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Hypelcin A is a mixture of  antibiot ic peptides produced by  Hypocrea peltata. Hypelcin A-I,  A-11, A- 
I l l ,  A-IV, A-V, A-VI,  A-VII,  A-VII I  and A - I X  are components of this mixture purified b y  reversed- 
phase high-performance l iquid chromatography. The amino acid sequences of these peptides were 
determined by  fast-atom bombardment mass spectrometry and fast-atom bombardment mass spectro- 
metry/mass spectrometry w i t h  the help of  NMR spectroscopy. The relative molecular masses of 
these peptides were all - 2000 and their structures were very similar. 

Hypelcin A ' ' \\';is isolated from Hq-pocwccpeltutu (Jungh) Sacc. 
which pre\ents the growth of Lentinus edodcx a Japanese edible 
mushroom. Hypelcin A belongs to the class of p e p t a i b ~ l s ~ ' ~  
having the following structural features; a richness in helix- 
promoting 7-aminoisobutyric acid (Aib); the presence of two 
proline resid ties; the C'-terminal is linked with an amino alcohol, 
leucinol (Lol ) :  and the compounds are acetylated at the N -  
terminal. Peptaibols, which can also be regarded as ala- 
met hicin ' analogues, show membrane-modifying properties 
which gi\,e rise to various bioactivities, such as formation of 
voltage-gated ion channels,'.' haemolysis,8 and membrane 
fusion.' Suzukacillins,' paraselcins,' I trichosporins." anti- 
amoebins. ' t richorzianines,' ' t r ichot~xins ,~ . '  emerimic- 

and  yervamicins I 8  are some peptaibols with similar i n s  1 7 .  I8  

jtructures and activities. Hypelcin A, which inhibits growth of 
various fungi and bacteria,2 has been shown to uncouple 
oxidative phosphorylation in rat liver mitochondria ' and 
to induce permeability changes in phosphatidylcholine bi- 
l a y e r s  '0.2 I ah ~i result of i t  being a mixture of components. 

I n  an attempt to separate and identify the components of 
hypelcin A. u e  previously reported 2 2  the isolation and structure 
investigation of hypelcin A-I, A-11, A-I11 and A-IV, where 
hypelcin A- I I  I and A-IV could only be purified partially and the 
complete structure of hypelcin A-I11 could not be clarified. In 
this study. further purification and separation of the above 
mentioned hypelcins were performed by repeated high-per- 
formance liquid chromatography (HPLC) and five new com- 
pounds. hJpctlcin A-V. A-VI, A-VII, A-VTII and A-IX, were 
isolated. The prcviously reported structures of hypelcin A-I, A- 
11, A-I11 and A-IV were reinvestigated and the structures of the 
new ones were elucidated by fast-atom bombardment mass 
spectromet r j  ( FA B-MS), fast-atom bombardment mass spec- 
trometry mass spectrometry (FAB-MS/MS) and 2D NMR 
t ec hniq ucs 

Results and Discussion 
Sepnrirrioit of Hj-pdcin A - / ,  A - / I ,  A-I// ,  A - I V .  A- V. .4- VI ,  

A-  '//, .4 -  I '/// c / m /  A-IX.-Crude hypelcin A. which had pre- 
viously been subjected to HPLC analysis,22 gave hypelcin A-I 
and A-I1 i n  a pure state, while hypelcin A-I11 and A-IV were 
obtained as a mixture. In this study, further separation of crude 
hypelcin A by analytical HPLC (Fig. 1 )  indicated the presence 
of new. additional hypelcin As V-IX along with minor cam- 

? Part 7. preceding paper. 
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Time ( t l m i n )  
Fig. 1 HPLC chromatogram of hypelcin A. Analytical conditions: 
eluent acetonitrile- water (49: 51 vjv); column Nacalai Cosmosil 5C18 
(4.6 mm i.d. x 150 mm); flow rate 1.2 cm3 min I ;  UV detector (210 nm); 
column temperature 40 "C. 

ponents. The mixture was subjected to preparative HPLC with 
a reversed-phase ODS column. The main fractions thus ob- 
tained were fractionated on a semi-preparative ODS column 
using repeated HPLC to yield the above mentioned com- 
pounds. The purity of the fractions was checked by analytical 
HPLC. 

