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SLJMARY: !Ches*ting factorofSac&aranyces cerevisiaewas synthesized 
using both solution phase and solid phase strategies. Structure of the 
final peptide was confirmed using amino acid analysis, fast atan 
Vtmass spectroscopy and 4OOMBzprotonNMR. The synthetic 
farnesylated dodecapeptide, YIIKGVFWDPAC(S-farnesy1)DCI-I , exhibited 
chranatographic and spectroscopic propertiesidentical$the natural 
pherumne and had significant biological activity at nanamlar 
concentrations. 0 1989 Academic Press, Inc. 

INTmDDmION: Thirty years ago &vi(l) recognized that chemical species in 
the culture supernatant of haploid yeast cells were involved in the mating 
process of Sacchamnyces cerevisiae. In 1976 Stotzler et al. (2) -- 
deter-mined the stnxtureofthematingpheramne franthecultureof 
cr-haploids and this tridecapeptide, WBWLQIKPGQPMY, was synthesized shortly 
thereafter (3,4). In contrast the structure of the reciprocal factor fran 
+mploids renained elusive and it is only recently that Anderegg et al. -- 
(5) showed that the -factor was a lipopeptide similar to pheranon es fran 
Tremella mesenterica (6) and Rhodosporidium toruloides (7). Interestingly, 

the-P heramnes of S. cerevisae aplpear to be biosynthesizsd and secreted 
by distinct pathways (8,9). In order to confirm the structure of the 
a-factor and provide precursors for the study of its biosynthesis we 
undertook the synthesis of the lipopeptide 

TyrIleIleLysGlyValI%eTzpAspProAlaQW(S-farnesyl)OCH3 
which represents the mature a-factor encoded by the MFal gene (9). In this 
canmnication we report the total synthesis of the a-factor using both 
solution phase and solid phase strategies. 

-and-: All protected amino acids were purchased fran 
BaChen Im, Torrance CAexcept for Boc-Asp(Oiin) whichwas synthesized 
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following a procedure provided by Dr. Arthur M. Felix , Hoffman baPoche 
Inc. All reagents and solvents were the purest carmercially available and 
wereused as received. HPLC was run on a Waters Inc gradient system using 
C-18 columns. Detection was at both 220 m and 254 ma. 

Biological activity of the synthetic a-factor was measured in two ways 
using S. cerevisiae MATcr cells. Vari&s amunts of the mating factor were 
added to agar plates-kkch were previously overlayed with S. cerevisiae 
x757, a strain supersensitive to the phercanone. Theplates were incubated 
at 30°C for 36 h&s and observed for the presence of halos, indicative of 
peptide-induced growth arrest. The activity is reported as the lowest 
amount of peptide that causes inhibition of growth. The propensity of the 
phercamne to cause morphological changes in yeast cells was also determined 
(5) using wild type S. cerevisiae X2180-1B. 

RFSULTS 

Synthesis of Peptides : The synthesis of the S. cerevisiae a-factor was - 
carried out by both conventional solution phase synthesis (Scheme LA) and a 
ccanbination of solution phase synthesis and solid phase synthesis (Scheme 
1B). The strategy underlying our synthetic approach was to incorporate the 
famesyl moiety late in the synthesis and to avoid exposure of this moiety 
to acidic conditions. Furthermore, we chose not to add this moiety to a 
peptide containing both sulfhydryl and amino groups since this would have 
yielded a catplex product mixture. Schemes 1A and 1B utilize various 
cmbinations of tert-buto~carbonyl @cc), 9-fluorenylmethoxycarbonyl 
(!&xx), 9-fluorenylmethyl (Ofin), 2-brcanobenzylo~carbonyrbonyl (2-BrZ), fomyl 
(For) and phenacyl (OPa) protecting groups. Cys(farnesyl)ocH3 was made by 

reaction of Gcysteine methyl ester with farnesyl branide, and then coupled - 
with FmcAla to give Fmc-Ala-Cys(S-farnesyl)OCH3. The mine terminal 
decapeptide was synthesized either in solution or on a PAM resin 
(phenylacetamidanethyl resin). The solution phase synthesis of the 
decapeptide required both 3+2 and 5+5 fragment coupling. In the steps where 
3+2 coupling was employed hydroxybenzotriazole (HOBt) was present to 
minimize racemization and side reactions. The 5+5 fragment coupling was 
achieved using POP [benzotriazol-l-yl-oxy-tris-(dimethylamino)phosphonium 
hexafluorophosphate] as the coupling agent. 

