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- ON THE MOLECULAR.STRUCTURE 0F BACTERIOCHLO?QPHYLL £
: Kenneth Sauer anc Dea Saumgarten
:‘Departmeﬁt of'Chem1stry and Laboratory of Chémica]:81odynamics,
N University of CanfCrnia; Berkeley,; California 94720

(Received-'

i stract--The molecular stkuttdke‘offbacterioch)orophy]) b, isclated

from Rhodopseudomonas viridis, is proposed on the basis of measurements

¢ ois fnfrared, mass ahd proton macnetic reéonance spectra. The pro-
pesed structure differs from that of'the khowh mo?écu]e, bacterio-
.chIQropHyT] a, in thevabsence\of two hdedgen atoms from éérbon atqms

-4 and C-4' of the substituent of ring II of the porphyrin. Apart from
pbs—sible_Stereochemica] differences, bécteriochlorophy]] b may therefcre
ou:designatedbas}4—de§ethy1-4—ethy1idenebacteriochTorophyi1 a. The -
KAOWH é]éctronic‘speCtréJ‘prbperties and chemical instability of the
c;éteriocthrophyll b pigment are-exp]éihed in terms of the proposed
Struciuré,vand the evqlutionéry-significance of its relationship to.

bacteriochlorophyl] g,is discussed.. =

Aobr;:iations: BCh],‘bacteriOChTorophy]1;‘ChI, chlorophyll;

7 R, wion Leshetic resonance.
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A o ment reselo]1n0 bacter1ocnlorophy11 in its opt1Ca] oroseriies

Cwas obta1red from a. photosyntnetlc bacter1um new]y lsolated by timh3e1‘en,

| gt_aj_} and subsequent]y named Rnocopseudomonas v1r1d1s 16 »Th1s plcment'
~‘LVerthe]ess c]early dlffered from the norma] bacteraoch]oropn/x‘ monecu]e
o in 1ts spectra] and chromatograoh1c propertles and was named bac er10~
| cn]oroohy]] b The plgment is or spec1a1 1nterest because 1ts 1ung wave

'.ength absorpt1on band in v1tro occurs at the 1ovest energy of . any nfO&

th1orophy11 and 1 " 1t is abWe to ut1]1ze ]ow energy pnooors of f0307nm

vvavelength in order to carry out plotosynthe51s eff1c1ent]y

In a pre11m1nary report of the propert1es of bacter1oc1lorophyl b
-:ufd or'1ts ox1dat10n products, Brockmann and K]eber2 proposed»a tenta-
t*ve ctructure wh1ch was’ essent1ax]y an ep1mer of bacter1ocnlorupnyt;,a
at Carbon atom -3 or C- 4 We present ev1dence from PMR-spectroscooy
hh]Ch 1s 1nconsistent w1th that proposed structure and wh1ch togetner
w.tn 1nfrared and mass spectra, Supp orts the»structurev2~desetny1f2-
’ethy‘1denebacter10chlorophy]] a. " The structure proposed'is, theretore,'
uautomemc w1th a ch]orophy]l, rather than w1th oacterlochloroonjll a,
L&l d thls may he]p to account for 1ts ready ox1datjon to a compound

Wi th the ch]or1n spectrum :

© RESULTS

A;sorotion:and Cirtufarvbichroismospectra .

| bsorpt1on spectrum of BCh1 b.in acetone so]ut1on 1s shown
‘fn'Figs'] The wave}engths of the absorpt1on maxxma agree closely
et”‘tn tnose reported by E1mh3e]]en etal. J however the sma]] seak at
'67J nih. nn the1r spectrum (attr1buted to ox1d12ed BCh] b) 1s absent i
our soectrum Absorbance ratios, caxcu1ated re]at1ve to the xCle “OV“' 

" fﬂgt peak at 794 nm are comparrd in Tab]e 1 with two sets o.vva]ues
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~ peak at 943 cm

..3_.

" reported preuious1y.’ animun”vaiues'of the relative absorbances at

680, 582, 530‘and 450 nm are considered to be important criteria of

'purlty

The c1rcu1ar d\chro1sm spectrum measured in ether so]ution showed
no measurab]e peaks e1ther at 794-or at 582 nm. " An upper limit for the
magnltude of ‘the mo]ar c1rcular d1chro1sm is  |ae|<2 pimole e

Infrared Spectrum

" The' 1nfrared spectra of BCh1 a and BChl b in tetrahydrofuran '

'nesemble one,another rather closely. " This is part1cu1ar1y true in the

carbonyl stretching region® (1750-1600 cm™') shown in Fig. 2. On the

basis of tne"positions and relative intensities of the bands observed at

1735, 1685 and'lsssifor’BCh17a and at 1736, 1689 and 1656 cm | for BCh1 b,

we. conc]ude that BCh] b contains two ester carbony]s, a cyclic ketone in

an 1ntact r1ng v and an acetyl subst1tuent probab]y at position C~ 2.

