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Ahtract-- The B race of the gran alga Boayococcus btounii is characterized by the production of large amounts of 
botry-es, i.e. triterpenoid hydrocarbons of general formula C,H1, _ ,& n = 3&37. The axcnic strain usal in this 
work produces botryococctoes ranging from C,,, to CH when fast growth is promoted by air-lift. Sequential extraction 
of hydrocarbons with solvents showal that botryococene accumulate in two distinct sites: externally in the suazssivc 
outer walls forming a dtosc matrix and internally, probably in cyctoplasmic inclusions. Moreover. chase experiments 
after feeding the algae with sodium [ 1,2-‘*C]cmtate, and fading experiments with t.-[Me-“C]mcthioninc established 
the existence of an excretory proozss from the ells towards the matrix. The results of the radio GC analyses of the 
botry-es synthcxizcd during the feeding experiments provided good evidence to show that the CJO 
botryococccnc is the precursor ofall tbe higher hydrocarbons, and that eech intermediate botryococcmc C,,-C,, Ls the 
precursor of its next highest homologuc. L-Mcthioninc acts as the methyl donor in the methylation process, leading 
from the C,, precursor to the botryocoazne family. The “C NMR spectra of the botry- produced when the 
algae were fed with L-[Me-“C’Jmethionine indicate that the mcthylation takes plea on the CJO backbone In positions 
3,7, 16 and 20. 

I!VTRODUCTIOW 

It is now well established that the hydrocarbon-rich alga, 
Borryococcus braunii, is divisibk into IWO hydrocarbon- 
distinct races [I]. Algae of the A race produce odd- 
numbered n-alkadiena and tricncs from Cz, to C,, , while 
those of the B raa yield bran&d polyunsaturated 
hydrocarbons of general formula C.H,._ 1o, n = -37. 
tcnncd botryococcencs. The studies reported up to now 
show some analogies bctwan the two raas. Their 
ultrastructurcsare rather similar and attempts tocorrelate 
organization with hydrocarbon type have failed [2]. In 
both races, hydrocarbons are synthesized during active 
growth [l, 33. The major part of the hydrocarbons 
(9@9S%) is extracted quickly with non-polar solvents 
[I, 3,43; additional amounts are obtained from extraction 
with more polar solvents. This sequential extraction 
suggested the existence of IWO hydrocarbon pools which 
was confirmed for alkadkm producing-algae using a 
Ramao microprobe [S]. A pulse chase experiment with 
radiolabclkd precursors established that there was a 
distinct biosynthetic site for each hydrocarbon pool and 
ruled out the possibility of migrations from one pool to 
the other [6]. 

By contrast, preliminary experiments on botryocoazne 
biosynthesis provided some support for the idea of an 
excretory phenomenon in algae of the B race [7]. II was 
also suggested that botryococcencs C,,-C,, are formed 
- 

*Author to whom corrapoodem should be &truscd. 

by mcthylation from lower homologucs of similar struc- 
ture 17.81. In this rcspazt the C,,, botryocoaenc, prob- 
ably synthesized by a 1’ 3 condensation of two CI, units 
[9]. should act as the precursor of all the higher 
mctabolites. 

The present study was undcrtakcn with an axenic strain 
of the B raa isolated from algae sampkd in Martinique 
[I], in an attempt to corroborate these assumptions. To 
this end, the relationship bctwan cx~tmal and internal 
pools was examined by means of chase experiments after 
fading with sodium [ 1,2-‘T]acetatt. In addition L-[Me- 
“Cl and L-[ Me-“C]methionines were fed to the cultures 
and the hydrocarbons analysed by radio GC and 
“C NMR. 

RESULTS ASD DIXUSSION 

Localization and analysis ofbofry~occenesjrom an axentc 
B struin 

An axenic strain of the B race was isolated from the 
previously described MLM2 strain originating from 
Martinique [ 11. It was established from a single colony, 
aad thedaughter subcultures were grown for the first time 
under standard conditions (shaken and unaeratai. see 
Experimental). No antibiotic or chemical treatment was 
applied, in or&r to avoid possible imversibk pertur- 
bation of hydrocarbon biosynthesis. 

