
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Dissociation and Reconstitution Studies by High Performance Liquid
Chromatography of the Light Harvesting Complex of Rhodospirillum
Vrubrum
G. Bergera; S. Andrianambinintsoaa; J. Kleoa; S. Grisona; D. Dejonghea; J. Bretona

a Département de Biologie Cellulaire et Moléculaire, Section de Bioénergétique, Gif-sur-Yvette Cedex,
France

To cite this Article Berger, G. , Andrianambinintsoa, S. , Kleo, J. , Grison, S. , Dejonghe, D. and Breton, J.(1992)
'Dissociation and Reconstitution Studies by High Performance Liquid Chromatography of the Light Harvesting Complex
of Rhodospirillum Vrubrum', Journal of Liquid Chromatography & Related Technologies, 15: 4, 585 — 602
To link to this Article: DOI: 10.1080/10826079208018818
URL: http://dx.doi.org/10.1080/10826079208018818

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826079208018818
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMA?W3RAPHY, 15(4), 58M(n (1992) 

DISSOCIATION AND 
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386 BEROER ET AL. 

molecules of phospholipids (2.3). The near infrared absorption maximum (BChl a Qy) is at 881 nm. or 

873 nm when the carotenoid is removed or is absent, as in the case of the 0 9 mutant. Using 

detergent (n octyl ED glucopyranoslde. OGP). Parkes-Loach et al. (4.5) and Ghosh et al. (6). have 

dissociated BChl a from the protein and have reassociated it. statting from the dissociated mixture or 

from separated polypeptides and BChl a Absorbance and circular dichroism spectra in the visible- 

near infrared were consistent with a reassociation process. The experimental conditions. such as 
OGP concentration. depended on the concentration of chromatophores and on the state of the 

preparation (7). In order to determine the shrctural features of BChl a required for binding to the l ih t  

twvesting proteins, Parkes-Loach and al. (5) have tested several BChl a analogues. among which 

only BChl a esterified with different alcohols and BChl b led to successful reconstitutions. 

We have followed an analogow approech. but with another method of dissociation (treatment 

with dimethyl sulfoxide. DMSO) and by using high performance liquid chromatography (HPLC) as a 

criterion of reassociation. 

MATERIALS AND METHODS 

Preparation of LH complex 

wild type, strain S1. was grown in rnodiied Hutner's medium (E), cells were 

harvested. centrifuged. resuspended in 50 mM Tris pH8 with DNAse and disrupted in a French press. 

The chromatophores were separated from the cell debris and from unbroken whole cells by 

centrifugation. LH complex was prepared according to a modfiation of Picorel's method (3) : 
chromatophores (0.D 881 nm = 40) were Incubated one hour at 4'C with 0.5 % laulyl dimethyl amine 

N oxide (LDAO) and centrifuged during one hour at 45,OOO RPM. The supernatant containing 

ieaction centers was discarded and the pellet. resuspended in Tris 50 mM pH 8 (O.D. 881 nm = 25). 

was incubated 15 min. at room temperature with 0.3 % LDAO and centrifuged in the same 
conditions. The supernatant contained mastly pure LH complex. 

DI.soclatlon and reconetltutlon 

Dissociation of LH complex was performed at different temperatures. from 20'C to 40% in 

.rris 0.02 M pH 8. LDAO 0.3 %. DMSO 20 to 30 %. DMSO is a mild dissociating agent which allows 

rmymatic activities to proceed. with concentrations as high as 40 %. as in the case of ATPase (9). It 

lias no absorption band between 1 OOO and 260 nm. Dissociation of LHC was fdbwed by change in 

I he absorption spectrum. 

Reconstitution was carried out by adding concentrated BChl a or analogue in DMSO (about 

5 fdd excess with respect to the initial BChl a content of the LH complex). The solutions were kept at 

4% during one hour. then diluted 10 times with NaCl1 M. Trls 0.02 M pH 8 and absorption spectra 

were recorded after one hour at 4'C. Separation of the reconstituted LH complexes from BChl a in 

excess was performed by gel filtration HPLC on TSK G 2OOO SW (2 columns 0.75 x 30 cm) or on TSK 
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54000SW(2cdumns0.75~30 cm)~Tr isO.OZ M pH 8. NaCl1 M. cholare (1 to 5 %) as eluent. 

at the rated 0.7to 1 mUmin. The IWLC apparatus was a Waters liquid chromatograph (M 510 pump, 

U,# injector, M E  dsWtor). opicaldensity was monitored at 28Oand 580 nm. 

