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Heterologous Expression of Fusion Hydrophobin in Tremella fuciformis
CHEN Shao-min,ZHU Han-yu,LIU Dong-mei, XU Dan-yun, MA Ai-min"

(College of Food Science and Technology , Huazhong Agricultural University , Wuhan 430070, China)

Abstract ; In order to improve the properties of hydrophobin, and to expand the potential application of hydrophobin and the
edibility of Tremella fuciformis,the Pleurotus ostreatus hydrophobin gene ( hyd) was ligated with hyd without the termination
codon ,which was the fusion hydrophobin,named H-H ,and then the expression vector pEtGH-H—-H was constructed.The vector
was transferred into Agrobacterium tumefaciens EHA105 by electroporation, and then transformed to the yeast—like cells of
T'.fuciformis. After hygromycin selection and PCR detection, 10 transformants were randomly selected and analyzed by Southern
blot to screen multi—copy and stable genetic transformants.The quantitative real—time PCR analyzed showed that the relative
expression level of transformant No.5 was 11.40—fold higher than that of the wild.Finally,we extracted the fusion hydrophobin
from the transformant No.5, which proved the fusion hydrophobin can be expressed in the T.fuciformis successfully. The
properties of foamability and emulsibility showed that fusion hydrophobin was better than P.ostreatus hydrophobin.

Key words: fusion hydrophobin; Agrobacterium tumefaciens mediated transformation; Tremella fuciformis; foamability;
emulsibility
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B /K & 11 (Hydrophobins ) J2& H | £ HIHY — 2% sl AR ) B 2K TR TR R R T A R AR

TRT% PR SR B /N4y TR PR R 1, 29 & A 100 2
LR, S T2 10 kDa, T IZAFAE T 45 Pl 220K 5
o R R HE 2 7 2 RN B 1 AN IR, 3K 7R
Sy T RUFN L AU AR LT A K R [ FR A e
T R LA i R B S T R, B AE 100 °C 7k
W UL XER % T 2% SDS, HUAT 7658 2 40 P R A = 45
SR AT AR R s K E A — IR R
I AR P B R B A1 1 3 e K — B K TR 4 R AR
2 Tl — 2 W R PR A I JEEJEE 24 g 10 nm, P
A Fa e, HLBE oA L THT A0 5% K M R Ak HE
PR , B 7K 2R 1 7E B L 5 2% Tl 45 40 e HL AT 3 K
B AT 5, Anig /K 25 11 B FL AR PE T IR R i 21
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Table 1  Primers used in this study
51K 75 (5'—3") i
H, -F CG GGATCCATGTTCTCCAAGG
‘ SERE hyd B
H, -R TTCGAATTAAAGACTGACGTTGGTGC
H, -F C GAGCTCACGCGTATGTTCTCC
s T TAA [ hyd 5[
H, -R CG GGATCCAAGACTGACGTTGG SBHT Y hyd 2
EH-F GCAGAAGAACGGCATCAAGGTG
MR L o
EH-R CAGGCTCTCGCTAAACTCCCC MRR-ROIHER
B-tub—F GATGACCATTTCTTGCTTC .
Z: 3K qRT-PCR 5l
B-tub-R GTTCTGACATTTGCTACCG WZHH 4 L
Real-F CCAGCCAACCACCAATCA o S50 RT—PCR 230
Real-R CCGAAGGCAACAAGACCATT 4 d i

T N R 2 m BV
Pk K LR hyd 5 ZL R ST hyd PF
1%, E & EiKE A H-H, 3 S AR E 2R b %
ik, A B e K AR Y T, 8] B U SRy H At AR 1 BT
RSP BT R P A R B
1 #MRl57FE
1.1 5N