Characterization qf Hypelcin A-I,  A-II, A-I//, A- IV ,  A- V,  
A -  VI. A-  VII ,  A- VIZI and A-/X.-Amino acid proportions of the 
peptides were determined by amino acid analysis of the total 
acidic hydrolysates, except for Aib and isovaline (Iva) residues, 
because of the low sensitivity for the ninhydrin reaction. The 
number of those amino acids and the amino alcohols was 
determined with the help of 13C NMR, DEPT spectra where 
those two amino acids gave quaternary carbon signals at 6,57- 
59 (Aib) and 6&61 (Iva), and the amino alcohols gave 
hydroxymethyl carbon signals at 6, - 66 (Lol) and - 64 (101 = 
isoleucinol), respectively. On the other hand, acetyl groups (6, - 2) were identified by H NMR spectroscopy. The absolute 
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Table I Characteristics for hypelcin As 

Formula 

Molecular ellipticity 
[ O ]  (" cm2 dmol I )  

Mr 
221 nm (nominal) M.p. ("C)" 207 nm 

A-I 
A-I1 
A-111 
A-IV 
A-V 
A-VI 
A-VII 
A-VIII 
A-IX 

C8YH153N23024  

'8eH 1 5  I N23°24 

',OH 1 55N23024  

'8, 1 5 3 N 2  3O24  

C8YH153N23024 

'8BH 1 5  I N 2 3 O 2 4  

'8gHI 53N23024  

C88H151N23024  

C90Hl SsN23024 

1927 
1913 
1941 
1927 
1927 
1913 
1927 
1913 
1941 

289 -282 
280-282 
266--268 
269 -27 I 
247-249 
233- 235 
268-270 
245-247 
255 256 

- 257 900 
- 304 200 
- 260 900 
-277 500 
- 265 900 
- 225 400 
-268 300 
- 305 700 
-293 700 

-222 300 
-260 100 
- 229 000 
- 243 000 
- 238 000 
- 199 200 
- 240 800 
- 268 800 
-264 100 

" Uncorrected. 
1 2  3 , 4 , 5 , 6 :  7 8 9 ~ 10,ll. 1 2 :  1 3 :  

Series A: Ac-Aib-Pro Aib ~ Alai Aib / Aib ~ Gln+Aib Leu ~ Aib :Glyi Aib ; Aib i 
I .  - - - I -  ,- 

- 
, .  
, ,  I .  

I '  

I ,  
I ,  , I  

- -:-:-;- - 1 -  

1001 
.$ 80- 
c 

60- 

.- > 40- 
iij 
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.- 
Q) 

0 -I!= 
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m /z 

[M + 1]+ 
1 [M+ Na]' 

1942 ,/ [M + K]+ 
1964 J 

1980 
7 

L 1. . 
I I I 

1400 1600 1800 2000 2200 2400 
m /z 

Fig. 2 Positive-ion FAB-MS of hypelcin A-111. * Indicates series C. 

configuration of optically active amino acids was determined by 
HPLC with a chiral Iigand-exchange-phase column. The results 
showed that Iva has the D configuration while the other amino 
acids have the L configuration. On the other hand, for the 
identification and configuration analysis of the amino alcohols, 
Lo1 and 101, acid hydrolysates were converted into the N,O-bis- 
(3,5-dinitrobenzoates) before analysis and these were applied to 
the HPLC column with an optically active stationary-phase 
column. The identity and configuration (L) of the amino alco- 
hols were determined by comparison with standard samples. 
The circular dichroism (CD) spectra of these peptides showed 
negative Cotton effects at 208-209 and 223-225 nm, which 
show that hypelcin molecules have a right-handed helix 

The amino acid proportions and other physical 
constants of hepelcin As are summarized in Tables 1 and 2. 

