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A 15 =20 (HRBISE 18 - 20) 4% HE R 5% 5 14 K 4
peptaibols 2 3=, b #5 I #k 77 A= B 6§ peptaibols, JF 51
HEg Aib FRIE SR GA 40% . WFEFI BT, K
% peptaibols "1 ¥ K % B 1 44 JE B2 His, Arg il
Lys 7 £ L 7 0 36 R Asp, M P AR Y AL o 42 3% R
Thr, 35 7 i & FEBR Tyr A& i & FEFR Cys Hl Met,
A %5 peptaibols HA R4 5 P, H BTk I A & I —

i peptaibol I S 7 fl A H B 1
peptaibols 7T i 15 A 8 42 %6 1 AT — 5 9 2
Peptaibols FLAT 2 8 1 52 b 55— G bk A = A
F peptaibols, 3X & peptaibols H A — 4~ 85 JL & &
TR AN, 2 ) F 35k R 40 A1 36 (R 4] 2%, Degenkolb 45 A
¥ H T peptaibiome I peptaibiomics ) #E, B 7 M
— AN HEAR K TR IR A EE peptaibols 7

£1 RFMAAKSE Peptaibols
Table 1  Typical peptaibols from Trichoderma

Strains of Trichoderma Name of peptaibols

Sequence of peptaibols

Longibrachin_A_ [
Longibrachin_A_II
Longibrachin_A _II
Longibrachin_A_IV
Longibrachin_B_1I
Longibrachin_B_1Il

Trichoderma longhibrachitum

Paracelsin_A

. . Paracelsin_B
Thrichoderma reesei N R

Paracelsin_C

Paracelsin_D

Polysporin_A
Polysporin_B
Trichoderma polysporum ? ysp()rfn_ .
Polysporin_C

Polysporin_D

Saturnisporin_SA_ |
Trichod. wrni Saturnisporin_SA_ [l
richoderma saturnisporum

P Saturnisporin_SA _ Il

Saturnisporin_SA_IV
Alamethicin_F-30

Alamethicin_F-50
Alamethicin_ II

Trichoderma viride NRRL 3199

Atroviridin_A
Atroviridin_B

Atroviridin_C

Trichoderma atroviride

Trichokonin_ [ a
Trichokonin_ [ b
Trichokonin_1I a
Trichokonin_ II b
Trichokonin_ I ¢
Trichokonin_V
Trichokonin_ V]
Trichokonin_ VI

Trichoderma koningii

Harzianin_HC_ [
Harzianin_HC_]Il
Harzianin_HC_IX
Harzianin_HC_VI
Harzianin_HC_VII
Harzianin_HC_VII
Harzianin_ HC_ X
Harzianin_HC_XI
Harzianin_HC_XII
Harzianin_HC_XIII
Harzianin_ HC_XIV
Harzianin_ HC_XV
Harzianin_ HK_VI

Trichoderma harzianum

Trichoderma pseudokoningii

AcUAUAUAQUVUGLUPVUUQOQFOH
AcUAUAUAQUVUGLUPVUJQOQFOH
AcUAUAUUQUVUGLUPVUUQQTFOH
AcUAUAUUQUVUGLUPVUJQQFOH
AcUAUAUAQUVUGLUPVUUEOQFOH
AcUAUAUAQUVUGLUPVUJEQFOH
AcUAUAUAQUVUGUUPVUUQQFOH
AcUAUAUAQULUGUUPVUUQQTFOH
AcUAUAUUQUVUGUUPVUUQQFOH