AR ZR A 32Y | S ol TR 22 P739 R AR AT T
EHAL05  ASEHG 38 (/A7 ; BUKL pEGH F AR SE5G 5
AU T i pCAMBIAL302 JORIIFARAE " 5 KM AT 18
DHSo ,pMDI18—T 5 [ 78 {4 | B il 14 9 VI B Sac 1 |
Milu 1 BamH 1 Asu Il . Xho 1 K i% TaKaRa; T4
DNA Ligase 3E[E Promega; &EJi 275 £ | [nliicial
ol G Aok B UGN & S8 Axygen ; Southern 4252
HF& 32E GE;PDA H53E K (LB H5 38 5 YEB 1
e IM Oy IR Bk Co — CM B % Bt = 90 & MR
( Trifluoroacetic acid, TFA) Sigma 2\ & ;K5 T =&
bR TaKaRa 23w ; HoAfhlGn] 252050 Hrali

PCR X 3£ [E Bio—Rad A F; @R THRAL 18
Christ 23 H]
1.2 RWHE
1.2.1  BEFRBEmcH|  PDA K5FREL. FREL 46 g PDA #
K, HZEMACEZRZE 1 LB 1.5% BUEk, 121 C
155 FEZE VKA 30 min

YEB FigR3E: R S o/L, B RHE Y 1 o/L,
HIFAG S ¢/L, BEME S o/L, LAKELREE 0.5 ¢/L,
NaOH #4757 pH 2 7.2, HZEMW/KERZE 1 L, B
1.5% BUiE Ky, 121 °C,30 min /&5 I K .

MM i%?%%%%*% 20 g, i IR &4 1.32 g(/Fﬁ\ N
20 mmol/L) ,MgSO, -7H,0 0.25 g,kH,PO,-3H,00.5 g,
VBI 0.2 mg,ZnS0O,-7H,0 2 mg,CaCl, -2H,0 0.5 g, %H
TR%k 0.02 mg, #bE ddH,0 SERZFE 1 L, 121 C & a7
VK 20 min,

IM 35758 .20 x BEBRSE i W 5 mL,20 x FhiF
W5 mL,50% 1 mL,1 mol/L #jZ&j B iANE 1 mL,
1 mol/L MES %% 4 mL,200 mmol/L AS 7#0.1 mL,
¥ ddH,0 B4 100 mL,

Co—CM }5FEHE 20 x BEFRZE v WL 5 mL,20 x
EhAW 5 mL,50% il 1 mL, 1 mol/L 7% % WA W
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0.5 mL,1 mol/L MES % 4 mL,200 mmol/L AS VA
0.1 mL, %M & ddH,0 FEZAZE 100 ml.,
1.2.2 BRI TalE ik iy dt fR4PE NCBI &
W) Po.hyd( GenBank % 5% 5 -~ No.AF331452.1) , ]
JHEAF Primer 5.0 #4775 91t , ink 1 Fios.

£ PDA SF-AR | P739 SF 7k T 22 I 38 B
RNA, DIFEELAY RNA MMz, FH Ancheored Oligo
(dT) 18 & FR % 5% RNA 155 cDNA ( BAR$RAE 2D B
2 B8 TransScript ® One — Stepg DNA Removal and
cDNA Synthesis Super Mix U, HI45) . LA cDNA AR
M, H, —F/R F1 H, —F/R 5|4y, 53 54 38 V-2 g 7K 2R
FIZEE hyd 5 LR IE% 5T 09 hyd, ¥ 38 &1
95 °C 5 min,95 °C 30 s.61 °C 30 s.72 °C 30 s,f&¥
Bk 34 4,72 °C 7 min, 53590 BamH 1 Asu 11
Miu T BamH 1 XffEY] PCR gifb =4y, 3 Mlu T .
Asu Il X EGY) pGEH kL, ¢ [B1 WK SR YT 149 7= 4, 3t
I B S N A i H-H [ 3R iI54{A pEGH-H-H,
¥ pEGH-H-H # 1k DH5a K222, H, -F/R
S EAT P& PCR ISR, I X 8 7% BURL#EAT Mlu T |
Asu IT WY1 4GUE. pEGH-H-H #Z K E wE 1 fr
NP 30 i QR I i A A el T YA L W 5 E N ol =
A.tumefaciens EHA105, i H, — F/R 5| % #1717 B 7%
PCR #&
gpd promoter

gpd promoter

Kanamycin(R)