After a culture period of 2 months, the algae were 
harvested, dried and submitted to suaver& extractions 
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with solvents of increasing polarity. The hcxane extract 
contained most of the botrymw 

By comparison with standard cutturc conditions, air- 
(32 % dry wt), while 

an additional amount (2 “/, dry wt) was obtained from the 
lift culture conditions affected the composition of the 

chloroform-methanol extract. The acetone extract of 
botryococcenc mixtures both of the external pool 

intcrmcdiatc polarity contained only traces of hydro- 
(Table lb as previously noticed for other B strains [I], 

carbons. By contrast with race A, WC could not identify 
and of the internal one, i.e. CJ4 botryocoaxnes decreased 

oily cytoplasmic inclusions as hydrocarbons by means of a 
in favour of lower hydrocarbons cspeciaUy those in the 

Raman microprobe due to the presence of carorenoids, 
internal pool; two hydrootrbons CJ2 (RR, 0.859)and C,, 

the brands of which would mask the low intensity ones of 
(RR, 0.X8), not produced. Moreover, a somewhat dif- 

any botryocoaxncs present in these inclusions [S]. 
ferent distribution was thcnobsctvcd between the pools: 4 

Ncverthekss, the results of the sequential extraction point 
was still preponderant in the txtcmai pool while I and 2 

10 the existence of an exttrnal pool cxtractabk with 
p~orni~t~ in the internal one. fn okier cultures, the 

mixtures tended to 
hcxane and of an internal poo) only accessibk with 

internal and external botryocoame 

chlorofo~~t~nol, as recently proposed by Wolf et ot. 
the same composition, which was rather similar to that 
observed under the standard conditions. The accumu- 

[ 101 for another strain of the B race. Thealmost complete 
absence of botryococancs in the acetone extract cor- 

lation of the CJ, hydrocarbon 1 in the cells was attributed 

roborates this hypothesis. 
to a greater cf%&ncy of its biosynthesis relative to the 
alkylation process in the COz enriched culture. 

GC/MS analyses were performed on the purified 
hydrocarbons from the axenic strain grown under two 
sets or conditions: standard and batch air-lift, this latter 
technique b~n~nga~ut an increase in growth during the 
exponential phase [ 1). From these different cultures nine 
botryocoazncs, CJO-C,.. and squakne (less than 1% of 
the hydrocarbon fraction) were identified (Table 1 and 
Scheme 1). 

Feeding experiments with radi&&elled precursors 

For the standard cultures, a similar dist~bution of 
botryococcencs was observed in the external pool and in 
the internal one. In both pools the CJ4 botryocwne. 4, 
predominated. In these conditions only very small varia- 
tions in the relative abundance of these hydrocarbons 
occured with culture duration. 

Chase experiments were performed in order to in- 
vestigate the possibk relationship between the two hydro- 
carbon pools and to examine the role of the CJO hydro- 
carbon I as a precursor of the higher homologues. After 
feeding with sodium [ 1.2-“C)aatate over a 2 day period 
the algae were transfirad into fresh ‘cold’ medium and 
growth allowed to continue for different periods of time, 
The radioactivities of the botryococcenc pools at the end 
of the experiments were corrected for the present of “C- 
Lb&d squakne the radioactivity content of which was 
evaluated from the areas of the radio GC peaks (Table 2). 

S&me 1. Structures of tmfy~ l-5. 
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Tabk 1. GC-MS lnrlyxcs of botryocara# from thr B axcnic &II cultivated u&r dilTereo~ 
an&nun 

- 

!SUndud alhuret Air lift allture: 
--.- - -- 

U 2. 10 RR, Exlemal lntcnml Extemal Illlcnml 

(n) (4rukae - 1) Compouob* pool pool pool pool 

30 
31 
32 
32 
32 
33 
34 
34 
34 
n.1. 
‘/. Dry wt 

0.760 
0.710 

0.859 
0.870 
0.882 
0.873 
0.768 
0.814 
0.847 

I 
1 

3.3 
3 

4.9 
4.3 

4 66.5 
5 16.7 

4.3 
32 

18.1 38.7 
10.4 24.6 

3.5 
7.9 7.7 
42 3.1 

4.4 10.8 6.6 
4.4 

66.4 35.8 14.7 
16.8 8.8 1.5 
4.5 4.0 3.1 
2 37 3 

l Compouodx 1-s IUH pmviouxly ban chxr&Xclizcd [ 133. 
tTwo-month-old culture. 
:scvcllday-ou CullUnz 
n.1: Compounds not iden- due IO poor resolution of GC pepL;s 