Pr.p.ntlon of BChl a and Bm b analogues (10) 

BChl a esteriRed with gerenyl geranyl alcohol (BChl a SS, and BChl a estfnifid with phytol 

(BChl a were erdreded respedively from G9 and from Rhodabacter 
spbwfd&R26. hy Stifring CeRS with methand (3 times). A preprrifhtbn step was pmfomwd on 
C18Sep Pak cartridges (VVatm). Thewetercontenl of the mthanoik sdution was to 30 %. 

in these conditkns. BChl a was bed on the resin. The camidge was washed with this S0)vent in 

order to eliminate polar hpwities. then BChl a was eluted by a minimum d pure ahanol. The 

purilicatkn was achleved by HPLC on PartlsilIO ODs 2 column (2 cm x 50 cm. Whatman). with 

ethanol 95 %-water 5 %as ekrent BChl b was extracted from ' ' wtha 

similar procedure : the water content d the methanolic solution was brought to 20 % for fbation on 
ClSSep Pak cartridges and the eluent used in the purification step was ethanol 98 % -water 2 %. 

Chkrophylis a and b were tadrected from spinach leaves by grinding in a Waring Mendor with 

mathanol. and the sdutkn was treated as above. Pyro derivatives were obtained by heating the 

pigment dissohred in pyrWn soiutbm in an evacuated sealed vial for 15 h at 100OC. The solution was 

then eveporated under vacuum and pulfication was carried cut as forthe mmng chlorophyll. 

1 9  hydmxy BChl a ge was prepamd by action of light (100 watts), air and UCI (10 mglml) for 2 

hourson BChl a in SdUEkn inethand. at room temperature. The extent d reaction progress was 

monitored by ana!ytW HPLC (u ClBfmm Waters. ethanol 85 %water 15 % as eluent). 
The axldatkn product was then separated from residual BChl a and other impurities. on preparative 
coknrn (eulmol B1 % -waters %). 3 (a hydrowy ethyl) BCM a 88 was obtahled hy adion ot 
potapskm bwohydride : 0.4 ml d 10 % KBH4 in 0.1 M Tris butfer pH 8for2 mi BChl a in ethanol. The 

readion was fdbwed by amtytkA chromatography and the puriRcation was canled out as for the 

19OHBChla 

The identiRcation ofthe chbrophvlls and of their derivatives used here was performed by 

W-visible ebsorpkn and. In soma cases. infrared and NMR spectroscopy. UV and visible 

abswptbn spectra were marcled on a Shimadzu W 180 A spectrophotometer. The percentage of 

tetmpydk impurities was meawxBd hy adytkai HPLC on a p Bondapak C18 column (0.4 cm x 

30 cm) (VV8tefs). with dMerent ethand-water mixtures as SOhrenL 
The pisments from reconswuted LH complexes were extracted by shaking 1 volume of 

aethyl ether with 1 volumed SoluHOn to which asmall quenmY d ethanol was added.Theextraction 

was mpeated three times. In the case d BChl b. traces d dUhidhreitd were added to avoid 

cmidation. Water was removed from the organk phase by calcium chloride. Then the solvent was 

evaporated ty a stream d nRrogen and the piaments were regolubilued in ethanol. for later HPLC 

+. on a p Bondepak C18 column. with ethand-water mbWm as solvent (0 to 15 % H+) 
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BERGER ET AL 

1 I I I I ? I  1 

880 nm 

Ji!l 

WAVELENGTH , nm 

Fig. 1) Dissociation and reconstitution of LHC followed by absorption spectroscopy 
a) natiie LHC 
b) after 20 % DMSO treatment, 4 minutes at 40°C 
c) after addition of excess BChl ass and dilution with 1 M Tris 20 mM pH 8.4"C 