Structure of Hypelcin A-ZZZ.-The results mentioned above 
show that hypelcin A-111 [M = 1941 (nominal mass),C,,H,,,- 
N,,O,,] is a linear peptide. As can be seen in Fig. 2, the posi- 
tive-ion FAB-mass spectrum of hypelcin A-I11 shows the 
protonated molecular ion [M + H]+ at m/z 1942, the sodium 
adduct [M + Na]+ at m/z 1964 and the potassium adduct 
[M + K]+ at m/z 1980. The spectrum gives useful information 

for masses lower than m/z 1189. In the higher mass region no 
significant peak is observed. In the lower mass region of the 
spectrum, three series of ions, defined as series A, B and C, were 
formed due to preferential cleavage of Aibl-Pro2 and Aib13- 
Pro', bonds (Scheme 1). Series A peaks, which began at mi: 
1189, were generated by the cleavage of the Aib13-Pro14 bond 
and gave the sequence-specific ions mjz 1104, 1019, 962, 877, 
764,55 1,466,38 1,3 10 and 225. The ion at m/z 225 is descriptive 
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100- 

80 - 

5 60- 

Q) 38 1 
$ 40- 509 

14 15 , 16282 17 , 18 , 19 , 20 
H-Pro-Val i Aib I Iva i Gln ; Gln jLol + H 

(Iva) j (Val) i 
.- c- z.2 _ -  c 

197 
z *  
c .- 

- 
2 

20 - 

Table 2 Amino acid proportions for hypelcin As 

Lolb Iolb Gln G ~ Y  Ala Aib" Val Iva' Ile Leu Pro 

- 
14 15 , 16282 17 , 18 , 19 , 20 

H-Pro-Val i Aib I Iva i Gln ; Gln jLol + H - 
(Iva) j (Val) i 

1 c- z.2 _ -  c 

- 197 

38 1 
- 509 

A-I 
A-I1 
A-I11 
A-IV 
A-V 
A-VI 
A-VII 
A-VIII 
A-IX 

3.04(3) 
3.08(3) 
2.90( 3) 
3.03(3) 
3.02( 3) 
3.02(3) 
2.90( 3) 
3.04(3) 
2.88(3) 

1.01(1) 
1.02( 1) 
l.oo( 1) 
1.02(1) 
1.09(1) 
1.04( 1) 
1.02( 1) 
1.03(1) 
l.oo( 1) 

1.03(1) 
2.04( 2) 
0.99( 1) 
I .01(1) 
1.05( 1) 
1.97( 2) 
1.93(2) 
2.oo( 2) 
0.96( 1) 

10 
9 
9 

10 
10 
9 
8 
9 
9 

l.oo( 1) 
1 .oo( 1) 
l.oo( 1) 
1 .oo( 1) 
1 .oo( 1) 
l.oo(1) 
1 .oo( 1) 
l.oo(1) 
1 .oo( 1) 

0.98( 1) 

1 0.95( 1) 

0.99( 1) 
0.97( 1) 

1 0.96( 1) 
0.92( 1) 

1 0.78( 1) 

1.00( 1) 

0.88( 1) 

1.90(2) 
1.88(2) 
1.98(2) 
2.01(2) 
2.00(2) 
1.98(2) 
1.9 3( 2) 
2.05(2) 
1.92(2) 

1 
1 
1 
1 

1 
1 

1 
1 
1 

Determined by the NMR spectra. Determined by the NMR spectra and HPLC. 

mlz B 764 
,ib I Leu i Aib j Gly j I 

877 962 

1019 1104 1189 
J L, .  . . . 1 . .  :. , . .  * ,  . - 

700 800 900 lo00 1100 1200 
m lz 

Fig. 3 CID spectrum of m/z 1 189 ion 
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Fig. 4 CID spectrum of m/z 637 ion 

of an Ac- Aib-Pro residue indicating that this series originated 
from the N-terminal oligopeptide, but lack of ions belonging to 
Gln' and Aib' residues between m/z 764 and 551 prevented 
complete assignment of the sequence of this series. To solve the 
problem, FAB-MS/MS experiments were carried out by col- 
lision-induced dissociation (CID) using a triple-stage quadru- 
pole mass spectrometer. 