Tabk 2. Varixtion in botryaxxxeae hbciliog durio@j cbuc expQimcols* 

BoIryococWes 

Rubactivity (IO - ’ dpm) 
.- ..-__.-- -- 

Time in ‘cold’ medium (hr) 
0 2 7 30 loo 

Inwmal pool 
Total 
c JO 
Cl, 
C,1 
C ,, 
C 
E&al pool 
Total 
C ,0 
C,, 
C 

c:: 
C,. 
z 
(Exteroal/iotcnml) 

185 86 38 16 1.5 
37 IO 4 od.t n.d. 
33 12 6 
43 17 7 
46 1-l 8 
26 30 13 

4al 482 568 599 623 
40 39 34 24 
29 29 28 18 
20 34 62 36 
25 44 46 42 

294 336 398 479 : 
2.2 5.6 14.9 37.4 415 

*The distribution of the label inside ach pool was dctamincd through 
botty- 

t NOI dctmnincd. baaw of lack of sensitivity of the radio GC tozhmqw. 
: More than 90 % of the total radkmctivicy was located in rk CM. 

AI time 0, the radioactivity content of the rota) external 
hotryococcenes was about twice that of the total internal 
content. During the chase. the labclling ratio a (ex- 
temal/inttmal) increased. and after 100 hr. almost all the 
radioactivity wax recovered in the hcxane extract (external 
pool). These data were indicative of hydrocarbon cx- 
cretion from the internal pool to the external a prm 
which does not occur for thcalkadicncs produced by the A 
race [6]. Moreover, the total hydrocarbon radioactivity 

(external + internal) cxhlhitcd a small increase during the 
chase 593 x 10’ dpm at time 0. against 624 x 10’ dpm 
after 100 hr. This increase mey have hcen due to botryo- 
coccenc biosynthesis from dcgradativc products of ccl- 
Mar compooeats such as m lipid matcrials.and from 
close radioactive prccunors such as C,, units biosynthe- 
sized during the tunst hours preceding the chase. 

The distribution of the hhcl hctwcen the hydrocarbons 
of different chain lengths was mcasural at each time point 
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(Tabk 2). However, due IO the poor rcaolution of ihc 
botryoccccencs on the packed columns used for radio 
GC. this analysis was performed on the fully hydro- 
genated botryococcancs which were better resolved. In the 
internal pool, there was a continuous decrease in the 
radioactivity in the C&I,, hydrccarbons. although the 
C,. hydrocarbon exhibited a very small increase during 
the first 2 hr. A somewhat different trend was observed for 
the external hydrocarbons. Indeed, with regard IO the net 
increase of the label during the chase. three categories of 

external hydrocarbons could bt recognized: the CJO-C,, , 
the C,IC,J and the C,,. The first group lost radioac- 
tivity, while the activity reached a maximum after 7 hr and 
then declined in the record group, and continuously 
increased in the C,,. After 100 hr. the latter compound 
contained more than 90% of the label. In the light of this 
study, we can conclude that the C,,, botrymnc is the 
prccurror of all the higher hydrocarbons of the series. 
Wolfer ul. came IO the same conclusion from the results of 
a “CO, pulsccha~cxpcrimcnt [S]. Furthermore, it also 
appears that each intermediate botryocoocenc. C,, -C,,, 
acts as a precursor of the next homologuc. In this axenic 
strain, the C,. hydrocarbons are the end products of the 
biosynthetic pathway: I + 2 + 3 + + 4.5. The variations 
m theexternal C,O-C,J acuvitics probably result from the 
conjunction of two processes of different nature and of 
opposite elfecls. Thus lhc transformation of the lowest 
hydrocarbons into the higbcst hydrocarbons through 
methylation tends IO dazrcasc the radioactivity of the 
former, when the hydrocarbon transfer from the internal 
sire IO tht external one counterbalances this decline, at 
least at the beginning of the chase. In other words, the 
C,,, C,, activities at a given time depend on the relative 
rates of the excretory and methylation processes. 

*The my snull amourlt of ‘.C-hbclkd nlcthionine & io the 
&rig cxpcrimai~. about 0. I gM. did M)I aITozt algal growth. 

The distribution of the radioactivity in tbc internal and 
external hydrocarbon pools was also analyscd after 
feeding L_EMe-“C]mcthionine. The radioactivity of the 
external botryococcencs was hi&r than that of the 
internal ones (Tables 3). Nevertheless, the labclling ratio /l 
(external/internal) showed important variations with 
time: a fast decrease after 4 hr followed by a regular and 
slow increase. Radio GC showed that no radioactivity was 
associated with CJO, whatever the feeding time or the pool 
considered. Initially. the C,, compound exhibited the 
highest labclling. In the hcxanc extract, the activities 
associated with the C,,-C,, hydrocarbons declined after 
reaching a maximum, when the C,, label increased. In the 
chloroform-methanol extract, after a slower rate of 
incorporation into the C,, -C,. hydrocarbons during the 
first 2 hr than that observed for the same external 
compounds, a rapid increase was notiad, followed by a 
slow decrease for all botry-. 