RESULTS 

Dluoclstlon and reconstltutlon wkh BChl a gg 

The BChl a dimer of LHC d S1 absorbs at 880 nm (Fig. la). A 

shoulder around 780 nm is obsenred. due to the presence of monomeric BChl a estimated to 5- 

10 % of the total BChl a and depending on the preparation and on the conditions of storage. In the 

presence of DMSO. the 880 nm band deueases with time and is replaced by the 775 nm band of 

monomeric BChl a (Fig. 1 b). There is an isobestic point at 800 nm. and no intermediary band a! 820 

nm, as observed by Parkes-Loach el al. (4) with OGP. The rate of dissociation increases with 
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LHC OF RHOIWSPIRILLUM RUBRUM 589 

loo 5m A W ’ ” a 0  500 A a0 
WAVELENGTH. nm 

\Peak 2 

ELUTION TIME , min 

Fig. 2) Chromatography d reconswIlted LHC wRh excess BChla 
conditions : m K G  2ooo SW coknms (0 .75~30 cm). & : NaCl 1 M. TrlS20 mM pH 8. 
cholate2%.Ins~rt:absorptbnspectra 

temperatwe and concentratkn d DMSO. As an example. dissociation with 20 % DMSO was 95% 

complete in 4 minutes at 40%. wherw the same result was obtained after one hour at 20’C. 

Reconstitution Was acMeved by &ding excess BChl a (5 times the content of chlorophyll of 

the LHC). Otorlng the sample one how st 4% end diluting I 10 times with NaCl 1M Tris 0.02 M pH 8. 

It was followed by changes in the abswption spectrum and measured by the amplitude ofthe near 
infrared band. at 873 nm. The ratio behneen the amplitude d the 873 nm band d the reconstituted 

BChl a dm (Rig. lc) and thatdthe775 nm band dthe dissociated molxwneric BChl a is2.0 f 

0.15.Thisvalueb dosetothetforrnd by ChWQ et al. (11) when dissociation and reconsti in were 
pmfomedwRh OGP (2.16). R m  by our method is then as effective as by the detwgent 

method. However. this ratio b Smayer than the 880 nm to 775 nm ratio obsenred during the 

of S1. while they are absent in rewnmut . ed complexes or in the 

No 873 nm peak was visible with BChl a alone, at the same concentration. treated in the 

same conditions. Aggregation occured sometimas at higher ’ resultinginabroad 

peak around 850 nm. 

The recorwmuted LHCwas seperatedfromthe excess d BChl a lq gdRlbation HPLC in the 
presence d 2 % cholabe. The eM&n pmMe shows two peaks (Fi. 2). The high molecular weight 

dissociatkn (285). The discrepancy ismOStpmbaMv due tothe presenceofcarotenoids in the LHC 

QQ mutant. which absc&s at 873 nm. 
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590 BEROW ET AL. 

in 5oa no MO 
WAVELENGTH, nm 

ELUTION TIME, min 

Fig. 3) Chromatcgraphy of free BChl a 
Same conditions as Fig. 2. Insew: absorption spectrum 

fraction peak 1) exhibits a maor absorption band at 873 nm and a smaller one at 780 nm (Fig 2 

insert) while peak 2 contains essentially free BChl a. 
No free BChi a was eluted at the retention volume of peak 1 in these chromatographic 

conditions (Fig 3). Consequently. the minor 780 nm band in peak 1 (Fig. 2) corresponds to LHC 

bound BChl a in the monomeric form. The percentage of this forin depended on different factors : 

percentage of chdate, flow rate of eluent, size of the pores of the particles of the gel. After correction 

for the 780 nm absorption of LHC puriRed by HPLC. it was estimatql to about 30 % of the total BChi 

a of the reconstituted LHC and could hardly be reduced. As reconstiiution was more than 90 % 

quantitative before chromatography, on the basis of the dimer absorption and extinction coefficient 

value of Chang 64 al. (11). one must admit that the monomeric BChl a bound to LHC corresponds to 

monomerisation of about 30 % of the dimer during chromatography. The diss4ciation proceeds also 

after chromatography. at a rate depending on the temperature and the percentage of cholate. 