P 1 pEGH-H-H 4k

Fig1 pEGH-H-H vector
1.2.3  FeAbv e M AEE Gl AR AT A S
Pk J7 1% pEGH-H—H 4844 JF0kr 5 A B4R H- Ay I
P2 KA pEGH—H—H [ HRJRE A T 74 42
FE 50 pg/mL RIRF 50 pwg/mL F] 48 -7y YEB,



T

28 °C 150 v/min YR HEFE 24 h, W HL 120 L %, 3%
FrE)12 mL R AR FER A 28 °C 150 v/min $E¥5
FEFE B ODg B M 0.6~0.8,4 °C 5000 r/min B.0»
10 min, FEUEWE, FBT S BCH] A9 548 200 wmol/T. AS
i IM B 5% S 3 L P AR 2 ODg fH 2920 0.1~0.15, F
28 C 150 r/min % 357 3% 57 175 ML I AR AT T 25 14, B
BB ODg (H 2 0.6, K 8L H- 27 #0322 Fp T Wk A4
MM } 3t 7 d, ) IM RS 3% 568 45 #0794k B2 o 10°
A/mL, G 25 S AR ARAT TR RS A 2R AR
WHR S &, UAT T4 A JC i uE B A L B R By g
25 CHEFE3 d, G uBIEE R 5 50 we/mL I8 ZR Al
200 pg/ml Sk A7 b e AL T, SRR L 3 AR
PR B0 e AL 7 T ISP PDA 33 krh 25 CHE 3%
7 d,$EHL DNA, 3§ H, -F/R #1 EH-F/R &0 ,

PRIEFFEFAL T, PO IL PN 4] DNA 28 Xho
I WU, LA hyd FEDRIAVE S 28 32 8 5T #E4T Southern
blot A6 "™ F4 HCBH P 4 Ak 7 FUEF Af B4R B 32Y
M mRNA 22 i B AR R A H AR IR 55 FR A 7 32
AT SEIE P B PCR 434 AG U S Ik 1 Fos.
124 FIARERFIMPREC i e ooz RAET izt iy )y
AR E AR E . KL TR T PDA B 3R ik
H,25 C 537 20 d Ja ¥ R T, O DUET 2R B g
P739 T 22 4E Xt BRZH , #2 FRUBHAR LE 1210 (m/v) ¥ fii
FHEFEME 1(2% SDS,0.05 mol/L Tris pH6.8) 1,100 °C
£#£4F 10 min ,4000 r/min E5.0» 15 min, TS U00E B
TP LG5 i =2: 1) ,65 “CLR1F 10 min, Jf:
HIRSER DUUE . MPLRE h N A =9 & MRS i, & T
VK EJICE 6 ho AR AR 5 48 T e B 1R g — 2R
K R R BE I H 3K ( Sodium  dodecyl  sulfate
polyacrylamide gel electrophoresis, SDS—PAGE ) 4347,
IR P IR R e (o ) =
1.2.5  EiKAE O R Pr ER B
BT 5 5 LSOk P739 145 7K 28 A Bic i) sl 2¢
W S0 pg/mL BUAE S, 23 551 H 600wl &5 FHE W,
JHYRG IR SIALAL T 30 s, IFHE 1.3 h A1 7 d J5 ek
AP E FFLALPE S BT
1.3 HiEsbE

T 2H LI ARCOT AT T2 8 =R, B O W E R R
Hofi=R ] Oligo 8.0 FRAALH
2 GRS
21 EEWRESFISH

Vi B 22 55 RNA (Y FE UK IR I AN 18] 2A o, 2%
T SE R LRI RNA LR SEHE , A7 G 2R . /K E M
cDNA JFHN Y ML R AN 2B Fios , 4540 RN 5 T
A H TCA? , 4565 0 5 45 SR 3R B e D 14 S i i K
FEHHEBPIN B
2.2 FRiEF K pEGH-H-H gyt

