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A POSSIBLE PRIMARY QUANTUM CONVLRSION

" ACT OF PHo'roerTHEsxsl

M, Calvin and.Jo"Ao Barltrop2~

Rediation Laboratory and Department of Chemistry
. University of California
Berkeley, California

To account for the observa.t:uonB"("’5 that 1llum1natlon prevents the |

| appearance of newly a851m11ated carbon in the compounds of the trlcarboxylrc
acid qycle, t was suggested5 that the light shifts the steady-state conditlon
of the thioctlc acldncontalning coenZyme6 7 (protogen, llpOlG acld thloctlc
acid, P.0.F.) toward the reduced (dlthiol) form, in whlch conditlon 1t is x

_ 1noapable of ox1dative1y decarboxylatlng pyruvic a01d,8 ? newly formed from
QQZ to glve ‘rise to the acetyl-CoAlo ll 12 requlred to bring thls carbon 1nto
the compounds of the Krebs cycle, We are here reporting some observations .
leadlng to the further suggestion that this shift toward the dlthlol form is‘
the dlrect result of the 1light aetion and that a blradlcal formed by dlssoclaw
tlon of the dlsulflde bond in a strained five-membered dlsulflde contalnlng |
rlng (as in 6 8~thloctlo acid and trlmethylenedlsulflde) is the species in |
whlch the quantum absorbed by the plant pigments and stored as electronlc exci-
.tatlon in chlorophyll13 appears flrst as chemical bond potentlal energy, 1oe°,
that a poss1ble prlmary quantum conversion act of photosynthes1s is represented
‘fby the equatlon | | A |

Gh1” +8 = 8 o> Chl(grouna) * § § e
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Subsequent abstractien of H atons™#*15 from a suiiable donor by the thiyi
free radicals would lead to the dlth“OL whlch would be reox1dlzed ultlmately
by COy. The re81dual ox1datlon product of the H donor would lead in the end
to molecular oxygen. It is obv1ous that on bOuh the reductant and oxidant
.sides the chemica; products ‘of ‘the conversion of several quanta will be required
to accomplish the reduction of each GO, mpleeqle anq‘the generation of each 02.
nelecule. - S
These subsequent reactions,AEeirg;etrietiiuehemical, may lead to diverse
'energy rearrangementsot For example, the chemlcal potentlal of reduced carbon
mlght be convertea by ex1dat1ve phosrhar"1etro °&”tLOP“ 1n*ﬁ +bo en@rgy of
phOSphorlC anhydrides, whlch in turnpucould ralse the potentlal energy of
1ntermed1ates An the reactlon sequences leadlng to the evolutlon of molecuier
oxygen and to the reductlon of COé 16, 17 | . | : ’
A value of the dlss001at10n energy Por thls partlcular dlsulflde llnk .
lylng 1n the reglon of 30—40 Kcals° would constltute not only perm1551ve ev1-»
dence for reactlon (I) but p051t1ve ev1dence in 1ts support, 51nce hltherto 1t
has been dlfflcult to suggest any llkely prlmary chemlcal step eapable of use=
fully absorblng the greater part of the m»30m40 Kcal° quantum of electronlc
exc1tat10n avallable for photosynthes1so Estlmates of D(RS-uR) from 51mple
cpen thl“ cempourds range frcm bO’8 ti 701’ Kcals° Howevery the fa that
uv5 8-thloct1c acld is colorless, whlle 6 8=thloctlc a01d 1s yellow,2o suggested
hthat the 1ncorporat10n of the SnS bond 1nto a 5=membered rlng mlsht‘lndaed 1ntr0m
ﬂ‘duce sufflclent straln ;nto 1t so as to reduce the Smo dlSSOClatlon energy>qy
as much as 25—30 KCdlSo, thus brlnglng 1t down 1nto the requrred “angeo A number

of experiments have been performed using the producu of the reactlon.of Na282

with.(CHQ)BBrZ (trimethylenedisulfide) as a model eubetanceos Tts absorption
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spectrum together with that of the two thioctic acids and n-propyl disulfide
is shown in Figure l. A light 1nduced fadlng of dlphenylplcrylhydrazy122 at
room temperature and dependent upon the presence of the dlsulflde was demcna
strated° A photochem:cal polymerlzatlon of the dlsulflde by llght of wave
_length greater than 4,000 2 was sensitigzed by Zn tetraphenylporphln,« Thesevb
results may be taken to indicate that the dissociation energy of theAdisulfide
bond in this compound is somethlng 1ess than 50 Kcals. and that this dlSSOCla-
‘tion may be brought about by energy transfer from some other molecule in a .
sultably excited state. | . o

| That such energy transfers may take place; and espec1ally efflciently in
,condensed systems, has been amply demonstrated.23 R4525,26, 27 Slnce the grana
have the optlcal propertles of e condensed chlorophyll phase 28,29, 30 31
' quantum absorbed anywhere within that phase is very rapldly_tranSferred amongi
the identical molecules-ef that phase‘atnfhe singlet or the triplet]levelso_ .
Goncomitant with this,‘there-occurs a_decrease,in'the probability of emission:.

R35R4425,32

as. fluorescence and hence an increase in-the availability of the !
quantum for chemical transformation (dlsulflde flSSlon) In such.a‘System,
-the high efficiency of energy conversion may be retalned even though the

ratio of chlorophyll tovdlsulflde molecules be large (102-103).
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We are indebted to Mr. Paul Hayes for the determinatlon of these
absorption spectra.
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Caption to Figure

Figure 1 = Absorption spectra of several cl:Lsvﬁi.;t’idessj32
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