AcUAUAUUQULUGUUPVUUQQFOH

AcUPUAUUQUVUGVYUPVUUQQFOH
AcUPUAUUQUVUGLUPVUUQQFOH
AcUPUAUUQUIUGLUPVUUQQFOH
AcUPUAUUQUIUGLUPVUVQQFOH

AcUAUAUAQULUGUUPVUUQQFOH
AcUAUAUAQULUGUUPVUJQQFOH
AcUAUAUUQULUGUUPVUUQQTFOH
AcUAUAUUQULUGUUPVUJQQFOH

AcUPUAUAQUVUGLUPVUUEQFOH
AcUPUAUAQUVUGLUPVUUQQFOH
AcUPUAUUQUVUGLUPVUUEQFOH

AcUPUAUAQUVUGLUPVUUQQFOH
AcUPUAUAQUVUGLUPVUJQOQFOH
AcUPUAUUQUVUGLUPVUJQOQFOH

AcUAUAUAQUVUGLAPVUUQQFOH
AcUGUAUAQUVUGLUPVUUQQFOH
AcUAUAUAQUVUGLUPAUUQQFOH
AcAAUAUAQUVUGLUPVUUQQFOH
AcUAAAUAQUVUGLUPVUUQQFOH
AcUAUAUQUVUGLUPVUUQQFOH

AcUAUAUAQUVUGLUPVUUQQFOH
AcUAUAUAQUVUGLUPVUJQQFOH

AcUNLUPSVUPULUPLOH
AcUNLUPSVUPJLUPLOH
AcUNLUPAITUPJLUPLOH
AcUNLUPAVUPULUPLOH
AcUNLUPAVUPJLUPLOH
AcUNLUPAVUPJLUPLOH
AcUQLUPAVUPJLUPLOH
AcUNLUPSIUPULUPLOH
AcUNLUPSIUPJLUPLOH
AcUQLUPSIUPJLUPLOH
AcUNLUPAIUPULUPLOH
AcUQLUPAITUPJLUPLOH
AcUNIIUPLLUPLOH

U = Aib,J = Iva(isovaline) .
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2 K% peptaibols By & B o % 46 {¢ A0

ek =

&=

Peptaibols J& T AR ™ ¥, B 1A ¢ H & B
AP BE R IR AR . AR % peptaibols K 2 K HI W 1A
Rigr o X, EARRE 3R A R R R
R AT A (BB RY A2 L R AR S Bk AR
() B 45 0 20 ek R T AL R, AT 1 ) 1 B R ] PDA 5 5%
B Peptaibols £ 7 Y 1 77 il B — M #2 1 25°C 72
A, R B, — e B 10 - 15 K, W T
harzianum CECT 2413 % B% 4= 7= peptaibols F5 14
K ABFRATAEBR ST & B FH AR 8 5 07 1%, A
JFH BB 040 %k B R Ry A Dy 3 BB R B T, TR AL AL A%
FF T. koningii SMF2 15 3# 3 Kt nl LLj™ A K& Y
peptaibols'®’

H i peptaibols 153 4lifb 47 R O 28 LL BT,
— Je 5 FH AN [R]85 A AL I 79 DA B 2 I8 9 R/ TR 22
FAR I bR i 2 R AT R kB
g, W B 3% A B AE ok ) & HPLC, dE AT 4f
A0 B B €533 96 A 5T S Sephadex
LH20 ,HPLC # M Se MY C oot o FRATFERTTE i 37
T peptaibols JH il 5 ) i #1757 35

Peptaibols J7 81 v & A KR i HE 8 A B S IR
X AZ B A B R BT KA [, TR A BB SR
Edman [ fift 15 55 5 WA E BT 22 K030 #r O 1k R 247
JFE 430 Peptaibols B % 5 J7 v Bl % % £ R
R AT T DH Y A e o e SR 37 il W 2 Ak B
IR R SR BB 38 o U (FAB) MS) (B
TS 1 B 3 (ISI-MS) 1 H W% 25 B 1 BIF o 3%
(ESI-MS) % 3 4T peptaibols [ J5 51 % %20 %)
AT AR Ok, W5 I H g 35 BB IR 5 3 (LC/ESI-MS/
MS) , J& S B i A AT IR B 3% ( MALDI-TOF
MS) 144 T W AH - H 158 55 &3 K 5T % ( nano-ESI-QTOF
MS/MS) 25 il D H] T peptaibols (1 %3¢ , If H X 4
T3 A A ALY 81 43 1 ) 2D € R R L
R 31 2 VR B HEK T A IR 5T N peptaibols J 41 45 ¢
B RA AR, BT & B 300 Z 5 peptaibols
Zy—2F J& 2002 4F DL J5 ok HPLC-MS #£ R % ¢
frg! " . MALDI-TOF B i 53 B7 s 2y o JH F 17 4
20 il peptaibome E’\]Eﬁ?{:m] o TE peptaibols % i
A —DAFER Aib-Pro 8, B FAL ST R BEAE