Under the same chromatographic conditions. untreated LHC did not show such a 

monometisation phenomenon. The 780 nm absorption of chromatographed LHC was comparatively 

less imponant than that of DMSO treated and reconstituted LHC : it is thus very likely that the 

carotenoid whch shirts the abso@m to 880 nm contributes to the stability of the BChl a dimer. ll no 

excess BChi a was added after dissociation of LHC by DMSO. the extent d reconstitution with the 

BChl a of LHC only. by using this procedure. was very low (< 10 %). PheophVtinization d dissociated 
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WAVELENGTH, nm 
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59 2 BERGER ET AL.. 

I I I I  I 

2 C 6 8 1 0  
ELUTION TIME, min 

Fig. 5) Chromatography of BChl a extracted from reconstituted LHC with BChl a p(fromEb 

Conditions : p Bondapak C18 column (0.4 x 30 cm). eluent : ethanol with 10 % H20.1 mumin 
a) : BChl a gg b) : BChl a p’ c) : ethyl ether extract, detection 775 nm 

ENGTH , nm 

Fig. 6) Absorption spectrum of reconstituted LHC with excess BChl b 
Conditions : 2 TSK 0 4OOO SW Columns (0.75 x 30 cm). eluent : NaCl1 M. Tris 20 mM pH 8. 
cMate 5 % 
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ELUTION TIME, min 
3 

FI. 7) Chromatography d ddorophylls extracted from reconstituted LHC with BChl b 
Same conditions as Fa. 5 
a) : BChl b. b) : ethyl ether extract. detection 799 nm 

300 500 m0 9W 
WAVELENGTH, nm 

FIQ. 8) Absorptkn spectnwn d reconsthrted LHC with excess 1 9  OH BChl a 
cond%kns : 2 TSK 0 2OOOSW Columns (0.75~ 30 cm). eluent : NaCl 1 M. Tris20 mM pH 8. 
cholate5% 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



594 BEROER ETAL. 

I I I I I 

I I I 
0 2 4 6 8 1 0  

ELUTION TIME, min 

Fig. 9) Chromatography of chbrophylls emacted from reconstituted LHC with 1 k H  BChl a 
Concikps : /.I Bondapak C18 column (0.4 x 30 cm). eluent : ethanol with 15 % H20. f%d/rnin 
a) : 1 OH BChl a g~ b) : ethyl ether axlract. detection 775 nm 

Fig.10) Absorption spectrum d reconstituted LHC with excess pyro BChl a gg 
same condiions as Fig. 8 

m a 
300 sm 700 900 

WAI IELENGTH, nm 
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I 1 I I  I 

I 

ELUTION TIME, min 

FQ.11) Chromatography d chlomphylfs extracted from reconstituted LHC with pyro BChl a 
sameconditknsas5.5 
a) : pYr0 BChl a b) : ethyl ether extract, detection 775 nm 

Hawever. beside the ronomeric pisment absorption peak. PraCticaNy no &shifted peak was 

visiblewhen -was pmbrmedwith lghydroxy BChl a (Flg. 8) and only a minor broad 

one with pyro Bchl a (Fig. la). Nevcwtheless. these piaments are bound to LHC proteins. as the free 

pigmemeluted much laterintheconditiansdchmmatography used here. 

3 ( a m  ethyl) BChlawseemstohavenoamnityforLHC prUeinsandcould not be 

Chl a (Fie 12 and 13) and CM b (Fig 14and 15) can be massmat ' ed to LHC with the 

techniquedescribedhere.withwtshiftdthekmaxlmumdabsorptkn. 

Table I shows the dMerent chbrophyll analogues to BChl a ratios found in the high 

mkcu&rwe$ht fraction. when reconsthrtbn was performed with a live fold excess of pigments. 

andgkw an estimate dthe relative #linities dthe plsmentsforthe LHC ptdfS. 

detectedhthehlghlllokawweigMfractbn. 

