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T AR HL RO B o R R R R Tk R 4, R
IS0 T 0 it 40 M B 82 1 A/MMplp #) C 3 GPL A5
KA B ORI N R GPT A 5 ik 5 2kt 9
Jei A (GFP) 9 C 3y il 5 JF %% 40 HL RO 22, 3 i 5%
6 OB AT AR 1 e B 2% A KT GFP AR K B2 4 i K 1
I IE HEAT T 20 Hr s [R) I 38 AN s) 00 8 5 7K1 X
GFP Filt & 5 11 AE AN ) I 301 1) R IR AR HEAT T HE ST

1 MRS ik

1.1 ##

L1.1 BEHRFRAL: L CAKRE Tub (pyrd ) Ny JRAT
4 Bk [ 2 1 #K (American Type Culture Collection,
ATCC MYA-256) %, TA kulox pyrd & 1 pyrd J&
[A () ¥ ki 5 J3 B GPDA-Pro:: GFP, afchiB: : chiB-N-
signal-GFP F afchiB: : chiB-N-signal-GFP-MP1-C )
RS2 0 % R R AR Y

112 SEFEMEFEE RHEEARFE (MM,
Minimal Medium) > 2% %% %%, 0. 5% (NH,),SO0,,
1.5% KH,PO,, 0.005% FeSO, +7H,0, 0.0016%
MnSO, * 7H,0, 0.0014% ZnSO, *+ 7H,0, 0.0037%
CoCl,, 0.6% CaCl, 1 0.6% MgSO,*7H,0; [i] MM
TSI S mmol /L 1) bR 13 2 ) T 85 72 AR5 Tu-6 1)
PRAFEEFE 3 (MMU) ; i) MM SR8 00 1 mol /L ff) DAL
BT A ) 5 A0 7 P A 0 3 B 2R 46 (MMS) ; ) MM +h

AN 15 % B9 3 g B 45 2 ¥ A 1 520 B IR A
(MMA) ; A% 8 7 WS B FR 2 PDA Bi g k. K
BAERARR 256 L 28°C #5987 -9 d, B4 L8 1
KR 2 R JE WA R B Kl A R
T T AR B SR B, 28 C ik g B 9% -
L1.3 i 7 #0 1Y 88 18 %&: PrimeStar HS DNA
Polymerase Jl [ TaKaRa 2 w], FR i ¥4 4 1) g 1%
Fermentas 24 7], LB H NEB 2 @, GFP H. o [
PUR W B Abmart 22 7], Bk VE B B2 g A Ad 1 5T W
IgG il [ Promega 23w, & [ Mg 10 1 771 A0 41 i B 71 1k
fit} 1 5 Sigma A &, F A — 9 & 9% (PVDF) JEE I H
Millipore 2y 7], BCIP/NBT Solution i § Amresco 2
w) s FEAM AR B O [ e o A Al R AN AR e
Y B O KL GSHSR Al Avanti™ J25 (Beckman 24 )
I B0 ML XL90 (Beckman 2 &) , ¥ ¥ T 11X
(Stone Ridge A ) » 1F B 7¢ ¢ B M 55 (zeiss A #])
BT HLVKORI L JRAR DG B (BioRad A 7)) o
1.2 #HikigE

GPDA Promoter 7 %\ 3 UL i ki GPDA-Pro: : GFP
HRERR, 4 PCR - 19 3R 43 16 40 th 52 )L T i g B
(ChiB) N i 15 5 ik £ %1 afchiB N-signal & DL i i
afchiB : : chiB-N-signal-GFP Jy #i ki, 4 PCR ™ 14 3k
151 ; GPDA Promoter-afchiB N-signal fli & DNA H B
¥ GPDA Promoter 114 14 i B Fl afchiB N-signal
4 88 Fr BAE LO TR & TLARAE 4 Bt 18 1 S S
fit PCR K431 o A @ NS W& 1,

F1 HEMEFRRAIRSIY

Table 1  Primers used for plasmid constructions
DNA fragments Primer names Primer sequences’ (5253
GPDA Promoter Pro5~ GGAATTCGAATTCCCTTGTATCTCTACAC
Pro3 GGTGGAAGTTGCAAAGCGCATGGTGATGTCTGCTCAAGC
afchiB N-signal chiB-5~ CCCGCTTGAGCAGACATCACCATGCGCTTTGCAACTTCCAC
chiB3~ GGGGTACCGCGCGCCTCCAGATCAGT
GPDA Promoter— Pro5- GGAATTCGAATTCCCTTGTATCTCTACAC
afchiB N-signal chiB3~ GGGGTACCGCGCGCCTCCAGATCAGT

* Ttalics indicate the restriction enzyme sequences

R 1A HAK GPDA-Pro: : chiB-N-signal-GFP-MP1-
C [ 8 UL KL afchiB : : chiB-N-signal-GFP-MP1-C
HEHR. EHEER PCR 13 5] GPDA J5 31 M
M 75 AChiB N S £ 5 Ik 2 6% P 71 (€ it & DNA
Bt GPDA-Pro-afchiB N-signal. ] P& I ¥ A 1) B
EcoR1 1 Kpnl 4y 3 %F it ki afchiB: : chiB-N-signal-
GFP-MP1-C Flgh4& DNA F B GPDA-Pro-afchiB N-

signal XU U, H Bk R 905 (5] 0SCAH B (¥ 8 50 77 4 S
Sl 5 R RE S % PR il DNA v BE = 1:10 (1) B
JREGS F T, DNA 820 4°C B 00, KNV AR R A
10 uL.