P XUBEUI ) M pEGH BEAT 3% 4%, 764k, JH H, -
F/R BEAT BV PCR A, N[5l 3A Ji7R , 78 330 bp A1
660 bp MY EHRAT AT, 5053 A B — B9 g 7K A 1 RE
FEG B K E A EEH, 5 U ARAT . X pEcGH-H-H
PEAT Mlw 1 [ Asu 11 XUBEDT, W01 3B Fros, 76 K24
660 bpihH — 5 10T , 45 R KW, pEGH-H-H %%,
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M 1

2

K2 58 RNA 5 PCR ¥ #7=4)
Fig2 Total RNA of P.ostreatus and PCR products
TE AP LT 2208 RNA B P g i K 8 BRI A Jr B
PCR 4250, o 1 3KaE o 2Bk TAA /9 hyd &M,
2 YKIE R SEEE Y hyd K ;M ; Trans 2K DNA marker,
A R o
PEH pEGH-H-H JFUkr, I F 5 A0 B RO A AT B
EHA105,H, —F/R 5347 H 7% PCR &, K 3C
JIt7IS , 7E 330 bp A1 660 bp A E 53 il A 2547, U U

pEGH-H-H JFURL L S AMVEARFT I EHAL05
M 12 M |2

K3 % PCR 5 pEGH-H-H FOR XU )45 45
Fig.3 Colony PCR and digestion of pktGH-H-H plasmid

7 :M;Trans 2K DNA marker; A; Jki8 1.2 BEHLPEECS

pEGH-H~-H JFUAL i R 7 #F T SR 7T 7% PCR 45285 B JK 1

1.2 JBALPRHR 2 A pEGH-H-H J T 5 14 ok XUk

VIGER CukiE 1~4 BEHLEEIR 4 >3 pEGH-H-H JFok:

AHE AT A 7% PCR 4551
2.3 ¥{LFH PCR ffik & IGE

8 AR AR AT R A S5 0K pEGH-H-H 4844
FRL S AR E AR R A v . 76 2 3R PR RBE AL
PeEFAAE AL T, LU 6 T 19 DNA AERCHR , 23 5
EH-F/R F1 H, —-F/R 5| #3417 PCR KU, 25 2R 4n &
4 i, Hoh EH-F/R G194 B 09347 /N2y 2
550 bp,H, —F/R % 330 bp,660 bp ZEA5HA WY, 45
LW AR AT, B AlA BUK SR AR5 A B F
flarp,
2.4 #{LF Southern blot 4 #f
PEHL 10 4~ %% 4L F1F Southern blot 43#7, 45 H 4N

Bl 5 FiR. 5 5 ZF5 0 =8 D1, 8 5 Sy X% Ul 4% 1k
T, 1,210 S BREE DAL 1,3 4.6 .7 .9 S5k
FARIRAFLSAT T, T R AR BHAE , A ] R R TE A
3~5 AULARGEFI L R b, BR 0 AL T 2 AL ARG
WMT PR FE R0, AR RN IRRE 31 7/ B
T A AL T A MRIR R k™
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Table 2 Foamability and foam stability
- TR R L R ARILIR R 1 h IR 3 h IR T h R ; 1 h ik 7 h ik
FE I by e S,
(mm) (mm) (mm) (mm) (mm) FeE Tk
P739 15 7 5 3 46.7 71.4 42.8
5% 15 13 12 7 86.7 92.3 53.9
M 12345 14 -
12 -
bp 10 -
8000 —» 3
5000 — E 81
3000 — ;
2000 —» ﬁ 61
1000 —» 44
750 —»
500 —» 21 . I
250 —»
100 —» ()._- -_
32Y 1 5 8 10

