Labeled· t'Notose ani.[~ •• ~:.;·:'·. ·. • ~ 
·,1' .• '·... '·: ··.··, ~.. . ~\; . . ' . • . . .. i :• • . . ~ ~ ! .. ~. ·' ••· :1{·_:-~t·'~--~"'-~· : 

~. heptulose m011ophonphatea deQrOO.Se rap1d]3 at tirct,' t~n Ul'ld~') a Stt~i!l:l::L • ·" 
~ ; I ;_.: ·.:,I f ~ '• ' ' ~ ' '; '• :'If. i • ~,', . ; 'f\ , • ' , ' : ' , , , ' . • ' , ' ; . ' i.~ • ~ • . 

-··· :- . 
.. . ', " 

·pc>:Sit1 .. te. transitmt, t>etwe ,ccmtit~lg to deolin$.grs.dually. Olt.te~e:-6- f.. ·· : · 
• ' '. : • ; . . • • • : ' • -- . . ' ' .• -. ' . . ; ':.' : • ,_i ~ ; • • : .. ; . l 

·.:. - 1; : •j '• . •. . . ' ~ ~ . . • '. ; ; . 

' _phOsphate :uOdergoea a· ~ual. but ·w,e doorease in r«'tioaet1v1ty d!Jl"·ifiut ·_, · · .. 

. ;>._'tho· tit;.c: ·.iha.t .sue~~ 1~~s6·· Considar-~ the· great c~e 1ri p~SF1h~o- "~ · ·_, . / '.: ... ~:: .·.:: . 
~~. ' ' ' • ',

1 
' ' • : • • • ~ I ; : I • . • . ' ' I l ' ' ; : 

·:~;; ' . ·,,_ glYceri¢ }ae1~ am tl~ co.~lete '1l'lh1bit1on ot ·ph<)tos~thetd.$. 'it a ~~"is-. :_~ ,· . ' ' 
Y;:.<::. .. ~ · .. .:;_ .. :_ :::. , . ;· ::.. . ·.. . . . . . . . . . ...... ·. . . . .. . ... ·''· 
,'. ··· ·. ,-'111& ·that ·:ri't)ulose dipl10$phate changes 1n eoncontratlon by Only .a. $mall' ·~ ·· : .. 

:. '':,: ... · · ··: an~~:-~~~:.~oo:·~· -~ioi·. ·. . . . . · .. : ·• · · . . . · 
' 

0 
• ' ' ' , • o 

1 

" t ,' •. ,f • ·,, ,: ~ ' ' , .. , •' l• .~ •• j • I , • • 

.;·. ·' .. ~ 

' ·· · · .-. ·. · ·' .. : '~ .~.of th$ 'photosynthetiC O(.trt"IOl'l reduoti,on cycle &$. U..~ . , 

.. : · ·~ :, ·. : ;- i:::;. :. . ex~s~ed·(~sham :~t · 'al.• t 1954) the ~e iila~iate effects. ot• t~: addition ::: . ' , .. , : .. 
~i~:~~':. 4 ., •• :.···-~ ,· • ....--:-- ~ ' .. : • • •• ·:... • • • • •• ~.· (? .. {/:::-:.··· ot, 1~ub~~~ seem to· cui?ge~t either & ztim.lla.tion1n the_roou~t~on ~r PGA ; _:'. ... ·.· 

_:~.tU "::~=-~ .. ;,:· · (wbi?~\ ~-~ ~icult to rationalize with the appl.U"cnt ~ib1~~~.~~~·~2 · .. : . 

·· ·· · · · ·' ·~. :;: :~· U£:l~akEi·~~·:~ evoluti¢n) · ~ perhapa ~e pl.awsib~; an:.irk~bition,~'o~ cl:W~ ·· .. ·:·< .· 
'.- ::.· .',:•' ·~ .. ··':.:· :.··::~ -f:.it:~ )><' ·;, ' , . • ' • ~ 

1 

, ~ ·:;· ; ',, • •• : .-,~ ...... • •• 
1

:: ·.,: \. ... "·.', • ·, 

.. ·.: . boJQ~lat1¢n re:aot1ona l<tading to the formation of PGA. · · . · · · ·'. · 
• :. ;,: ) • ~ '•, ' : ,: •, < ' ' .' " ' o ' ' • o .! • ' '• • ,' • ' ', • ~ I<~ ; , ; o ' 

' -~·' ... . . nor d1si:1Ppeat.s 1t -'ia neces~ to postulate that ita. r~tion fran . . ' . . . ' 
~ ·. . •·. :·'.· .· . . . -: -· . . . . . . ~ . . . ', . ... . ' .. : . . 

:r.il)uloae-5-Phosphate 1s al#o 1t:th1b1tede Inh1h1tion· of th1& reaction (px•a- -: · . 
. ·. .·.··' . ' ·. . . . ' . . .. . .'. . ; .. -· 

"-': ·. · .. · <~:,. · m~pl~sr>hate~ (~umablY ·thrOugh the aation ct phosphatasea) • 
. ·-~~ :,: _;.:. ~ ,· :, ·.~:'H~,', :· .:'_;.. . . . ' 

· · ?'·(>·'Other taxpla:nationa or the inhibitor erreots (iuel1 as 1nh1b1t1on QJ:·· '.: 

. :.~~;'1Q~ta.nduot1!o ~arb0xy~t1on·ot he;xoso ani heptoae 41phosphat~z).:\. :>.·, ... 
/: · -':· a~J'::ji)6$:t~ie. bUt the~· tMr1cus consideration •t ·await ·t\irther _e:a;r.~'r.-;L~aen~' :.;;,·· 
· ... ;.·. :· ·, ·. ·. al

1

.'evt~~e.··~.e ~iact'~ map1tude or' ~tf~~)ts ¢a~ed:~,;~t~(t: ;:: '. . ' 
·, ···: .. ~ · -;~_-.h: .. _-:;~: ... · ·. · · :.·. · ···:: .· '. : ·J :" ·. ··.,. :: ·,: :·.::··,:.,··.1'~·.·, .. :~~:::·· _·.-.: .... '.'.-.<·.r~;>~·-: . 

.•... ~·, ~: . . ,. , , i; .... :·· .. ~ ( 1,, !-~ •·.· r! ,, ~~ :.:/~;··:<··: . ;,_• ~- .. ·:··.-
~· I•~ f .:. :'~·· j : 't ·. ''\t ' ' ,;, -~~~-~"'''I.' -~~-•"'!, ~- ~ • <. • ... "''.-l·~,f ., ' · .. ~:~ :~ ,_' _... ,i, 

I .. 

i. ..... 

. .. · :. 
,·-··· 

~ .'' ; 



t ;~·>:,; ':.ii;i;:~·;:\~Y ,, · .. ,. . ::·t> L . •• .~. . ,. , . ··. 
, , ,. ·' ,,· ~;~<.JJ:ppi~ aold·,~ ll:f:JC>1:Q)\~1dst- .W1aate it$p0rtant ~·~role~ tor 
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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 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. 