The protected dcdecapeptide was assembled by 10+2 fragment 
condensation. The reaction was followed by HPIC and was cmplete within one 
hour using BOP as the coupling agent(10). By way of canparison very little 
couplingwas observedw~dicycl~lcarbodiimide/HOBtwas used as the 
coupling agent in a parallel reaction. After incorporation of 

Ala-Cys(S-farnesyl)0CH3 the protecting groups were removed by treatment with 
piperidine in dimethylformmide and the a-mating phercmone was purified by 
reversed phase high performance liquid chranatcgraphy. The yield frun the 

solid phase route was 25 percent whereas the conventional solution phase 
route gave a 28 percent yield for the 10+2 fragment coupling and subsequent 
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Schema 1. synthetic strategy for synthesis of a-factor. Panel A - soluticm- 
phase synthesis. Pam1 B - ccmbination of soluSon-phase and solid-phase 
synthesis. 

deprotection and purification steps. Products frcnn both routes had 

identical chrcmatographic properties am-3 400 MHz 'I-!-W spectra. The 

identical mobility of the products fran both routes suggests that 

significant racemization did not occur during the solution phase synthesis 

of the decapeptide. 

Characterization of Synthetic a-Factor: The solution phase and solid phase 

derived phercmmes exhibited identical mobilities on reversed-phase HPLC 

(Fig 1) and eluted at 59-61 percent acetonitrile which is almost identical 

to the result reported by ISet2 et al. (11). The a-factor was also -- 

hanogeneous on silica thin layers using both butauol:acetic acidwater 
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Figure 1. High performance liquid chrmatography of crude and purified 
a-factor. Panel A: crude a-factor frun the solid-phase synthesis. Panel B: 
Krified a-factor from the-solution-phase synthesis. Panel C: Purified 
a-factor frcm the solid-phase synthesis. Panel D: Coinjection of B and C. 
The peptides were eluted from a C reversed phase colmm using H20 (0.025% 
CE'3CC0H)/CH3CNwith alineargrad@nt fran 20% CH$Nti 80% CH$N. 

(4:l:l); Rf'O.58 and butanol:acetic acid:water:pyridine (15:3:8:10) Rf'O.82 

as the eluents. It had an optical rotation [a], = 64' (c 0.1, methanol). 

After a 72 h hydrolysis in 6N HCl the following residues were found 

Asp(l.06); Gly(1.07); Ala(0.96); Pro(l.01); Tyr(l.03); Val(1.02); Ile(1.80); 

Phe(1.00); Lys(l.01). The FAB mass spectrum indicated a molecular ion (M+H)+ 

of 1629.7 (calculated 1629.9) and fragments in agr cement with those reported 

by Anderegg et al. (5). 400 MHz 'H-NMR supported the presence of !l?rp, 

tram-trans farnesyl, and the methyl ester. -- 
Biological Activity of Synthetic Phercmone: The activity of the synthetic 
dodecapeptide was measured using both a grmth arrest (halo) and 

morphogenesis (&mooing) assay. Due to the low solubility of the pheramne 

in water, it was originally dissolved in either 25% acetic acid or methanol. 

The methanolic solution was diluted first into 25% acetic acid and then 

serially diluted 1:2 through distilled water, whereas the acetic acid 

solution was serially diluted directly 1:2 through water. The endpoint of 

the Halo assay was 100 pg/spot of phercamne using the acetic acid stock 

solution, whereas an endpoint of 6 pg/spot was obtained with the methanolic 
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solution. The difference in endpoints may reflect the greater volubility of 

the hydrophobic phercanone in the organic solvent. Noticeable slnncoing 

occurred at concentrations as law as 40-80 rig/ml using the acetic acid 

solution. This activity ccxnpares favorably with the values observed for the 

biological phercanone by Anderegg (25-125 ml/ml; 40-200 rig/ml) for the same 
yeast strain using a grcwth arrest assay (5), and is indicative of a highly 

potent pheroanone. The solid-phase pheromone had activity ccqarable to the 

solution-phase phemnone in the halo assay. 

DISCDSSION 

The results presented in this paper confirm that the synthetic 

lipopeptide; YIIKGVFWDPA(S-famesyl)CCH3, is identical in physical, chemical 

and biological properties to the natural peptide 22 recently identified by 

Anderegg et a1.(5). -- The efficient synthesis of this molecule and the ready 

availability of mg guantities of the lipopeptide should stir&ate 

investigations of the biosynthesis of the pheromone and its mechanism of 

action. Finally, the synthetic route reported herein is readily extendable 

to analogs of the pheranone both at the carboxyl terminus and the alkyl side 

chain on the cysteine sulfur. Suchanalogs are neededtounderstand the 

relationship between the structure o f the a-factor and its biological 

activity. 
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