The incorporation of “C methyl groups from labclkd 
methioninc in the external pool as well as in the internal 
one (high /I value and prcsem of botryococctnes > CJO 
in the IWO pools) and the irreversibility of the excretory 
process established in the chase experiment and confirmed 
by the increase of /3 after 4 hr. prove thaw mcthylation 
takes place in both pools. 

Feeding experimenrs with L[ Me-’ ‘Qnerhionine 

Supplying culture media with mcthioninc is known IO 
have a negative influcna on some photosyntnctic organ- 
isms, e.g. Euglea growth restricted [ 113; carrot alls. 
protein synthesis inhibited [123. A similar effect was 
observed with the B. brunii B race: 0.5 mM mcthionine 
strongly inhibited the growth*. Moreover. the botryo- 
cocunc composition was found IO depend on the initial 
biomass concentration, the amount of added mcthionine 
and the incubation time as was shown in the IWO following 
experiments. In Experiment 1, the culture was initiated 

Tabk 3. Variatioaiabouy~ laauulg after i+dmisInrioo of L-(MC- 

“Chnethioninc* 

BotryocoaXM 

Radiomvi~y ( IO - ’ dpm) 
_-- -.-_ __ 

Time after foxirnp (hr) 
2 4 7 23 68 

infernal pool 
Total 

CM 
C ,a 
C JJ 

C 
&nor p&t 
Total 

CJ, 

C J1 

C JJ 

2 

(Extcfu8l/inkrnal) 

55 451 321 281 I58 
m 172 II9 10 5 
I5 II7 64 4a 27 
12 81 64 53 29 
8 74 81 110 97 

792 902 1144 
271 289 3m 
206 207 206 
I58 171 206 
151 235 412 
14.4 2.0 3.6 

1386 
152 
I80 
I94 
a.60 
4.9 

1604 
32 
32 
64 

I476 
IO.1 

l sa the furl foolnote in r&k 2. 
tAfM 5 by mote t&n 95 % ofthc radiactivity wasconcentrated in rbe 

exrcrlul CM. 
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Tabk 4. Compositions of the botrpcocrme mixtures 
(ex1etual pooq in relation IO the ale!bod oladditioo of L- 

[Mc”Cjm&onine (% oftbe wbok) 

Compoundd 

Exp&merJI 1 Experiment 2 
Cooul.Wous Sioglc. larv 
addition of xddition 
IrJeIhiOIJiIK of aJethionine 

CJO 1 5 8 
CJI z 8 6.7 
C,1 8 87 324 
CJJ (RR, 0.873) TM 11.4 

CJ4 4 TrWes 30.5 
CM S TM 8.0 

othen TM 3.0 

from a small inoculum and small amounts of the labelled 
precursor were added over an 18 day growth period, 
thereafter a Large amount of methioninc was added and 
the culture continued for 5 more days. In Experiment 2, a 
single dose of labelkd methionine was added to a well- 
developed culture. The clioe~s of these treatments on the 
external botryocoazznes are shown in Tabk 4. From the 
botryocazne mixture synthesized during Experiment 1, 
the hydrocarbon 3 was separated by reversed-phase 
HPLC. Its “C NMR spectra exhibited 1 l-fold cnhance- 
ment of the signal at 6 19.68. previously ascribed IO C-3 I 
and C-32 relative to that observed for the unlabelkd 
compound [ 133. 

Thus, the incorporation of “C methyl groups shows 
that mcthyhtion takes place on positions 3 and 20 of the 
CJO backbone, to give botryocoocenc 3; the protons lost 
during the alkylation originate from the vinylic methyl 
groups Me-l and Me-22. 

HPLC of the bottyococcene mixture recovered from 
Experiment 2 did not allow a separation of isomers 4 and 
5, as already observed when compounds differ from one 
another only in the positions of the doubk bonds. 
Nevertheless, in the ’ 'C NMR spectra of the mixture 4 + 5 
(3: 1) four signals predommated at d 19.68 (C-31 of 4), 
19.54 (C-32 of 4) 19.78 (C-31.32 of Sand C-34 of 4* ). and 
20.22 (C-33 of 4 and 5). 