R IKF K GPDA-Pro: : chiB-N-signal-GFP ¥] ¥
@ LLFORL afchiB : : chiB-N-signal-GFP Jy 4%, H 4
BAE R ik .
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L3 BERABRERKEL

$ I Gruber %5 A (¥ 77 4 27, 6 M 1) 05 3
5 TA kulox pyrd JL# AL BL[GAK % Tu-6. M H:FR
Fe MMS | Bk Bt 1 B3k B L B s s A 1
MMA [ A5 R, 28C i R 4 -6 d, L AE KR
I AL OB 3 It T AT S0 3 1

LT I At Bl A 0 R A D AR RO B A
FU NTERI 4 T 00 A KR A o & Ji 2B B 4k i
I35 38 s A5 5E ) PEG 1 73 5~ 5 Mk Ji2 41 i B 77y
AT 11D T A7 ) 18] A5 5 4k DNA 3 1 1) K /N FIAE 52 LA
Lo H IR 38R g e A0 3R 1) JBE R BE 1) 55 DR 3% RE % S
FRMREAL R P L O T X BB R B () SRR 5
WA HEAT B A & 104k, JATTxE i 21 10 i 4
ot X 2% 23 0 24T T A4
1.4 FREEMES gfp FikKTH Real-time PCR
|

B K& B RNA 328 M % 5% 4%
Fermentas 24 ) [1) 3 771 & U6 B E AT AR S 56 SR HT AR
X R R AN [ IR ) Rl gfp 1R GE K BEAT
Real-time PCR frill o 44 482 {5 4% [ TaKaRa 2w )
e A5 REAT
L5 BERASHRABHIEURMRES S

VB AA B 7 2 AT L I 30D A L PR B e A 1 e 2
HI PB 2 p b e 3 U, B % BB R b AT zeiss
Pt BB AE 450 — 490 nm Pk 6 IE IE R W 841
%[27] s

K PB 2z ol vt I 22 ] 0.5 mol /L ) DL
BRSO AL T 2 - 5 min PP PEAT RE 4y B9, 9% % B4
AR S CN
1.6 FERAMKEMIE

FQUAR 2 5% 5% I 39 £ A %5 181 225 H] 50 mmol /L PB
DEPRVE 3 di o K R 22 T ZE RN 30 U/L I8 A
Wi K 37°CAbEE 3 ho KWl Jm (10 1 22 1 PB 22 ph i
Ve 3, LEREAN Ko BELE TRCEMET
ML I 1
1.7 ‘REEEEERRER

AR % 22 IR 78 22 WEEE I\ Cell Wall
Extraction Buffer I (200 mmol/L Tris-HCl, 20 mmol/L
EDTA, pH8. 0) fil PMSF (£Kk %5 1 mmol/L) , & F
4°C, 70 MR T 22 A o B K UOUE AN BE B 43 TR
T M E, % 25 pL/mg B Lk 61 3 & T Cell Wall
Extraction Buffer 11(50 mmol/L Tris-HCI1, pH7. 8) 1,

AT B L, B2 EIE IR B i Al o), R b
BE1 Ko ¥z 25 pL/mg 1y L 4] K T V€ & T SDS-
extraction Buffer (50 mmol/L Tris-HCl,2% SDS, 100
mmol/L EDTA, 1L B—éﬁ%&@?) g1, Z ¥ 10 min.
FAAZP R 3 o WA R0 b i (LR
S g R 59 1 S B Oy X g i BE A E M R A
Sy 9 fy 44 Sk SDS1. SDS2 FI SDS3. M K it & 1Y
ddH, 0 PEPLHE 6 Ko Ve R L IR TIFMRE. 1%
10 L /mg 4 BB 1) ¥R T B0 B 22 vhoin A B g 2 J 1
0C, 4b 23 ho B BVEFFUIIE. B LT
8 R il e . B R B R T W T
1 x SDS-PAGE EAFZEph i, BEAT 5 2505
1.8 BERASH¥{LFEHHR Western blot

T K i 22 SDS-PAGE 43 ) J5 6 # 1| PVDF Jjit
b, % F TBST (10 mmol /L Tris-HCl, 150 mmol/L
NaCl, 0. 1% Tween20, pH8.0) [f] 5% it Ji§ 4 ¥ &
M1 ho F PVDF i 21— ik B b (1:1000)
37C A1 h 8 4°C A8t - AR5 H] TBST P fi 6
W B ¥ K 5 AP-conjugated anti mouse IgG (1: 5000
Fike) i H o VRS # | Amresco 2 H] U0 B 5 H
BCIP/NBT Solution 3% .