-1

Other major‘features atvlower frequencies't0'675 cm - occur in both

spectra.* The most dlst1nct1ve features of the BCh] b spectrum is a pro-

nounced, sharp.band at 948 cm -1

-1

that corresponds to a re]at1ve]y weaker

in BChl a. The’ 1atter compound exhibits a sharp, rela—

-1

tively Weak component at 753 cm  that is absent in BChl b.

MasS‘Spectrum '

Mass spectra'of naturally-occurring ch]orophy]1s or their pheophy-.

tins are genera]]y not ava11ab1e 1n the 11terature Dougherty et al. 6,

have pub11shed an extens1ve study of a varlety of: porphyr1ns, 1nc]ud1ng

: the methy1 esters of pheophorb1des a and b.

*cOmplete]infrared_Spectrapof'both'BCh]\g,and BCh1 b are given in ref. 5.
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We have obtalned mass spectra at low resolutton of BChl. a, BCh] b
and thelr pheophyt1ns As 1n the case of ch]orophy]] c, the parent peak
1s not observed and the compounds apparent]y readlly Tose the: phyto] T Jh

. ester1fy1ng group as we]l as Mg (where present 1n1t1a11y) The mass |
:,'spectra of BCh] a and BCh1 b ‘resemble one another c]ose]y The peaks
~of 1argest mass occur at m/e 627 625 and 623 (compare;wltth.w. 624 :
.for methyl bacter1opheophorb1de _) : The most 1ntense'péak‘f0r both"cOm-
pounds is m/e 566, represent1ng the loss of C02CH3 T oM. Additiona1' |
| promlnent fragments can ‘be exp1a1ned by - assum1ng the loss of CHSO - 2H
CH, CH COZCH + 4H and CH2CH2C02CH2 + CO2 3 2H General]y 51m11ar
fragmentat1on patterns were reported prev1ous]y for the most c]osely
- ana]ogou5-compounds-7 8' The mass Spectra of the. two bacter1opheophytlns‘
d]d not resemb]e one another so c]ose]y and the fragmentatlon patterns'
proved 1mposs1b]e to 1nterpret 5 ' | |

In the 1ow mass region a]] of ‘the compounds (except BCh1 a) exhibited
“very 1arge peaks at m/e 278 For BCh] a, a 51m11ar ]arge peak occurred
‘at m/e 279 for one samp]e and 274 for another We cannot account for this
d1screpancy, as the high mass reglons were genera]]y s1m11ar for the two
‘ samp]es of BCh] a. The m/e 278 peak is attrlbuted to phytadiene, wh1chrls
qthe characterlst1c c]eavage product. of a phyto] ester 9

, We conc]ude from the mass spectra that BCh] 2 and BCh] b have simi-

: ]ar 1f not Identlcal carbon ske]etons and d]ffer at most by two hydrogen'- : :

atoms BCh] b appears to be ester1f1ed by phyto] : R ' h‘ “_?-

";t-Ehytol Ident1f1cat1on

'Vv1n methano] fo]]owed by heatlng for 20 m1n at 66 C.

Phytol can be removed from ch]orophy]ls by d1sso]ut1on in 2. 5% KOH

10 The phyto] Can be -
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‘and by Dougherty et al.

-5-
recovered by extract1on into ether The tetrahydroporphio ring of BChl b
was ox1d1zed by th1s procedure, and the products other than phytol were

not recovered. _
The procedure of Shimizu, et al.!’

was:usedrfor,the identification
of phyto]" The compound'obteined from BCh1 b cochromatographed with
authent1c phyto] on s111ca gel th1n ]ayer sheets (Eastman Chromagram.
Sheet K301R) in two d]fferent so]vent systems benzene/ethy] ecetate
(19/1) and’ 1sooctane/ethy1 acetate (85/]5). - S

PMR Spectra . - |

The“best'diagnostic method”for'characterizihg individual chloro-

 phylls is high resolution PMR spectrometry;” We have recorded spectra

at 220 MHz of several samp1es of BCh1 b and BCh1 a in dg-acetone and

in d- ch]oroform p]us dg- pyr1d1ne ‘Kat et al. have published numerous

articles on the 1nterpretatlon of the PMR spectra of ch]orophy]]s and.