In order to determine whetherthe Merentchkrophylls compete with BChl a egforthe same 

skes. the extent d rearrsocietionobtained with afiuefdd excessd BCM a wwas compared tothat 

obtr*ledwith. In addltkn. the same access d anakgue. As can be seen in tam 2 BChl a ,,from 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



596 BERGER AL. 

873 nm 

671 nm 

300 500 700 900 
WAVELENGTH, nm 

Fig.12) Absorption spectrum of reconstituted LHC with excess Chi a 
Same conditions as Fig. 2 

r i  I I I I I .  I 

ELUTION TIME ,min 

Fig.13) Chromatography of chlorophylls extracted from reconstituted LHC with Chl a 
Same conditions as Fig. 5 
a) : Chl a b) : ethyl ether extract, detection 665 nm. c) : ethyl ether extract. detection 775 nm 
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075, nm 

652, nm 

300 500 700 900 
WAVELENGTH .nm 

F$.i4) Abso@on spectn#n d reconstituted LHC with excess Chl b 
same condifions as F$. 2 

Rg.15) -dchkrophyl$ cmctrected from recoRoHMBd IHC with Chl b 
samecondltknsasFig.5 
a) Chl b. b) :ethyl ether emact. detection 650 nm. c) : ethyl ether emact. deteCtion775nm 
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598 BERGER ET AL 

TABLE 1 

Chlorophyll analogue to residual Bchl a gg ratios in the high moleculer weight reconstitutfid complex. 

when reconstitution was pe&wmed with a five fold excess of chlorophyll analogue 

BChl age BChl ass BChl asg I 
8.5 2.4 1.4 

1 
BChl agg BChl agg + 1 

TABLE 2 

BChl agg BChl ass 
I 

0.1 3 0 

Competitive binding experiments with five fold excess of BChla gg and five fold excess of chlorophyll 

analogue 

Relative 

of the 873 
nm band 

BChl agg BChl agg -I= 
873/780 4 21 0.79 
b3nds rati 

Chlorophy 
analoaue/ 
BChl a gi 
ratio 

1 1.02 

BChl ap BChl agg BChl b 

0.98 0.88 - 

0.58 0.4 0.12 

Chl a Chl b 

0.05 0.05 
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LHC OF RHODOSPIlULLUM RUBRUM 599 

R28 competes with BChl a but is less fitted to WC proteinshorn 
: the d o  of the bbnec to monomeric bands in the high molecldar weight 

frectkn is WnalerwRh BCM a than with BChl a BB' The ratio d BChl a to BCM a in that 
tadkn meeBuBd by RP HPLC is less than 1 (0.5B) when -was penormed with equal 

-dthetwtypes d BCH a TIW  me were obtained with 132 OH BCM a BB, 
but with asmaler amnlty for LHC ~EWIS. In each case. the derivabhras are bound tothe proteins. at 
the 8am8 ste as normal BChl a gg since they decrease the near infrared absorptkn peak of the 

dm when set in oompetitkn. This is not due to aggregation, since no free CMomPhyll derivatives 

wereeMed at the retentkn vdume of LHC In the conditions used forchromatography. 

pVr0 BChl a BB Mnds e i l i d d y  to LHC proteins, with an affinity comparable to that of 

M a g g .  However. the 873 to 780 rm bands ratio is s$rrificantky lower, indicatiq that 

BChla replaced BChl am at its site bul does not fwm a dimec. This will be discussed later. 

On the other hand, CM a and Chl b did not modii signWantly the recombination of 

BChlaggwhen thwy were in competltidn with It, as shown by the 873 nm band ampmude and the 

ratio dthe 873 tothe780nm bandsdtheseparated high molecular weight fredions. The extent of 

binding of thesetwo chlorophyk is dativeby low, which cwld explain the lack ofcompetkm. 

DISCUSSION 

Dilferent chlomphyll anebgues such a pyro BChl a BChl a 132 OH BChl a P 
BChl b. Chl a Chl bare able to replace BChl a in the order 

of decmsbg MniIy. They are Meatvdy bound to proteins since no aggregated hm cMorophyli 

derivatkeekrates atthe rvmtion volume d LHC in these condmns and they appear to compete for 

thesame po@epW slte as Bchl a W  Homtver, they do not give rise in every caseto near infrared 

(12-18) to p i g m e n t - ~ n l r  caresponding to a demaseof energy. It has been 

shorn, to occur at 8S3 nm with BChl a abne. in -Triton X 100 mbdures and we 

haveo#ahedamsdmumatE43m l n v e r m i x t u r m  -3). 
The pasitbning of Bchl a m  mdeades is achieved by- polVpeptides 

so 88 to ellow maximum dimerformatkn : in Bchl a gg reconstRuted LHC. separated HPLC, about 

70 % dthe bacteriochkmphyn is in the dhrer form (based on the ratio d the 873 to 780 nm bands). 