The CID spectrum of the m/z 11 89 ion gave ions at m/z 679 
and 551, corresponding to glutamine and Aib residues, respec- 
tively which can lead to the sequence Gln7-Aib8 (Fig. 3). On the 
other hand, owing to cleavage of the Aib'-Proz bond ions of 
series C beginning at m/z 1062 were formed. The cleavage of this 
fragment at the Aib'-Leu9 bond generated the m/z 637 ion, 
whose CID spectrum showed the protonated Pro2-Ai,b3 frag- 
ment at m/z 183 (Fig. 4), which confirmed the existence of the 
Ac-Aib residue and the sequence of the block 1-3. Therefore, the 
amino acid sequence of the N-terminal oligopeptide of hypelcin 
A-I11 was assigned as follows: Ac-Aib-Pro-Aib-Ala-Aib-Aib- 
Gln-Aib-Leu-Aib-Gly-Aib-Aib. 

Ions of series B, beginning at m/z 754, were expected to give 
the sequence of block 14-20 corresponding to the C-terminal 
residue. In the CID spectrum (Fig. 5) ,  this acylium ion lost Lol, 2 

100 
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$ - 40 

20 

.- z 
c 
Q) 
.- 

2 

0 .  
0 100 200 300 400 500 600 700 

m lz 

Fig. 5 CID spectrum of m/z 754 ion 

Gln, Val (or Iva) and Aib successively to give the m/z 197 ion, 
which was descriptive of Pro + Val (or Iva). However, the CID 
spectrum (data not shown) of the m/z 197 ion, did not give the 
expected proline acylium ion at m/z 98, but showed the signi- 
ficantly abundant A-type ion at m/z 70, which originated by loss 
of CO from proline as reported before." This observation 
showed that Pro was located at the N-terminal of the C- 
terminal oligopeptide, and the amino acid sequence was found 
to be Pro-Val(1va)-Aib-Iva(Va1)-Gln-Gln-Lol. 

The complete sequence of hypelcin A-I11 could be obtained 
by connecting these two fragments, N-terminal and C-terminal 
oligopeptides, but two ambiguities remained: the problem of 
determining the exact location of the isomeric amino acids Val 
and Iva, and verification of the unstable Aib-Pro bonds 
preferentially cleaved in the FAB-MS experiments. At this stage, 
2D NMR techniques were helpful such that, in the NH-NH 
region of the NOESY spectrum (Fig. 6), two separate series of 
NH-NH connectivities were observed, extending from Aib3 to 
Aib13 and from Val" to Lolzo. The NH-NH connectivities 
extending from Val' to LolZo helped to determine the locations 
of the isomeric residues Val and Iva to positions 15 and 17, 
respectively. Thus the correct sequence of the C-terminal was 
shown to be Pro-Val-Aib-Iva-Gln-Gln-Lo1 unambiguously. 
Furthermore, in the NOESY spectrum (Fig. 7) two couples of 
Aib NH-Pro BH connectivities were observed which indicated 
the presence of AibPro  bonds at the 1,2 and 13,14 positions. 
Consequently, the primary structure of hypelcin A-111 has been 
completely elucidated as follows: Ac-Aib-Pro- Aib-Ala- Aib-Aib- 
Gln-Aib-Leu-Aib-Gly-Aib-Aib-Pro-Val-Aib-Iva-Gln-Gln-Lol. 

Structures of other Hypelcin As.-The sequence analysis by 
FAB-MS showed that other hypelcin As had very similar 
structures to that of hypelcin A-111. They all showed [M + HI+ ,  
[M + Na]+ and/or [M + K]+ ions between m/z 1900 and 
2000 (Table 3). According to the FAB-MS and FAB-MS/MS 
results, the hypelcin As had differences in their amino acid 
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Fig. 6 NH-NH region of the 600 MHz NOESY spectrum of hypelcin A-I11 in CD,OH at 10 "C (60 mmol dm-7. The labels are at the dNN(i, i + 1)- 
type cross-peaks. (*) Indicates the E-carboxamide protons of glutamines. 
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Fig. 7 
frames indicate the connectivities from the Pro C6H, to the NH of Aib. 