L2 1nc1ud1ng methy] bacterlopheophorblde a. The PMR

13

related compounds,
spectrum of BCh] a ‘was’ reported and part1a11y assigned by Sauer al.

]4 as was'that of its ox1dat1on product by

L1ndsay Sm1th and Ca]yin.ls BecaUSe of‘the similarities and theisigni-’
ficant differences between the PMR-spectra of BChl & end BChl b, :we

w11] 1nterpret the observations on the latter compound 1n the light of
the ass1gnments for the former |

" For the purposes of PMR spectrometry it was necessary to prepare

'relatlvely 1arge (20 mg) samples of BCh1 b of high purity. Prob]ems

werelencountered because ofvthe great-lnstab111ty of the plgment in

light and in the preSehce of small amOuntsrof oxygenﬁ Early prepaka-

‘tions -gave evidence of'afnumber of variabTe,or otherwise clearly
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__spur1ous peaks; Most of these were e]1m1nated from the f1na1 sazples
to be reported here a]though there was some ev1dence of possible con-
ver510n after severa] days of success1ve measurements and transfer to
dafferent so]vents Doub]e resonance (proton decoupllng) exper1ments '
.‘add essentla] 1nformat1on for the reso]ut1on of the un1que aspects of
'the BCh] b structure | A]though measurements were made at both 6u and -
' 220 MHz the numerlcal data reported here refer on]y to measuremcnts‘
- at the hlgher frequency | _ | - " o o
The PMR spectra of BCh] b in two solvent systems, ds-acetone and
d ch]oroform p]us d5 pyr1d1ne, are shown in Flgs 3 and 4, A compar1son
;w1th the chem1ca1 ‘shifts for BCh] a in d6-acetone, for phyto] “in h
d- ch]oroform and our proposed assignments are 1nc1uded thh the data
-on BCh] b 1n Tab]e 2. A cursory 1nspect1on of the PMR spectra of the
two bacter1ochlorophy1]s 1n d5-acetone shows the presence of substant1a1
qua11tat1ve d1fferences--much greater than were observed 1n the 1narared '
;or_massfspectra.v Initial ana]yses showed that much of th1s dlssamllarlty»
resu]ts from a strong shift to lower f1e]d»of the maJorrphyty]vresonances
"1n BCh] a re]at1ve to BChl b :in this respect BCh] a (a]ong.with its
ox1dat1on product 3,4~ dehydroBCh] als) is the compound that is unusua]
‘as the chem1ca] sh1fts of the phyty] protons in BCh1 b c]ose]y match B

those of Ch1 a, Ch1 b and thelr pheo phytms]2

phyto] 1n d ch]oroform ]6

13,15 and tor

whxch had gone unnot1ced prev1ous]y in th1s ]aboratory
which we f1nd no ready exp]anat1on on the bas1s of the known structural

propert]es of BCh] aa. .Although 1tsv1nvest1gat1on is outslde the scopev..

as we]] as those of pur1f1ed

ThlS is an unexpected and unprecedented feature;

@
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of the present study, lt c]ear]y presents a chal]enge to future 1nvest1gators
in- th1s area. | v _

Beg1nn1ng w1th the Tow f1e1d region, Table 2 and F1gs 3 and 4 indi-
cate the presence of three s1ngle proton peaks in BChl b in the reglon
(8-9 ppm) character1st]c of meth1ne brldge protons. "In this respect
the compound resemb]es'all other-knoun ch1orophy11s-except those frOm‘{
ChiorobtUm,vwhich:have'meso'a]ky1vsUbstituents at the methine bridée '
positions.]7EhOf:the'three;methine'prOton'résonances in BChl b, those
Cat highestvand lowest field are close to resonances of BCH1 a, whereas
the thirdlpeak occurs'in the low field region in Bch] a and in thehhigh
fie]d:region in BCh]_g,' We shall expﬂain'this.in‘terms of a perturbation
of the-ﬁ.electron dtstribution'in'the vicinity of one of the methine protons.