However. when BChl a replaces Bchl agg in LHC. the new interadbns 

betweenpiOmenEBandpolypeplidesdonotpermitsuchdosesPsodatknbetweentwmdearlesd 

BChl a :the percentsoe d dkmkad mdeaJer is lcmer and the barnd mo(eadeg which are 
amderrlly dbtant trwn the othsrs. behave as llwmnws and absarb at 780 nm. There is no 
htermedrtewsvelength behnreen 780 end 873 nm. 88 In the detergent system (4). so that it seems 

ttlatdhwkaon is.hUlesecanditkns.anelornonephenomenon. 
is at 922 nm in water- 

tamamide (16) and at SS2 nm in water-bpmpaml mbdures (table 3). This large shft shows that 

in WC from 

absorptkn peak me bathacr*amic shm oltheoy tranmon has been atbibuted by scherz 6t al. 

The near Hrared band of egoregated form ol pyro Bchl a 
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600 BERC3E.R ET AL. 

TABLE 3 

Maximum wavelength of the Qy trensition for several chlorophylls and derivatives in formamide-water 

mixtures (M. 12,16), isopropanol and isopropenol-water-mixtures. 

3/1 TXl 00 mixture 

aggregation of pyro BChl a gg is accompanied by a decrease of free enthalpy. However. 

reconstitution of LHC with pyro BChl a gg gives a small and relatively broad band. between 878 and 

882 nm. Moreover. the ratio of dimer to monomer bands shows that pyro BChl a gg is less fitted than 

BChl a . Interactions of 

pyro BChl a gg with polypeptides prevent dimerization of the pigment. probably by maintaining the 

two molecules of the pair at a distance or an orientation such that association is partly hindered. 

1 3  OH BChl a gg gives aggregates absorbing at 838 nm in water-formamide (16) and at 

806 nm in water isopropanol (table 3). The shift is smaller than for BChl a gg in the same conditions. 

which indicates that the decrease of the free enthalpy by formation of the dimer is also smaller and 

that the dimerization is less probable. The same phenomenon occurs with Chl a and Chl b : 

aggregation in isopropanol-water mixtures induces a displacement of the Qy band of 6 and 8 nm. 

which explains the lack of shii and of formation of dimer after binding to LHC proteins. 

On the other hand. the shii obsewed upon aggregation of BChl b in formamide-water or 

isopropanol water (respectively 79 and 65 nm) is comparable to that of BChl a gg (77 and 67 nm) 

(table 3). As we observe approximately the same s h i  for BChl b reinserted in LHC from 

(82 to 92 nm) and for BChl a gg (97 nm), we surmise that BChl b is organized 

in the same geometry as BChl a 88 in the complex although its affinity of binding is smaller (table 2). 

Therefore. two phenomena seem to occur in the reconstitution of LHC with pigments : first. 

the binding d the pigment. measured by the ratio of the pigment to BChl a gg. when the two 

. .  
for dimerizatiin when set in competition in LHC of 
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molecules am In competition. Second. the dimerization d the pigment. which depends not only on 

the energy dthe n- n krteactbns (evaduated by theshllt dthe abso@m band upon aggregation 

in formamide or isopropanocwaaK rnkhrres). but also ~1 polyp#&-plgmant interactions which at 
least pmnit an apprm*nately favwrable positioning d the p$ments for dimerization . Futther 

expwh-3 are rmeded. espedally with LHC horn and 
-to test these hypotheses. 

Ac- 

for encouraging and stimulating d$cussians. 

We wish toulank B. Foumal for careful typing d the mBM)8cnp. . and M E. Nabedryk 
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