Part of the 600 MHz NOESY spectrum of hypelcin A-I11 in CD,OH at 10 "C (60 mmol dm-,). The labels surrounded by the rectangular 
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Table 4 Primary structures of hypelcin As 

Leu 
Leu 
Leu 
Ile 
Leu 
Leu 
Leu 
Ile 
Ile 

J. CHEM. SOC. PERKIN TRANS. 1 1993 

.Aib-Gly -Aib-Aib-Pro-Val -Aib 

.Aib-Gly -Aib-Aib-Pro-Val-Aib 

.Aib-Gly -Aib-Aib-Pro-Val-Aib 

.Aib-Gly-Aib-Aib-Pro-Val-Aib 

.Aib-Gly -Aib-Aib-Pro-Val -Aib 

.Ai b-GI y -Aib- Aib-Pro-Val -Aib 

.Aib-Gly -Aib-Aib-Pro-Val-Aib 

.Aib-Gly -Aib-Aib-Pro-Val -Aib 

.Aib-Gly-Aib-Aib-Pro-Val-Aib 

Position 1 2 3 4 5 

A-I 
A-11 
A-I11 
A-IV 
A-V 
A-VI 
A-VII 
A-VIII 
A-IX 

Ac-Aib-Pro-Aib-Ala-Aib 
Ac-Aib-Pro- Aib-Ala-Aib 
Ac-Aib-Pro-Aib-Ala-Aib 
Ac-Aib-Pro-Aib-Ala-Aib 
Ac- Aib-Pro -Aib-Ala- Aib 
Ac- Aib-Pro -Aib-Ala- Aib 
Ac-Aib-Pro-Aib-Ala-Aib 
Ac- Aib-Pro-Aib-Ala-Aib 
Ac-Aib-Pro-Aib-Ala-Aib 

sequences at positions 6, 9, 17 and 20 as shown in Table 4. 
Position 6 was occupied either by Aib or Ala as evidenced by the 
ions observed at m/z 537 for Ala in hypelcin A-11, A-VI, A-VII 
and A-VIII, and m/z 551 for Aib in hypelcin A-I, A-111, A-IV, 
A-V and A-IX. On the other hand the Leu or Ile at position 9 and 
Lo1 or 101 at position 20 could not be differentiated by FAB-MS 
spectroscopy. The ion attributed to Leu or Ile at position 9 in 
the FAB-MS spectra was assigned to be Ile in hypelcin A-IV, 
A-VIII and A-IX, and Leu in the others according to the amino 
acid analysis results. The amino alcohols were identified as Lo1 
or 101 on the basis of comparison with standard samples by 
HPLC and it was found that hypelcin A-V and A-VI had 101 at 
position 20 and that the others had Lol. As for position 17, the 
CID spectrum of series B ions showed prominent ions for Iva or 
Aib at m/z 381 and 367, respectively. Thus it was shown that 
hypelcin A-111, A-VII and A-IX had Iva residue at position 17, 
while the others had Aib. 

Experimental 
General Procedures.- All m.p.s were measured on a Yanagi- 

mot0 micro melting point apparatus and are uncorrected. All 
NMR experiments were carried out by using a Bruker AC-300 
or a Bruker AM-600 spectrometer at 10 "C or room tempera- 
ture. Samples were dissolved in CD30H (0.45 cm3) containing 
tetramethylsilane as internal standard. CD spectra were re- 
corded on a JASCO 5-720 spectropolarimeter at room 
temperature. Peptides (0.4 1-0.82 mg) were dissolved in 
methanol (1 cm3). For HPLC analysis a Shimadzu LC-8A 
system was used. 