' The'Sing]e proton resonance near’6 ppmhis:readtly’assigned to the
C-10 proton of r1ng V It 1s noteworthy only -in that there is no evi-
-dence in any of our. spectra 1n d6 acetone of a sate]]tte peak that m1ght
resu]t from ep1mer1zat1on at th1s asymmetrlc center however, in d-chloro-
form p]us.ds-pyr1d1ne_a small sate]]1te.peak of about 1/3 the area is -
observed at 0.127 ppm to_higher fie]dt This difference in chemical shift
is'just what one expects for the epimer at C-10.'8

Passing over the regton from 4 to 6 ppm for the moment we flnd
four narrow peaks in the region from 3 to 4 ppm. Each of these inte- -
grates to about three protons, a]though a number of much smaller peaks
are a]so apparent in the spectra By ana]ogy with other. chlorophy]]

ass1gnments,4 we- attr1bute the maJor resonances to “four 1so1ated methy]

groups at pos1t1ons C 11, C-5, C-1 and c-2 (acety])
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The h1gh f1er reglon of BChT b is- dom1nated by the very large -
peaks at 0 85 and 1.30 ppm resuTtlng pr1mar1Ty from the methyT and '
methyTene protons of the phytyT group. “The presence of.these large
'peaks prevents the observat1on of any underTying peaks wh1ch may be
assoc1ated WTth the porphyrtn substltuents The singlet peak (3 protons) S
near T 6 ppm 1s ass1gned to the 1soTated methy] substltuent of the double
bond of phytyT ' The rema1n1ng phytyT protons are expected to occur near
- 2.0 ppm (2 protons tr1pTets) 4. 2 ppm (2 protons doubTets) and 5 1 ppm

(T proton—trtplet), None of these reg1ons is clear of other resonances
(see°beTo§)qand7the ass1gnments cannot be conftrmed For techn1caT
reasons it proved lmp0551b1e to appTy the double resonance approacn to
'verlfy the Tocat1ons of these part1cu1ar protons ‘ Each is expected to
.coupTe to one or more protons within T ppm in its v1c1n1ty A |
» The reg1on between 1.4 and 2.4 ppm contatns four resonances that
appear to be doubTets, in add1tlon to the 51nglet at about 1. 6 ppm
‘; aTready ass1gned to phytyT Carefu] measurements us1ng fler-scaTe—
expanded traces 1nd1cate that each of the sp]1tt1ngs is 6 7 Hz For
' the two doub]ets to higher f1er doub]e resonance exper1ments were
| successfuT 1n detennlnlng the Tocat1on of the resonance of the coup]ed
proton The doubTet at 1. 64 ppm in d5-acetone (T 51 ppm in d- chTorofonn/
‘ d5 pyr1d1ne) 1s coupTed to a- proton 59] Hz (593 Hz) downf1er at 4.33 ppm |
(4 20 ppm) The doubTet at 1.80 ppm (1.84 ppm) is coupTed to a proton - .
74T Hz (737 Hz) downfler at 5.18 ppm (5 19 ppm) Each of these downf1er .
| regtons is expected to be the Tocatlon of resonances of phytyT protons

as we]T (These phytyT protons shoqu coupTe among themseTves rather
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than to anyth1ng in the upf1e1d reglon, however ) The phytyT and

porphyr1n protons in the 5.1 ppm region are best reso]ved in d6-acetone
so]vent, where two d1st1nct broad resonances can be seen In the 4.2-

4. 3 ppm reglon a]] that can be said 1s that the coupl1ng does not appear

to correspond to the»center of the broad resonance and the area corresponds
to nore than'oneaprOton;. For eachﬁof the coupled upfier doublets,

| the'area_corresponds'to about three protons.: katz gt_gl;% have characterized
the coupTinQAof'the'ring'protons and methyl protons at C-8 in a variety

“of chlorins and bacterfoch]orin and at C-3 in bacterioch1orin with chemical
shift diffe‘re_nces of ._'2.4"9]to 2.70 ‘ppm. The-'doublet’at 1.63 ppm in d'6;
acetone, which is coupled to a proton 2.70 ppm downfield,.appears to
satisfy thiS'criterion The doublet at 1 80 ppm is coupled to a proton
3.38 ppm downf1e]d and, therefore fa]]s we]] outs1de the characteristic

range For reasons that w1]1 become c]ear be]ow we a551gn the h1gh field

- doublet to the c-8 methy] subst1tuent and the second doub]et to a feature

a which is unlque to BChl b.

AssUming that the phytyl ester is attaChedvtO‘the.porphyrin ring via
a prop1onate subst1tuent (as in a]] known ch]orophy]]s except cnlorophy]] C,
where - dehydrOprop1onate appears to be 1nvo]ved 9), resonance correspondlng ‘
to four protons is expected at about 2.3 ppm. Th1s shou]d be a comp]ex
region, because two of the protons are sp]1t by two, and the other two
- are sp]1t both by. one and by two protons : The observed mu]tlp]et
'.resonance wh1ch appears to be a doub]et 1n d ch]oroform/d5 pyrldlne,»
has a more complex shape in d6-acetone Th1s so]vent effect wh1ch does}