FEPL e W 24, 78 0T i B804 v oh IR AIE 1 Y N2 ity A
C-AR I 2L Ik 5 3 Ak 35 712, X IR K peptaibols Jif %
fREMTE B RRAE . R BRI RN RE L E R E N B
B[] 43 S A S8 2L R (U Leu B, Tle; Val B Iva) , [A 1t
SJF A ) B A B I T B — A R R R R

e [31]
o

— 2R IR ('H-NMR F1°C-NMR) 1 =4 %
i 3L #& ('H-'"H COSY, NOESY/ROESY, HMQC/
HSQC f1 HMBC ) 2% FI i 2 K450 5 8 Hi R . 4R
it A A% g e IR 5 W] L) Ay b s B R 2 1E] 1 HE S
LRI F S, H -PC R COSY Al COLOC
AT LA AT 2 B R % 3 B) 9 3% 45 7 30, Peptaibols
MR C°H T4 F 3.3 -4.6 ppm Z [, 1M
Aib B JE B9 B-CH, WI7E 1.3 = 1.5 ppm 2 Ji] , ix #&
NMR i /) #¢ i {5 5 A B T peptaibols 45 4 11 i
5270, Peptaibols 38 A — A C-AK BLa LB, 0
T. longibrachiatum 7= 4= f) longibrachin LGB TII, H:
NMR i HA C-AR N ARG S8, & F 7.23
(27,6’-H),7.27 (3’ , 5 -H) M 7.15 (4’ -H) 5,
FRAE JE N K 130.2 (37, 57),126.9 (4°),54.5
(CH-) ,38.0 (CH-B) 1 64.9 (CH,0H-B) ™, 7
XAESL T ,2D NMR AR 5 7] DL 5E peptaibols 1)
FAHRMR 2T H) . £ K peptaibols [ % 5 , Dianel %5 1
ZEVR P HEAT TR A A

ISk, NMR 42 AR 36 % 1 T peptaibols 7E A HL ¥
I R G RIS, AR ) 2 I 5 4003 R Y A EAE R
BEgE

3 K% peptaibols ) 4 4 & i,

B T 2K difi (1 48 4 , peptaibols (14 4% 5T /& ik, SR
5 HCE A W IR TR 09 G i AR AR AR Bk
(NRPS) j& 12, NRPS F] 1 £ 2 4 2 & 1k A5 A AL il
BMEZ MK, NRPS HA B (module ) 54, > 15
B0 TR AT L B B 45 A B R kg g R Y
B — A B P SCHE — 2P g O BT BE Ak 45 A I
(adenylation, A) Bk 45 #45 ( thiolation, T) 145
A 45 ¥y 35 ( condensation, C) , #H i NRPS f) & /NE i
H5E LAk 4 L — R peptaibols 4 B i
FErp A G AR SR RIS b R o S R LA, T 4544
Sl 07 DR I Y U TR PR IR 45 5 B B 7R AR K Ik B
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i, C g A AL R B T BT E &

