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Abstract: The gene of hevein-like peptide AbAMP1 was cloned into the vector pPIC9 successfully. After

linearized with restriction enzymes, the recombinant plasmid pPIC9-Ab was transformed into Pichia pas-

toris SMD1163 by electrotransformation. The transformants were screened on MD plate medium, and then

identified using PCR method. The transformant AS16 with Mut� phenotype was used for inducing expres-

sion and other assays. A protein band of about 4.7 kD was detected on the gel by a tricine-SDS-PAGE analy-

sis of induced culture supernatant, which indicates the protein content of the supernatant of culture after 72 h

induction are almost the target peptide AbAMP1. A conspicuous inhibition band formed on a double-layered

B. thuringiensis-containing plate where AbAMP1 gel band located after acid-native PAGE. This suggested
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the recombinant expressed AbAMP1 retains its natural antimicrobial activity. The supernatant of induced

AS16 culture showed remarkable inhibitory effect on Fusarium oxysporum f. sp. cubense and Bacillus thur-

ingiensis, B. subtilis, Staphylococcus aureus, but no observable inhibition against other filamentous fungi,

yeasts or Gram negative bacteria.
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1.1 �����

ÅÆ p P I C 9 (	Ç§DÈÉÊËÌÍÎ )Z

PTG/AbAMP1(� AbAMP1 ��), Ï@Y Pichia

pastoris SMD1163(his4, pep4, prb1)ZEscherichia coli

To p 1 0�lYkÐ�YcÑA s p e rg i l l u s n i g e r

ATCC16404ZBotrytis cinerea AS3.3789ZFusarium

oxysporum f. sp. cubense race4ZPaecilomyces varioti

AS3.4253ZCandida albicans ATCC10231ZBacillus

thuringiensis AS1.16ZB. subtilis ATCC6633ZStaphy-

lococcus aureus subsp. aureus ATCC6538ZE. coli

ATCC8739ZPseudomonas aerugirtosa ATCC9027Z

Salmonella cholerasuis subsp. cholerasuis DSM4224Z

Xanthomona campestris XC05�ÒVÅÆ¬YcÓ(

ÔÕI±, 5�jÖ×¯B�ª«ÒY�ØÙ	Ú

­Û�

1.2 ��	


��ÜUÝ¬ PCR Þß, àáâB�Üã(§

ä)Våæç ; ¸¹è>(YNB), àá Sigma æç;

R� Marker àá BioRad æç; éê)(Spanish);

SDSZëìíî, ïðñëìíî_, 57òó<ô

õ, àájö÷øùúVåæç�

1.3 ��


Yeast Extract Peptone Dextrose Medium(YPD),
Minimal Dextrose Medium(MD), Minimal Methanol
Medium(MM), Buffered Glycerol-complex Medium
(BMGY), Buffered Methanol-complex Medium(BMMY)
_5û Invitrogen æç¶·¸¹�°ünýþ�´�

m*������Ñ0.022%(W/V)����(jÖ¡	¯

B�ùúVåæç), 1%éê), 
����Ñ2×��

��, 1%éê)�

1.4 ��������

�� AbAMP1 ���
���, �� P1 � 5′

��� Xhol�Ä Kex2 ��; �� P2 � 5′���

EcoR���, ����7ÑP1Ñ5′-CCGCTCGAGA-

AAAGAGATCCTACATGTTCA-3′; P2Ñ5′-CGGAA-

TTCCTATTAACCAGGCCAACATTGA-3′��ÅÆ

PTG/AbAMP1 7��, ������, PCR ó�o

Xhol�¬ EcoR�ñÝ�, õ0�'���ñÝ��

�@ pPIC9 Nä� , ä�ó��o 0!µ"0

E. coli Top10, #$á��%&'
(�)*+�~

a"0u�,�-­ÅÆ, � EcoR�¬ Bgl.ñÝ

�/P�, 0)123B�ú4Våæç¨$©Ð

�/P�

-­56ÅÆ pPIC-Ab, o Bgl.¬ Sal�<Ô

7Ý�(8�Ý�´9�w MutS/Mut��:�;<x

�), =a0�ÅÆ>"¶·¸¹ SMD1163 (Eppen-

* A Manual of Methods for Expression of Recombinant Proteins in Pichia pastoris (Version M) at http://www.invitrogen.com.
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dorf>"?, >"@AÑ1600 V, 5 mS), �B� pPIC9

C�@n7hD�E 200 μL"0F#$áMD(�,

30G�� 3 d, *+"0u�­E"0uH DNA, �

P1/P27��, PCRµ/P, I[©JKL¿M[6]�

1.5 AbAMP1 �������	

"0u� MD Ä MM (�)�:N��, �

BMGY�§��, � BMMY	oïOPQ�°��

°)Ro Tricine-SDS-PAGE ¨S<ô[7], h�°)