not occur for the h1gher fleld doub]ets, 1s taken as ev1dence that the



| 1'doub1et at 2 3 ppm in d ch]oroform/d pyr1d1ne is on]y apparent The
| s1ng]e C 8 proton is expected to g1ve a resonance near the c-7 proton
at 4. 3 ppm Searches for coupllng to the c-7* protons by doub]e resonance
were unsuccessfu] however Perhaps th1s was because of the complex' |
‘nature of the upf1e1d component A further comp11catlon‘resu1ts from
f the fact that the resonance at 2. 3 ppm 1ntegrates to about Six protons,
rather thanvthe four expected. This must be consxdered to be one of the
‘-weaker:pofnts'in thé”PMR7assignment ‘ -

| The rema1n1ng "doub]et" at. 1.96 ppm is even 1ess clear- cut It |
appears on]y 1n the d chloroform/d5 pyr1d1ne spectrum, as the peak is
fobscured by the very ]arge peak from res1dual solvent protons in d6—
iacetone In the former so]vent it is not a symmetr1c doub1et and never
appeared to be so we]l reso]ved as the onies 'to hlgher field. Integra-
_t1on is d1ff1cu]t because of a r1s1ng “background“ in th1s region, but
it appears to correspond to four to five protons s noted above, the
vtwo protons (each coupled to two protons) of the methy]ene adJacent to
the . doub]e bond in phytyl is- expected to occur in thlS region. = Searches . N
'for coup11ng w1th downf1e1d protons were unsuccessfu] but the ‘poorly .
o reso]ved band-shape presented prob]ems of recogn1t1oni This featureris
also thought to ref]ect, at ]east in part a un1que e]ement of the BChl b
structure _

Apart from specxfy1ng the features unlque to BCh1 b, thlS comp]etes

_the ass1gnment of the PMR spectrum, 1nc]ud1ng the features preV1ous]y
_by—passed 1n the reg1on from 4 to-6 ppm. The 1atter have been aSSIQHEd

'by means of coup11ng to upf1e1d doub]ets or to phytyl resonances
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.'Nevertheless, we hasten to agree w1th the observant reader who notes
“ that we have so far lgnored three rather promlnent features exhwo1ted
in Flgs 3 and 4 A ]arge resonance, apparent]y trlplet, appears at
1 095 ppm 1n Flg 3. Th1s feature was found to be qu1te varlab]e from
samp]e to samp]e, ‘and in one spectrum 1n d6-acetone it was observed to
be tota]]y absent. In the spectrum of F1g. 4 it is at most an il1- |
defined'shoo]der‘on‘the phytyl peak at 1.3 ppm. The small, but dis-
tinct peak at 7.13vppn;{n dé-acetone:(7.07vppn; mu]tip]et, in d-chloroform/
,ds;pyrfdine)dwas‘absent'in:an earlier preparation and is attributed to
an impurity; The’quitefprominent apparent doublet at 4.5 ppm in
d-chloroform/d54pyridine:is totally absent in the spectra in d64acetone.
It is probably sfgnificant‘that the sample studied in the former so]vent
had“been transferred from’thedlatter; had undergone several days of |
measurement5>and.may'have been partia11y oxidized. On the:other hand,
_ no other new peaks attributable to such decompos1t1on products appeared
: in the downf1e]d region. 1 _
" THE STRUCTURE OF BACTERIOCHLOROPHYLL B

From thevdata presented above one can readily support the proposa1
that BCh]‘b;resembies BChl a in a]] reSpects except features associated
' with ring II  The structural feature that is most consistent with the

available data was. f1rst proposed by A. S Ho]t 20

It proposes the'
presence of an. ethy]1dene subst1tuent at carbon C-4 in p]ace of etny]
The dlfference between BCh1' a and_ BCh] b is therefore a matter of only
two hydrogen atoms, one from C 4 and one from c-4', wh1ch are removed in
BChl_b: vThe ev1dence that supports th1s structure,}shown in Fig. 5,

can be summarized as follows: -
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‘“T) The eTectronlc spectrum is. expected to be altered because the

- C- 4 4! doubTe bond is adJacent to the porphyr1n - eTectron system

| x 2) The proposed structure is tautomerlc thh a chTor1n a simple
sh1ft of-the C—3 hydrogen to the C-4‘ carbon waT convert the moTecuTe _
to 2 desvinyT 2- acetyT chTorophyTT a, wh1ch is green and has a Tong |

]5 ThTS may account for the marked

vwaveTength absorpt1on at 677 nm.