42 -43) T

T. virens, T. wvirens ( Hypocrea wvirens )" ,

asperellummw , T harzianum""’ oTE BT S
peptaibols & % B 19 3£ K. M T. reesei (http://
genome. jgi-psf. org/Trire2/Trire2. home. html) FI T.
atroviride (H. atroviridis) i) 3% K 20 o 9, & B8 T A8
(R Texl SEBFTE RN A MY peptaibols £
BRI AN N & T, g5 — 4> 10925 5% L 1)
FI, 5 5% 7 42 19 mRNA 25K 63kb, Wiest %5 i
XFERAY—> mRNA K2 10 wm 8 8 20 1 1) B A2
200 i e U ELAT A B R 3 B R SR AL T X Al fE
5 peptaibols =& A K, Texl 155 T. virens &
BRI A peptaibols fi & nf ', 4 He 45 4 F 53 % PR 11
BT 18 A Z LR Tl k4 4 0 B — D RS LA R ST
I ALT FC S5 3751

Peptaibols £ B il 15 VA7 a5 9 A4~ 24 5 R 7E %
Y e eI A b K 450 B AR WA O e
M2 AR FRAE P 51 . Wiest 554 Hh Tex1 1.9 12
15 1 16 B2 5 (9 HEAE J7 51 LA 0 B Al R B 2 A
Xif o B peptaibols 22 1 12 7 41) 73 BT i 6 4 e v] g 2
5 Aib AN (E R AR 51 O BE A e g Ak
FRAFE Sk o SR texl BRK 5 AE BRIT ST peptaibols
(5 8, 2 B HE TR 1 A e e ) )5S ) 1) ] A
JHPETTIFARTEE L Flr NRPS'™

K% peptaibols Joi I 7 51 < B 38 02 7 971 h
7 L s B B8 R R A AR R R 3 S Y [ — T
PRIG F2 W38 H 77 e 24> 21 53 19 peptaibols, T. wvirens
TV29-8 fE/~/E 18,14 F1 11 A5k IE 3 B 7 51 K 1Y
peptaibols , H: tex1 F K kg 27252 T A peptaibols ZH
SRR A RE S L X R Texl LA AR IZ
SRR SR T HLRE B R E ) domains , 7 A B4
peptaibols, {H 2, KR Fkk T. virens G20 Bt 5 texl
FE i B 18 53 peptaibols (52, JFE AR 11
1 14 5% 3 peptaibols 19 & " o X 1k 7T BE A7 7E 4
ZA> peptabiols & U, {H 2 4> 3 oK K BUE 11 AN
14 5% 3 peptaibols 1Y & % B .

Peptaibols Z Bt 1k ) N-2A 3 A1 C-oA i 42 56 i 1)
A W4A IS4G T 1978 4F Mohr I Kleinkauf X}
T Almethicin ( Alm) A=) & il 72 S BEAL B N-K
St I -2 St 2 W2 B R DR A B 9 o AT
N-R i i) N-£ Tt -Aib AR BN i T, viride 19 H Al
OB R AR S LY, WA 2 S A ) B . BEA

Bl ST -CoA 1) £ Tt Kk A1 5% 32 3] Alm 119 585 — >
AR . Alm C-oR I 1Y A8 TN 2 B N L-28 9 S R AT A=
2R I HJ& — A0 57 (0 i & S 7= ). Peptaibols
B TR 45 H S A BIF 98 AL AIE S T X — A, X SE R
WhT b 35 ] i 26 48 A 2 o B SRS B9 TSR R . T
koningii BE 7 = C 2R i 43 39l 5 A7 Tt g s A1 01 928 ik IR
W& M ( hydroxyketopiperazine ) SO
peptaibiotics pseudokonin KL TIT £1 VI, X# C-7K ¥
M 1Y) peptaibols ) 25 14 2 BT AN [ 22 ik it 14 34 422 ]
B 2 1 A KB A i 2K Ik 1 1) — Bk A R T A
HAth R 22 BOIK G B Y C oK i A i T il 45 A4 AN
] , peptaibols £ G i Ji — D ALH & A — A>3 5 25
P (R-Z5 R ), HAfE AL — A — g 7~ 50 g, 7 19 36
JE I A8 JOK Tt 48 A B 11 285 5 JOCOHRE 3 JE B AH I 1Y)
A, RIS 15 peptaibols C-oR Sy (14 22 2 B2 (19 98 L, ¢
TR JE gy Peptaibiotics pseudokonin KL TIT FI
VI A i 7 A 1) T fig s PAT 1 928 56 R 12 I 5 AT ) i 2
H1 A Aib9 — Prol0 fy 10 > %4 Kt R 5% ik 1Y 1ij 1A R
Ui 6 B4 45 R, B & KL T A9 Prol0 it i 1k ok
J KL VI g Aib9 Fil Prol0 B4k JF A 3% i R 1 il 35