K4 Fefbs PCREUEZS
Fig.4 Transformant verification by colony PCR
{E:A:EH-F/R 5|4 PCR §" 145
Hrpykif 1~5 FHeAb ;B H2-F/R 5|9
PCR 4§45 2R o JkiE | g P A= 1Y 32Y,
VK 2~6 AL AL T ;M Trans 2K DNA marker,

MCKILl 2 3 4 5 6 7 8 9 10CK2

K5 #:A4kT Southern 2¥A5 44
Fig.5 Southern blot analysis of transformants
7 :M:\ DNA/Hind Il marker, CK1 B4 %6 32Y 254,
CK2 Sy B X HR 2R AR BT, 1~10 235 1~10 55540,

2.5 #{LF real-time PCR &#f

BEHR 32Y WpAEARUZER AT 1.5 .8 10 S4% 4k T 257
47 Real—time PCR 4347, 25 R UNE 6 Uron, Hrr 1
8.5 S RIK,8 TS SRIE MBS, AN E A
FUNT BB ZH 14 5.071 £%.11.406 1%, 45 5 5 Southern blot
SIPTEEIR—EL, T 1 5 AT Re AR B AL 7 Bl s D
2.6 BHREBIREKBIX&EN

BEHL 5 SHALF P RIEEFE, LA P739 VB 22k
XTREZH , I = £ MR v 3R B H FR 2R 11, SDS—PAGE
K, an &l 7 s . MEIHRER A 1 5 Sk RE
B EREA(E LR L E AN RN S8 A
TUSP-g5 TR 22 Th B K 28 VA W B 22 5%, 2928 P739 SF
75 DR 22 5 7K 85 I SRR RN R, R 25 Al &
AR A TRk,
2.7 @amE s

i R 1R ST AL PR U B2 2R 50 pg/mL [#)°F
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P16 BpA: Y KAl 7 A S R A I 25
Fig6 Real-time PCR of
the wild—type and transformants
TE:32Y W EFAE RN 2R 1.5 .8 .10 Jfefb 1.
M 1 2

=—
—

K7 alifeRl & i SDS-PAGE HL k%
Fig.7 SDS—PAGE result of the purified fusion protein
E M OB A i1 marker; 3KiH 1 4
Vgt P739 T 225 9K3H 2 0 5 SHAL T
4 P739 G /K FE AR H- 28 1 5 5 Fe A 1 19 il
BEKE R, 3 2 iR, S SHAL T E AR
NI TR B S /= TP 4 P739 BOEE I i iR, BAE—
JRJE IR R — B BE . A 3 RN, S S hefk
TH AR FLAE TR B (EAD) FFLAL iR 1 (ESI)
Y75 T SDS. HMTT UL, 5 SR AL T K A I T
5T L BB K R R RO — E R A T
*3 It IR e

Table 3 Emulsibility and emulsion stability

FLikfEE FUeRvEE

Bebh mOBEA moefial 00 iy
7K 0.000 0.000
SDS 0.053 0.041 53 11.6
P739 0.264 0.224 26.4 12.7
5% 0.422 0.401 422 14.3
3 #Hit

AT E I8 ok XU U] it 2 7 1k , Al st il g K 2R
FE I H-H, I AR I A AT B A 5 5% A6 7 125 5 L
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WIS ABRBEZE ), Southern Z& 32 56 1E % B, %
AT A TE SRS DL X5 DL 22 #8 DL A5 A ) B9 4 A
T, SEHTZE G it PCR o, S NI T Y
KR AR & B2 LB UL 245 2R 5 Southern
ZRATGEIR B

5 DAL TG K S AR X Rk iy L S BF R
B 114 4% o S FERGE LA b8 B, 5
SHAL T R K 2R a9 PR R RS OC TP 48 B K
F1, HE R AT BB 5 Rl g /K 2 1 v R B Y R AR
P2 B K 2 R A O

S 3L Hk
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