: 1nstab1]1ty‘of BCh1 b_toward chlorin fonnat1on, even when oxygen as
'echUded ft'aTSO’accounts for-the report that BCh1a and BChl b (at
'Teast thelr pheophyt1ns) are converted to the same product upon ox1da-

L2 D . : :
3) The 1nfrared spectrum of the proposed moTecuTe shoqu be |
'v1rtuaTTy 1nd1st1ngu1shab]e from that of BChT a. The ethy]xdene func-
‘t1on is~ expected to contrlbute a weak band near 900 cm ],uand thTS'may
_be the 'source of the dlfferences actuaTTy observed 1n that region.

4) The moTecuTar welghts appear to d1ffer by at most 2 daTtons and,
in generaT the mass spectraT fragmentat1on patterns are. expected to be
-;rather sim1Tar, as observed | :

5) The PMR spectrum eXthTtS a resonance 1nvoTv1ng three protons
‘(at 1. 80 ppm 1n d6-acetone) coupTed to one proton 3 38 ppm dOanTeTG
. The methyT group and the s1ng]e proton substttuted at the C 4 Carbon

::1n the proposed ethy11dene woqu account n1ceTy for the observed peak
'ﬂlareas andgthe coup]ang. Furthermore, the pos1t1on_of the sjngTe.proton
‘downf.ie'l-d at 4.3 ppm"'is consistent with the fact that it is bonded
7d1rectTy to a carbon 1nvoTved in a doubTe bond as WTth ‘the- 51m11ar1y

' pTaced proton of phyty] at 5 18 ppm The absoTute chemlcaT shifts -

cannot be d1rectTy compared however because of the Targe add1txonaT
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contribution from the»borpﬁyrih ring current fv"iveld‘f
Secondaryveffeéts in:the PMR spectrum can also be interpreted
uSing the proboSed structure. The methy] substituent at C-3 is shifted

0.45 ppm doanield from the nearly equiVa]ent C-8 methyl. Botﬁ the
adjacent'ethylidene doub]e’oond‘at C-4 and ring-strain of pyrrole
fing_II introduced by this exo—double bond can be expected to effeet
the PMR ot tHeWC-3'methy1. The‘ting'strain may serve primarily to
shift the C-3'methyi'to'e new poSitioo th the porphyrin ring current
fie]d.' In addition, the 33 methine'protoo may feel the'effect of the
ethyiidene at C-4 position' Tﬁis would account for the faét that one
of the meth1ne protons 1s shifted downfield by 0.5 ppm relat1ve to
that in BCh] a.

The a]ternative structure proposed by Brockmann and K]eber,zwhichv
invo]Ves a simple epimefizatfon at carboh'c-3}of'c-4 and, perhaps, a
: rep]aoementoof'the'C—3'and C-4 pfOtohs‘bybother'SUbStitUents, is°not
consistent with our evidence. In particular, an ethyl group at
C-4 would not account for the threeeproton doublet at 1.8 ppm coupTed'
to a single prOtOn'rathef far downfield. In fact, Inhoffen et al. \

report that the gis;trans-effeét on the PMR spectrum of dihydroocta-

21 -The mass

ethy]porphin-is very small and in the opposite direction.
'spectrum argues aga1nst any replacement of the C- 3 and C-4 hydrogens
w1thout compensat1ng de]et1ons | |

In conclus1on we fee] that the proposed structure, which can be
des1gnated as 4~ desethy] 4-ethy11denebacter10ch10rophy]1 a, satlsfles |

a11.of_the cr1ter1a‘that need-to;be met in order to explain the‘phy51ca1.



properties Apart from the spurtous peaks in the PMR spectra whlch '
we have discussed above, perhaps the prtnc1pa1 d1sconcert1ng observat1on
h is the unusua] 1ocat1on of the PMR resonances attr1butab1e to phyty] in
' dBCh] a. This 1s certa1n1y a baffling observatlon and w111 merxt further
1nvest1gatlon _’. | ' '1~ o

| A]though the structure has been proposed a]most entxre]y on the
bas1s of measurements made on the nat1ve p1gment as 1t is obta1ned by
»d1rect extract1on from the 1ntact bacter1a we hoped to prov1de conf1rma- |
t1on of the structure through contro]]ed chem1ca] mod1f1cat1on C]ear1y,
'reduct1on of ‘the ethy11dene at C 4 wou]d convert the molecu]e to BCh1 a,
: or to a near ana]og if the 51m11ar1y substltuted double bond in- ‘the - |
'phyty] group is a]so reduced we attempted to carry out hydrogenat1on
over pa]]adlum on carbon in d1oxane as so]vent No sh1ft in the e]ec- ,
: tronlc absorpt1on spectral bands ‘Was . observed after 1 hr at 1 atm of
H‘z‘ﬁ
one mole of H2 was taken up per mo]e of Chl- a, and the 1ong wavelength