All these observations demonstrate that the methyl- 
ation takes place on positions 3. 7, 16 and 20 of the C,, 
backbone. 

CONCLLSlON 

In B. brounii race 9. feeding and chase experiments have 
provided evidence of the existence of an excretory process 
for botryococccnes from the cell towards the matrix; this 
phenomenon and the difference in rates, which probably 
exists, between CJ6 biosynthesis and the methyhtion step 
could explain the relative localization of the lowest and 
highest hydrocarbons during active growth. under con- 

* When m s~udkd 4 by “CNMR, a + II 617.W was 

ascribed IO carbon 34 [ 131. The ao0-ohurva1io0 of any incrase 

in intensity for thus signal in I& spscuum of the hydrocarbon 

mixture prod& duriop Expaimeot 2 kods us IO cons&r I~I 

~hc previously pubhsbed assignments for C-24 and C-34 of 4 
must bc mtachanged as follows: C-24 17.% and C-34 19.78. 

ditions promoting fast-growing cultures. Feeding expeti- 
ments with radiolabelkd acetate and methionine de- 
monstrated that each botrymne > cJo origimta 

from the methylation of a lower homologue, the methy- 
l&on reactions oazur both in the all and in the matrix, 
the CJ,, hydrocarbon being the.precursor of all com- 
pounds of this family. 

The accumulation of dilferent botryococcenes in nature 
or in culture is indicative of the specificity and diversity of 
the methyhtion systems in race 9. From this point of 
view, our recent isolation from a wild sampk of a new 
strain abk IO synthesize and to accumulate a partially 
cyclized botryocoarnc may be of some interest. As earlier 
hypothesized for the CJ. cyclized botryococcene charac- 
ter&d in an Australian sampk [ 133, the cyclization could 
be a direct consequence of the mcthyhtion process. 

EXPERIMEMAL 

lsolalwn and cvlrwc comttrti of the axcnic B strain. The 

ax&c strain was derived from the previously dcscnbcd MLM2 

strain 0riginaIJog from Martuuque [I]. It was produced usmg 

dilution aod nnsing tcchniqua wJth a sterik moddial CHU 13 

medium [I]. After antrifugation. the process was repeated co 10 

~imcs on the Boating coknm colkctcd with a stenk ptpettc. 

Then, the colonies were maculated on agar (12 al.) phta: 

moddied CHU 13 medium wrth an adrmxture of nutrients for 

&terra1 growIh tglucose 0.1 ~1. yeast extract 0.1 g/l.. psptonc 

from casein 0.2 g/l.). After 2 weeks of growth, an axcnic B. bruunii 

cokoy was rcmowd and inoculated into IJquJd me&urn. 

Dau@cr subcultures were sysIemaIkally examined usmg 

suirabk media for bMeria growth as previously described [ 141. 

Thccond~~Jons for slandard and bxrch ahft (I “2 CO2 ) cuhures 

were BS already reported [I]. 

Locolizarion and GC- MS 01101~~s oj borr~ococcenes. The dry 

biomass was subjected IO s uacssivc extractions with hexanc (2 

x I hr) MeJCO (12 hr), CHa,-M&H (I: 1. 24 hr). Thecrude 

extracts were chrornatograpbcd on neutral AlJO,. actlvtty II. 

with hexanc as clucnt IO obtain botryocoaxttes. GC;MS analyses 
were performed as prevrously dcscnbd [I. 131. The UI r~ro 

Raman rmcroprobc study was arncd OUI as described in [S]. 

Fredtng rxprrirnenrs The algae were fed with sodmm 

[ 1,2-‘T)of+Iate (94 mCtimM). L-[ Me-‘T]mcIhioninc 

(51 mCI:mM)andL-[Me-“C]mct~omlnc(Isotopn:punty90%). 

dissolved in HJO and autockved. 

The radio-lab&d expenments me conducted as follows: 

cylindrical ruba containing 18Oml of cuhurc medium were 

inoculated wJth idcru~cal amounts of algal km and the 

cultures performed under batch air-lift coaditlons t 1 Y0 COJ ), at 

25‘ with continuous Jllumination (470~E~mJ~scc) After one 

week. aoetatc (5 ~CI) and methionme (IO )cci) wcrc separately 

injected into each rube. Cuhurcs wJth [“C]mcthionine were 

taken for analysis after various tirncs of growth. ‘Ihc algae wcrc 

dried umkr vacuum at 60”. subpctcd IO succnsst ve exIracIions 

with solvents and the borryocoazne f&ions purihed as above. 

