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Bt - #ZE (Bt.K): VLI HL Tl X Rl
WFFE AR AF O B A (Bacillus thuringiensis subsp.
kustakiy, ZRTHEE 505, FHSLiLAs-INEEER .,

,’j’:ﬂréﬁﬁﬂﬁi(Spodoptem litura) . /J\%iﬁ(Plutella
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(http://smart.embl-heidelberg.de/) 3 Hr Hgh #adak, 18
i Prosite (http://prosite.expasy.org/) ¥ 45 )
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(A) (B)
Number Position Potential Jury N-Glyc Name Domain Position  E-value
agreement result
1T 65 NRST 06794  (9/9) +
% %% Eﬁ% 8;%82 ng T a  M60-lije domain 27323 6.6e-10
4 306 NNSP 0.1691 9/9 -
A
7 540 NQTL 07534  (9/9 4t b Zincbinding 525-564  1.0e-07
8§ 594 NNTT 05954  (7/9 + domain
¢ BN e o
11 641 NMSV 06369  (9/9 ++ mucinor carbohydrate 746863 1 3¢-11
12 683 NRTL 0.7079 §9A> ++ -binding domain
13 698 NYSQ 0.6352 9/9 ++
(C) 1 HELGH 23 4 56 7 891011 1213
7? ? 700 * QT * T T *
P104 e —— D | ————
.341 é? Z 89 ITO lTl 121?
P69
— LD ——
$l HELG%—[%}{ §6 Z 891011 12.13
T —— v '

1. BHEAFIER ST R EE
Figure 1. Analyze and construct the map of enhancin gene. A: 1-13 are glycosylation site; B: forecast the domain of
enhancin; C: the map of P104, P69 and P77. a, b, c are same to B. HELGH is Zn”' binding site.
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Figure 2. The double digestion of pET15b-P69 (-P77)
using Xho I and Nde 1. M1, M2: marker; lane 1, 2, 3, 4:
pET15b-P69, pET15b-P77, the production of double
enzyme digestion of pET15b-P69 and pET15b-P77.
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3. KA EHIENERER R ESE R ERIA
Figure 3. Expression protein of enhancin gene in
BL21. M: marker of protein; lane 1, 2, 3, 4 represent
BL21, P69, p77 and P104, respectively.
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JE R e it
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FIRES, EAE10 pLiEf7SDS-PAGE HL K 4 #r (&
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0.39. 0.15, 0.31 pug/uL. ffiFH0.4 pg#ii0.8 pghsk
B R LA BERR P Al B PR R SO
IS4 10 hAae sy, fEdlLria Bl et
TR Ba K E, /H2% SDS. 5 mmol/L
DTTAb#, SDS-PAGEHLIKUNES, Ik 343
B S B B ) 2R3 7 AL BRSO S I 4
10 hJ5, HEERKEAMEFRIFAIE, K
Qb P R e, 8 A% 1 T P AR SO R &)y
I B 2R 1 (100 kDa & LA 1) H BB (. 1) Rk fe (PR
SHRZPRE X3k, HFEFN22 kDaZe 4y 19/
THEAESPHELITE). mEkEP69 5PTTAL )
RIS R &y R £ P R B T RS, ELR A B
WA 22 kDaZi A7 /N TR, (H KRR 1 i
FEARTEA
2.5 WRERRHBRER BRE=YX Bt 5-H
B RSE T

TEFHS-NEEZR 500 pg/ehIvk i, LI1 : 1R HA

% b

E 4. BHEBAREEEABERE=YHILEBSDS-
PAGEZM#fT

Figure 4. SDS-PAGE analysis of purified proteins
from enhancin and short-enhancin. M: marker of
protein; lane 1, 2, 3 represent P69, p77 and P104,
respectively.

& 5. YRS 4 BERIREBSDS-PAGES 1T
Figure 5. SDS-PAGE analysis of proteins from the PM
of S. litura. M: marker of protein; lane 1, 2, 3,4, 5, 6, 7
represent the treatment of PM with 0.8 pg BL21, 0.4 pg
P69, 0.8 pug P69, 0.4 ng P77, 0.8 ng P77, 0.4 ng P104
and 0.8 pg P104, respectively.

TSGR P 7 Beak =9y, e X/
3B 4 Y BE S (B16) s MBI AT U EE, 395K
HEHP104F IR =X BLE A WERAEN, HA IS
T2 A 50%400 ZH(BL21+Bt.K) 29.5%4 i & 2
5(P<0.05), A BERIA WX Bl A — g i1
HAEHT, HP104AHIL, HIGRAE A B T B
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6. BIEH BRFTIAEAXBt S-NHFREHEEME
Figure 6. Synergistic effects of recombinated protein
of delta-endotoxin of Bt (Bt 500 pg/g+En 500 pg/g).
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Optimized expression and functional analysis of enhancin gene from
Pseudaletia unipuncta granulovirus (PuGV-Ps)
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Abstract: [Objective] To explore the feasibility of using enhancin as synergist to Bacillus thuringiensis (Bt), the
truncated fragments of enhancin gene from Pseudaletia unipuncta granulovirus (PuGV-Ps) were optimized and the
enhancing effects were studied. [Methods] Based on bioinformational analysis of the function domain of PuGV-Ps
enhancin, the prokaryotic expression vectors were constructed, and the protein expression levels as well as their
enhancing effects on the degradation of peritrophic membrane (PM) proteins were analyzed, and the function domains
of PuGV-Ps enhancin were confirmed. [Results] Three domains were found in the enhancin of PuGV-Ps, including
M60-like domain, Zincins catalytic domain and putative mucin or carbohydrate-binding domain. Thirteen predicted
N-glycosylation sites were also identified. Based on the sequences of truncated M60-like domain (P69) and
carbohydrate-binding domain (P77), two expression vectors, pET15b-P69 and pET15b-P77, were constructed. The
expressed P69 and P77 abundance were higher than that of full length enhancing (P104). The degradation activity of
purified P69 on the PM proteins of Spodoptera litura was higher than that of purified P77, but both showed lower
degradation activities than P104. Both P69 and P77 improved the toxicity of Bt against larvae of Plutella xylostella.
However, their synergistic effects were significantly lower than that of P104. [Conclusion] The results revealed that
the M60-like domain in N-terminus and carbohydrate-binding domain in C-terminus of PuGV-Ps enhancin all
contributed to the enhancing effects of enhancin as well as the maintenance of its native conformation. The truncated
P69 fragment may function in keeping the activity of enhacin and improving prokaryotic expression levels. These

results provide some useful guidance for the industrialized production of enhancin.

Keywords: Pseudaletia unipuncta granulovirus, enhancin, optimization fragment, enhancing activity
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