In a contro] exper1ment us1ng Ch1 a under the same cond1t1ons, near]y

'absorpt1on band sh1fted from 667 to 650 nm. Th1s presumab]y resu]ted
f'from the reduct1on of the v1ny1 substttuent at C- 2 “of Ch1 a. Add1t1on |
of PtO and exposure of the BCh1 b so]ut1on to 3. atm of H2 s1mi1ar1yvcaused
| no observab]e change' Increas1ng the polar1ty of" the so]vent by add1t10n

: of an equal vo]ume of ethano] produced a comp]ete]y a]tered electon1c

' spectrum w1th a long wave]ength absorptlon maximum at 610 nm. The mo]ecu- :
}1ar change accountlng for th1s dramatlc spectra] change was not further
'1nvestlgated, 1t may have 1nvo]ved the open1ng of rlng V 1n the presence d
of ethano] It may in the future be p0551b1e to ftnd cond1t1ons wh1ch
"‘w111 effect the des1red reduct1on 1n a contro]]ed fash1on Unt11 that ,

.ft1me, however, the resu]ts of th1s approach will rema1n 1nconclus1ve
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v CONCLUSIONS
On the bas1s of ev1dence from PMR mass spectra and infrared
Spectra, the 'structure of BCh1 Q.1s_proposed. It is thought to dxffer
from that of BEh]harby-oh]y‘two’protons removed from the C-4 to C-4'
bond. The abso]ute conf1gurat1on of the mo]ecu]e at carbons ¢c-3, C-7,
C-8 and C- 10 is unknown but chromatograph1c 1dent1t1es of ox1dat10n

products of the two bacterloch]orophylls suggests that they are identi-

'cally substituted except perhaps, at C-3.

The c]ose struotura] re]atlonsh1p is sat1sfy1ng from an evo]ut1onary
po1nt of view Assuming that the more w1de1y pro]1ferated organisms
conta1n1ng BCh] a are indicative of an earller evo]utlonary origin, then
a mutation whlch resu]ted-1n dehydrogenataon of the C-4 to Q-4 bond |
would confer an advantage upon the resu]t1ng organ1sm fhe concomi-
tant sh1ft in the near 1nfrared absorpt1on band to ]onger wavelengths
would enab]e the mod1fied organ1sm‘to utlllze'light in a region of the
Spectrum not masked by '"normal" photosynthetic bacteria.. The presence
of such.dehydrOQenation'steps in the*later stages of'chlorophyll synthesis

22 a]though they result in the formation of vinyl substituents

is well known,
(at C-4 and/or C-2) 1n a]] other p1gments whose structures have been
determined. - 'The on1y analogous compounds Wi th exo~-double bond subst1~'

tuents -have been obServed'as prbducts of the photooxidation of proto-

_porphyr1n -1X. 23 It w111 be of 1nterest to learn the b1osynthet1c path-
"way by whlch BCh] b is produced in the bacteria.
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' EXPERIMENTAL

_ Rhodopseudomonas v1r1d1s (NHTC 133 obtalned from Dr G Cohen- 8az1re,

‘Dept of Bacter1o]ogy, Unwvers1ty of Ca11forn1a Berke]ey) was grgwn in .
11 5 11ter bott]es in the med1um descr1bed by E1mh3e11e _j_} Il]um1- - ;
3 nat1on was prov1ded by fluorescent 119hts Ten-day old- cu]tures were e

| harvested by centr1fugat10n and subJected to the fo]]ow1ng procedure,v
carrued out 1n d1m green 11ght and under n1trogen add to the paste

7 parts of acetone and 1 part of water, blend for 3 min, let stand for

_30 mln f11ter through paper, “add 5% more water to fl]trate and f]]ter
through fine s1ntered g]ass., The bacter1och]orophy11 in the extract is
then transferred to 1sooctane washed tw1ce w1th water dr1ed over Na2504,
concentrated to 150 m] and’ chromatographed on a powdered sugar column

When the 1sooctane e]uate becomes co]or]ess, 1nd1cat1ng remova] of most

- of the carotenowds, the bacter1ochlorophy11 is e]uted us1ng 0 5% n- propano]
-1sooctane. The 1ead1ng and tra1]1ng port1ons of the band are discarded,
thefniddle_port1ons washed w1th cold water to remoye the n-propano], and .
the“soltdEWhtch'appears uponistanding isdcoTTeCted}byycentrifugation The
p1gment is stored as the sol1d under 1sooctane in darkness at -20°C unt1]

needed Y1e1d 40 mg BCh1 b from 11 5 11ters of bacterial culture.