In thechaseexpt,algsegrownin the presence of ‘VAccIate were 

hxrves~ad afta 3 days under stertk conditJons, washed with 

rncd~ficd CHU 13 mcdmm and rcsuspendcd m frah cokl 

medium and growth allowad IO ContJouc. The cuhures were 

aaxlysed after, different pcnods of ~imc by the methods just 

dcscnbai Radmtivity was determined by liqud scumlktion 

couotiog using 0.4% butyl-PBD m ~olucnc. Radio CC was 

a&d 0uI on botryoccccanes [ 131 usmg a SE 30 109; column 

at 280”. 

lnarrporation of I-[Me-“C]mcthJoninc was ach~rved by two 

drlierent methods. Expenmcnt I: IO an au-hft culture of low 



mitial biomass (co 50 m&l.) 0.5 mg of mrthionmnc was added on 

de~1.5andl0.1mgon&yl5.2mgonda~16.17andI8and 

100 mg on day 25. The culture was taken for analysl~ on day 30 

Expcrimcn1 2: IO a dense belch air-lif1 cul1urc in linear growth 

phase (dry biomass of co 2 cl.), 100 mg of methionmc were 

added. The cul1urc was takco for analyus five days h1cr. 

Hydrocarbons were exlractcd with hexanc. purified as usual and 

separated by reversed-phase HPLC as dcscnbal m ref. [l3]. 

“CNMR (Xl MHz) spccrra were obtained from CDCI, solns 

using TMS as in1 ref. 

Ac&nowl&emenrs-We wtsh 10 1hank Dr. Brenckmarm for the 

isolarion of the axcnic strains. Dr. Seihcr and Miar Mauroy. 

Lnboratoirc de Spactrom&ic de Masse. E.N.S.C, Pans, for 

GC;MS analyses. Dr. Dharnclincourt. Laboratoire de 

Spcctrochimic lnfrarougc CI Raman. U.S.T. Lrlk. for Raman 

spectra and Dr. Vullborgue. Sodi Rhonc-Poulcnc. for ass& 

anot m recording “C NMR spectra. Tho work was supported by 

the CNRS. as a par1 of the ‘Programme ln1crduclphnalrc de 

R&r& sur ks Saenas pour I’Encrgic CI ks MaGrcs 

Prcmitra’. 

REFF.R):SCU 

I. Me-r. P., BcrkalolT, C .Casadcvall. E. and Coulc. A. II9851 

Phyrochtmwy 24. 2305. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

I I. 

12. 

13. 

14. 

Berkaloff. C.. Rousseau. B, Coute, A. Casodevall, E.. 

Mctqcr. P. sod C&i=. C. (1984) 1. Phycol. 20. 377. 

Casadcvall. E.. Dif. D.. Lmrgcau. C., Gudin. C, Chaumont. D. 

and Dcsan1i. 0. (1985) Biorcchnol. Biueng. 27. 286. 

Mctzgcr. P. and Casadevall. E. (1983) Tertahtdm Lrrms 24. 

4013. 

Largcau. C.. Casadevall. E.. BerkalotT, C. and 

Dhamclincourc. P. (1980) Phyrochmuury 19. 1043. 

Largcau C.. Casadcvall, E. and BerkalolT, C. (1980) 

Phyrcrchmisrry 19, IO8 I. 

Casadevall. E.. Mctzgcr, P. and Pucch. M P. (1984) 

Terra/&run L.trrers 25.4123. 

Wolf, I;. R.. Ncnuthy. E K, Blandmg. J. H. and Ba&am. 1. 

A. (1985) Phyrdemsrry 24. 733. 

Cox. R. E. Burlingamc. A. L. and Wilson. D. M. (1973) J 

Chem. Sot. c‘hem. Cornnun 284. 

Wolf, F. R , Nonomura. A. M and Bassham. J. A. (1985) J. 

Phpl 21. 388 

Cossm. E. A., Foo, S. S. K. and Lor. K. L. (1979) 

Phym&misrry 18, IW7. 

Faiec P. and Coss~ns. E. A. (1976) Phyrokmisrr~ 15. 1819. 

Mel-, P.. Casadcvall, E.. POUCI, M. J. and Pouec, Y. (1985) 

Phjmchtmsrr~ 24. 2995. 

Casadevall. E.. Ch~rac. C.. Largcau. C. and Mctzger. P. (1985) 

1. Phpvl 21. 380 