RH34o BradfordµT�¨S�¤[8]�

1.6 AbAMP1 �
��


AbAMP1 7U~vuR�, �°)R¨S�a

.VaWëXíî>Y(Acid native PAGE)[8], >Y

@AÑZ">[, 100 V\] 15 min, ¨�<vf�

160 V\], "^_ß`awf��bcd�>Ye

¶�, �ffT��8�, $�oghijklm,

n$��o>Y�féê)opµÐ�lY`a[9],

ÒoY7 B. huringiensis AS1.16�

AbAMP1 lYk�Ð�, XY�olmYqB

rstµÑE�°)RF 2 mLáuY��vA, '

18 mLwx" 45G� PDA���ysz{, �|�

}T~7 5 mm �ÛÞYY�Z�á��v	�,

� 25G�� 3 d, �uY��Cn7hD, 5� 3

��YqBrlmt%�(hDY�T~��CY�

T~)×100/(hDY�T~−5)�h����\Y��

uZ¸¹¬[Y�oéê)�pµÑwx" 45G�

���, ����� 105 cfu/mL ��u�Y@, z

{, �v 20 mL, m��Y(�������(φ5mm),

�A��Ð)R, 30 μL/�, 25G�� 1d�3d, ��

lY�� ��

2 �����

2.1 ��������

AbAMP1 ��'�@ pPIC9 ä��"0 E.coli

Top10, -­"0uÅÆ pPIC-Ab, o EcoR�¬ Bgl.

ñÝ�, óB 3%��, <Ô¥ 4400 bpZ2400 bpZ

1339 bp, phD pPIC9 �@<ÔóB¥ 4400 bpZ

2400 bpZ1210 bp� 3%��(� 1), �I AbAMP1

����E���°�@�Ð�,Ã�_?���

�Ä ¡¢e£¤J(¥�H�)�

56ÅÆ pPIC-Ab� Bgl.¬ SalІ<Ô7Ý�,

>"0µQ� SMD1163, ¦§¨E 8 %"0u, -

­H DNA, PCR ,Ã�_"0u5&��©¥

161bp§ª���, pÏ@Y SMD1163hDÄC�

@ pPIC9 "0uhD5u��@«(� 2), PI

AbAMP1���¬-" SMD1163��6	�

� 1 ���� pPIC-Ab��	

Fig. 1 Restriction enzyme digestion of recombinant plasmid pPIC-Ab
M: �����; 1: �� pPIC9	
(EcoR�/ Bgl�); 2: 
��

� pPIC-Ab 	
(EcoRІ and Bgl�)

M: DNA marker; 1: pPIC9 digested with EcoR�and Bgl�; 2:

pPIC-Ab digested with EcoRІ and Bgl�

� 2 ����
�� PCR	

Fig. 2 PCR result of yeast transformant
1−8: pPIC-Ab���; 9: pPIC9���; 10: ��� SMD1163;
M: ��	
�
1−8: transformants with pPIC-Ab; 9: transformant with pPIC9;
10: untransformed SMD1163; M: DNA marker

2.2 AbAMP1 �������	

+­�:7 Mut��"0u AS16oïOPQ�

°, E 24 hZ48 hZ72 hZ96 hZ120 h�°)R¨S

Tricine-SDS-PAGE <ô�"0u AS16 �°)R�¥

4.7 kD�!�34@«, 'AbAMP1�®¯§ªN°,

p pPIC9hD"0uPQ 120 h�)R±V*L@«,

²©�IAbAMP1����°, "0uAS16PQ24 h

�, AbAMP1�V#¤�°, � 72 h�V½���°

¤, " 120 hØ³´���°¤(� 3)�

h�°@A¨SÂ²©�µ0 , Þ/�I , "

0u AS16 � pH6.0, 28G@A¶, $£�, OD ·

°w 4B, o��7 0.8%�ïO, PQ�° 72 h�,

*��½��°¤�

Tricine-SDS-PAGE<ô
�, ?�° 72 h��

)R	 , �¸£7�²34 AbAMP1, �¹ , o

Bradford µT�h�°)R¨S�¤, � BSA n7
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²º», Ð�H34�¤¥7 133.1 mg/L�

� 3 
�� AS16���� Tricine-SDS-PAGE��
Fig. 3 Tricine-SDS-PAGE analysis of expressed supernatant
of transformant AS16
1: ���
�
��; 2: ��� pPIC9 ����; 3−7: ��
AbAMP1������ AS16������ 1 d 2 d 3 d 4 d 
5 d���
1: Peptide marker; 2: Supernatant of negative control transformant
induced with methanol for 5d; 3-7: Supernatant of transformant
AS16 induced with methanol for 1 d 2 d 3 d 4 d 5 d