Reversed-phase HPLC Separation of Hypelcin A-1 , A-II, A- 
IZI, A-IV, A -  V ,  A -  VI,  A -  VII, A- VIII and A-IX.-Preliminary 
separation of the hypelcin A mixture (1.7 g) was performed 
repeatedly with a YMC-Packed column (50 mm i.d. x 500 mm) 
[eluent (49: 51 v/v) acetonitrile-water; flow rate 80 cm3 min-'; 
UV detector (220 nm); column temperature 40 "C] to give nine 
main fractions. Further fractionation was carried out repeatedly 
with a Cosmosil 5C18 column (20 mm i.d. x 250 mm) [eluent 
(49:51 v/v) acetonitrile-water; flow rate 17 cm3 min-'; UV 
detector (220 nm); column temperature 4OoC] to give pure 
hypelcin A-I (5 17.2 mg), A-TI (239.8 mg), A-III(102.8 mg), A-IV 
(95.8 mg), A-V (88.9 mg), A-VI (41.2 mg), A-VII (22.0 mg), A- 
VIII (36.9 mg) and A-IX (22.1 mg). The purity of the com- 
pounds was checked with a Cosmosil 5C18 column (4.6 mm 
i.d. x 150 mm) [eluent (49 : 5 1 v/v) acetonitrile-water; flow rate 
1.2 cm3 min-'; UV detector (210 nm); column temperature 
40 "C]. 

Identification and Absolute ConJiguration of Amino Acids and 
Amino AIcohols.-For amino acid analyses, samples (0.1 mg) 
were hydrolysed in 6 mol dm-3 HCl at 110 "C for 24 h. The 
hydrolysate was separated into three portions, one of which was 
analysed by an Hitachi amino acid analyser (model 835). For 

7 10 11 12 13 14 15 16 171 18 19 

the chiral separation of amino acids but not the amino alcohols 
the second portion was subjected to HPLC analysis with a 
Sumichiral OA-5000 column (4.6 mm i.d. x 150 mm) [eluent 2 
mmol dmW3 aq. CuSO,; flow rate 1.2 cm3 min-'; UV detector 
(254 nm); column temperature 40 "C]. t,-Values from standard 
equimolar mixtures of DL isomers (min): Ala, 4.85; D-Ala, 6.67; 
Aib, 7.78; Pro, 9.35; Iva, 11.19; Val, 13.03; D-Iva, 13.64; D-Pro, 
19.31; D-Val, 22.35; Ile, 32.87; Leu, 39.35; Glu, 55.77; D-Ile, 59.64; 
D-Leu, 67.51; D-G~u, 68.6. The third portion of the hydrolysate 
was used to determine the absolute configuration of the amino 
alcohol of each peptide, in the following manner. The acid 
hydrolysate was refluxed in absolute methanol-thionyl di- 
chloride (10: 1; 2 cm3) for 3 h to give the methyl esters of the 
amino acids. After removal of the solvent and reagent under 
reduced pressure, the residues were treated with a solution of 
3,5-dinitrobenzoyl chloride (- 1 mg) and triethylamine (one 
drop) in ethyl acetate (2 cm3) while being stirred at room 
temperature overnight. The resulting N,O-bis(3,5-dinitrobenzo- 
ates) were analysed by HPLC with a Sumipax OA-4100 col- 
umn (4 mm i.d. x 250 mm) [eluent (85: 15: 3 v/v) hexane-1,2- 
dichloroethane-ethanol; flow rate 0.8 cm3 min-'; UV detector 
(254 nm); column temperature 35 "C]. t,-Values from standard 
equimolar mixtures of DL isomers (min): Lol, 45.16; D-Lo~, 37.18; 
I01,43.16; D-IOl,35.41. 

FAB-MS and F A  B-MS/MS Spectra.-FAB-MS and FAB- 
MS/MS spectra were obtained by using a Finnigan MAT 700 
triple-stage quadrupole mass spectrometer. Samples were bom- 
barded with 8 keV xenon atoms. Argon was used as the 
collision gas at a pressure of 1.0-1.5 x Torr.* The collision 
energy was - 10 to -20 eV. For FAB-MS and FAB-MS/MS 
experiments glycerol-thioglycerol (1 : 1) was used as a matrix. 
Samples were dissolved in methanol-water (1 : 1 v/v) containing 
0.1% trifluoroacetic acid, and mixed with the matrix on the 
target. 
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