[47]
o

Peptaibols & 7 Aib Il Iva ZEdE 5 1 R 2 BL R %
Ak BIRAT K peptaibols A= M) 5 il 1 AT 5 HOK B 52
FNEA,HIE 2] H FT Y 1R R B A A ORI T K5 5L
At BT A AT AT — Bl peptaibol mf AR 8 11 IR 28 2 R
BT . A BT ST L I peptaibols B & 7 ¥
10 52 2 P T LA 3ok 1) 15 % W D S8 SE 11 2 R R N
DA o AE B E BN R, SMIR AR S Aib oY
Glu 2x 7% peptaibols (¥ £E #) & i, i HAR & 4 1] 54
fbo 18] T. harzianum ¥ 35 WM A Aib I 5HT 1)
peptaibols 73 F, 3 H R HULF RA — Ky 7= 4,
Jr A Ala 5% R #F B Aib AR B W A T
longibrachiatum #& it Glu W] M 7/ F & T W
longibrachins fi{] & Ji¥ B4 Kubicek Fl Raap #2 14 T
Aib &8 P Al AT R AR

5 4b , Kubicek 45 By} 5% & B peptaibols AYIE A%,
AN R TR 22 A K B B, T A TR B B, (2
B R N 5 T < B NG AR NI S A AR B Y S
peptaibols " o FATLERF ST L & BR, SR A [ 44 3% 75
FLREIE T. koningii SMF2 3d 5L HEF= 4= peptaibols, I
PR A6 1 © R B TE L, 1 R[] B g B 5 56 1
B 5 AS A 3 peptaibols 199 i, HHLHI T AT 1F 76
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%k

Peptaibols J& 22 IR EC B 7™ A= 1Y — 47 5K (9 BT BT

I, EE B AR R A BEE B BRI R A
AR K R Bk B 22 (98 peptaibols 45 44 15 21 fif A,
peptaibols F 51l Sy 3 AT 718t H 5 O 22 B B9 R AiE
UEARR A RIAE W) L B WIS H 45 32 B F AL,
HCNRPS BB p#AE AR 8 A = SR A 5 LT
JE 5 peptaibols & & 75 A7 5 &5 ] AL i) BF 572 4 2
A Ja KREERYEE M o Peptaibols & W il £ £ AR B I K
Xt T AR S A 2 FE A )Y BIF 5T K peptaibols (1 i
FH K A 36 R A 3 Bl 1 1 o
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Abstract ; Peptaibols are a family of antimicrobial peptides, which are synthesized by non-ribosomal peptide synthetases

(NRPS) and contain high proportions of a-aminoisobytyric acid ( Aib). Up to now, 317 peptaibols have been identified ,

and the majority of them are produced by Trichoderma strains. In this review, we described the diversity, fermation,

purification, identification and biosynthesis of peptaibols from Trichoderma.

Keywords: Trichoderma, peptaibols, antimicrobial peptides, biosynthesis

(AL 2F57)

Supported by the National Natural Science Foundation of China (30870047) , by the National High Technology Research and Development Program
of China (2007 AA091504), by the Science Foundation for Middle-aged and Young Scientists of Shandong Province ( BS2009SW045), by the

Science Foundation for Doctors of University of Jinan (XBS0824) and by the Science Foundation of University of Jinan (XKY1017)

" Corresponding author. Tel:

Received: 13 September 2010/ Revised: 11 December 2010

+86-531-82769230; Fax: +86-53188564326; E-mail:chm_songxy@ ujn. edu. cn