2.3 AbAMP1 �
��


AbAMP1 7U~vuR�(C¼_>� 8.52),

�>½	*¾¿�À>ÁÂ`, �a.Va>Y�

G*Ø³iV`a��a.Va>Ylm��f	

!�7$@«, Ã�(�N���©�lY«, �

I�¶·¸¹	�°� AbAMP1UV`a(� 4)�

� 4 AbAMP1������������	

Fig. 4 Acid-native PAGE analysis of AbAMP1 and antim-
icrobial activity of AbAMP1 gel band
A: AbAMP1�����������; B: AbAMP1� B. thur-

ingiensis�����

A: AbAMP1 band stained with Coomassie Brilliant Blue R-250; B:
AbAMP1 gel band showed inhibition activity to B. thuringiensis on
plate

�°)RÒ�34ÄÅ9 AbAMP1, �¹T�

o)R¨SlYk�Ð��YqBrstµÞ/�

I, AbAMP1 h����\YUV½Æ�lmno,

lmt° 82.3%, phÇÈ'ZÉ&'_q¢XY5

±VI��lmno�éê)�pµÞ/�_ ,

AbAMP1 hÊËÌÍYZÌÎmÏÐÑYZ�ÒÓ

�ÍYZ����\Y��u5VI��lmno,

Kh§ÔÍYZÕÖ×7�Z¸¹±Vlmno(�

5)�AbAMP1 �lY`a��7h{|}~a[Y

UV$��jka, phq¢XY	�����\

YØV(=a�

� 5 AbAMP1 ��!"
Fig. 5 Antimicrobial assay of supernatant containing AbAMP1
A: �� !�; B:  "�#$%�; C: &'()!�; D: *

+&,-�

A: Bacillus thuringiensis AS1.16; B: Staphylococcus aureus subsp.
aureus ATCC6538; C: B. subtilis ATCC6633; D: Fusarium ox-
ysporum f. sp. cubense race4

3 ��

¾ª«ÙÚ1Û56�°�@ pPIC-Ab, �¶

·¸¹ SMD1163 	�E��Â AbAMP1 �<Ü�

°�8�=a0´9, Bgl.Ý�"0���"0u

�ïO®oÝÞ:(MutS)7Ä, Sal�Ý�"0��

�"0uïO®o¤³:7Ä(Mut�)�Þ/�I ,

Mut�"0u��°ßtµá MutS"0u��Þ/Ú

ã	, àá�â�o GS115 n7Ï@Y, K�°x

´�, ão34Ýäå:� SMD1163 �, AbAMP1

��Â½7´���°, �I AbAMP1 *&hæç

34Ý½èé��²©��°@Aµ0, ?H34

�¤*° 133.1 mg/L, Kn7$�WYó»ê
 ,

Gë¨$©­��°¤�

�°)R��a.Va>Y�, ìV«¤>Á

�34Å&¨��f	, zGØí?i��`a�

�féê)opµ�I, 56��� AbAMP1 UV

lY`a��á)RH34	, ?î34Åï#, T

�o�°)Rª« AbAMP1 �lY`a, ?¥�9

*ð��

AbAMP19$�ef34:��
, ' heveinZ

UDAZAcAMP2 ��>t<Ô7 40.9ñZ34.9%Z

28.1%�8:��
5UVWXY`a, ?J��§

mGHò_, KVP��_'?�óÅ,-`aVô
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õ��öº[1]�Hevein¬ UDAWXY�`a½U, î

áx÷øXY��ùúû, p9ÙÚüý[þ�	�

óÅ�-�¬��qplmÂXY�Br
�[10]�

AcAMP2 xyVô½Æ�WXY`a, pzh{|

}~a[Y�V���lmno[5]�8�h[Y�

lmno*&G'?,-`aVO, Vª«�I[11],

���ù�u��
hþ��ZN-�íþ��Zþ

�í��5V½Æ�,-no�8:��
h{|

}�a[Y��±Vlmno, 8*&9�á{|

}�a[Y[þ�±�	V$�êÅ±
, ��Â

��
'[þ��,-�¾ª«	� AbAMP1 '

AcAMP2 VN
��, hXYZ{|}~a[Y5

Vlmno, Kx��9 AcAMP2 hXY�lm9

jk�, p AbAMP1 yh����\YV(=�l

mno, ?lY§CGV�ª«�AbAMP1 h��

��\Y�(=lmno, �� AbAMP1 ����

�\L�	Vôj���o��; h{|}~a[

Y�jklmno, �� AbAMP1 �7$%V��

�o�·��:WB
�

¾ª«�¶·¸¹	56�°��ÂUVlY

`a�:ef34 AbAMP1, 7��ê�),-(

aZ,1'`a�OºZlY§CÄ`a÷ø�
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