BCh] a, obta1ned from Rhodosp1r11]um rubrum was 1so]ated as

'-_,descr1bed prev1ous]y ]3 Phyto] (K & K Laborator1es, Jama1ca N. Y. )
was used w1thout further pur1f1cat1on | '
V1swb1e and near lnfrared absorpt1on spectra were measured us1ng a :
:Cary_Mode]314Rrspectrophotometer, 1nfrared spectra uslng-a Beckman IR-?,E
circu1ar;d1chroism spectra using a Durrum;JASCO J¥20 spectrometer with

‘ 1ong[wavelength extension{imass_spectra using an AEI Model MS12 instrument
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and proton magnet1c resonance spectra usxng a Varian 220 MHz or a
Varian A- 60 1nstrument Chem1ca1 ShlftS were measured re]at1ve to TMS
as . an lnternal-standard Integrat1on of the peak areas was carried out
graphlcally on the PMR absorptlon traces | |
Solvents were reagent or spectral grade dG-Acetone (>99.5 d)
and d5 pyr1d1ne (>98% d) were ‘obtained from Volk (Burbank, Callf ) and
d-chloroform (>99 8% d) from Bio-Rad (Richmond, Calif.).
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: TAELE-I BACTERIOCHLOROPHYLL B ABSORBANCE RATIOS

(So]ut1ons in Acetone)‘

Asgo

A

A

A

A

o ) 582 530 450  "407 368
Reference Mo Proa  Proa  Proa  Proa  Frea Pres
Eimhjellen etal.! P 0.19 031 - 0.315 0.86  0.84
Jensenetal.> 016 0 - - 090 1.04
This study °o 034 0.27 0.036 0.15 0.823 0.94

*Ratios estimated from'the spectrum shown as Fig.

Ratios reEa]chated from vé]ues,based'On the peak at 368 nm.

] of‘the reference.

&
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TABLE 2, PROTON MAGMETIC RESONANCE AT 220 MHz

OF BACTERIOCHLOROPHYLLS A AND B AT 18°C

BChl a

_Chemical Shift, §, ppm_

BChl b

in d -acetone in dg-acetone

‘Behl b

in d-chloroform

plus 15%
ds-pyridine

- Phytol
: in

d-chloroform

a
.
.
10
. (10!)‘epi
Car
Sl
- =0-CH

o \
Phy#y] ;’p"f'

omn
'5 and 1
2
7' and 7"

. Haw
Phytyl a=éf 2

3
..4" .
 Phytyl  =C
8]
Phytyl

4‘"

> ?
4.34 (?)
3.75
(5.39
13.26
2.97
2.40,2.49

?

‘(Aceténe)

(AcetoneA?) 

1.59-(2)

93
1.54

1.08

8.90
. or
18.88

8.4
5.85
5.18

5.08

4.30
4.33
' 3.75

{3.40
.30

3.00

2.30

(Acetone) |

N
- 1.80
- 1.56

T.64

o he
. |0.84

(9.07
.or
8.89

8.26
6.20

 "’(6.08)

'5.19
5.24 -

4.20
- 4.20
3.85
.54
3.5
3.16

 2.28,2.31

? N

1.84
1.65

1.51

.30
0.88

5.45

2.03

1.68

1.22
10.92,0.82

1.96
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FIGURE CAPTIONS
fFfd._f.' ABSokbtféﬁ §§ectrum‘df-béctekidéh1ok6phy]1 b in acetone solution

© from 330 to 870 nm; path length 1 cm. R

&

| kid' 2. -ihfﬁéréasﬁbéétrumfof béctéridchlbrophy]1s g.ahdhh;iﬁ'tetra4
- _‘h)A'dY'.OVﬂIJTan solution from 1600 to ']750 cm-]'.'
Fig- 3?.'Pf°t0n'magnetic resonance ‘spectrum of bacteriochlorophyll b in

_ds-acetohé at 220 MHz and 18°C.

» Fig.idQ 'Pkdtoh maghefic résonance spectrum of bactekioghTorbphy]] b in
~ d-chloroform + d -pyridine (~15%) at 220 MHz and 18°C.

Fig. 5$. Prpposéd molecular structure of bacteriochlorophyll b.
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- ,CHgz
| C-»-"-*-C/" I
P [~CHCHg=CH CH-] ~CH3

CH3
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Fig. § :
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responsibility for the accuracy, completeness or usefulness of any
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that its use would not infringe privately owned rights.
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