2 4

2.1 GPDA-Pro : : chiB-N-signal-GFP #1 GPDA-
Pro : :chiB-N-signal-GFP-MP1-C /K&

GPI 1 H ) ¥ iz Rl A7 BE 75 22 N 3 45 5 Ik
i 2 C o GPT A5 Tk DIBLIRAIAE GFP &M N
i A B LT SRS B Y N S 4E 5 Ik /E GFP
WA C & 7 M5 GPI-CWP AMMplp 1) C i
GPI A% 5 fik. DLECEIE M 4 %8 5 3) 1 GPDA JH 3)
TR S TrpC 28 b7 O B P R IR R 2 e 1
& T # Ak GPDA-Pro: : chiB-N-signal- GFP Fl1 GPDA-
Pro: :chiB-N-signal-GFP-MP1-C.

2.2 BRABNRERKEL

2.2.1 ERABHERRKRES: N TEICE 4 M 5k
AR EG AL IR L, AT 597 713.19.25 F1 31 h 1)
HURARE Tu-6 53 I REAT T A2 B e Al S35 93l
Girk AR, JE X B IRR T OIS B
W Z MR RBEAT T 508, i R 1 frose 7k
KR W2 s i 4k % . SPSS £ W) 48 3 2 A 4y
e W1, W & A7 BT o5 LE il 72 P <0.01 KF B 5
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Fig. 1  Effect of growth on transformation frequency. 108 spores of T.
reesei Tu-6 were added into the MMU liquid medium and incubated at
28°C with constant agitation at the speed of 200 r /min. At different
periods from 7 h to 31 h, the T. reesei cells were collected and counted
the ratio of different growth status under the microscope respectively.
Vectors were transformed at different periods and the transformants were
counted. ( @, transformation frequency; WM, ratio of germinating

spores; A, ratio of un-germinating spores; @, ratio of hypha.

2.2.2 BEBERERET HITCAmE T 7R
A ST A T B 992 0 T A e R BRATT AN i EX
15 Ffs 43 50 F e ATV REAT B2 BAR A SEIG , it 5
A E . B2 KW, L MgSO, 1E 48 1E ki
F AT LA B d5 i 16 5 4k 2% (63 AN § 4k F /g DNA)
Hk 2 DALALEE (9 A 54k 1 /g DNA) , fH iz iz />
T DL MgSO, 1Ei51% I fa e 7 I (3 4b R . 4l ik, 3k
Ak, MgSO, A& L PG AR 87 i A2 A4 8 44 b a4 1
BIE R EA
2.2.3 PEG I TEFMRE LR (KB 3A,
B) , it & PEG [y T ik & PEG [, #6f 5
AR B AR A 0.

7 PEG 15 W, 4> v &, PEG 2000 ft % )W ff)
B Ap G PEG 3350.4000.6000 i1 8000 FL 45 4
L4k % PEG 10000 X I ) % 1k % B v, ik )
100 44k 1 /g DNA. H T3 1 & K T 6000 [
PEG Buffer 71 % Wi F 23 1R P42+, AN F T K I [a] £
A7 DG A 5 S8 1 52 56 vh 3R AT T3k B PEG 4000 1 2 Jit
A TR AR 5 T 5

{EX] PEG 4000 ¥ J5 11 A0 A6 Hh R I, 28 B ol
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Fig. 2 Effect of osmotic stabilizing agents on transformation

frequency. Five different agents were used to maintain the osmosis
during protoplasts generation. Then vectors were transformed into 7.
reesei cells that were under different agents treatments. The
transformation frequencies of different osmotic stabilizing agents”

treatment were compared.
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Fig. 3 Effect of PEG molecular weight (A) and concentration
(B) on transformation frequency. A and B 10% spores of T.
reesei Tu-6 were added into the MMU liquid medium and
incubated at 28°C with constant agitation at the speed of 200 r /
min. Then the T. reesei cells were collected and treated with the
cell wall digest enzyme. The mixture of the protoplasts and
vectors were treated with various PEGs and different PEG
concentrations. The transformation frequencies of different

treatment were compared respectively.

2.2.4 Y B EE G 1L B RO AL 32 B 8] - A A RE WY 1k I Ak
60 min 0J DL 3k A3 d e 1 AR A R (K 4) .
S b BRI 8] /> T 60 min ] DA SR A5G AH [ 1 45 5
B R 7 A D AR A B 08 78 43 2B G T S 2R S0 b 3R
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Fig. 4  Time course of cell wall digestion enzyme
treatment. T. reesei Tu-6 cells were cultivated as mentioned
above. Then the cells were collected and digested with cell
wall digest enzyme for different times and the protoplasts

generation frequencies were compared respectively.

2.3 GFPRERFBEAEABSEKN TR EMRIX
Xl

FRATT 53 ) AN B S5 7K ST RN B F K7 X R [ gl 4 4R
FITE AR B A [F) AR K I R IR S b AT T 2 fire
Real+time PCR [ 45 S 0] LLF 5 chiBgfp 1314 &
FEAR B A K R B e (B 5A) | chiB—gfp-mpl ]
56 B0 K B Ik B g v (] 5B) o chiBgfp KA
g e AR A AH 22 75 f% 5 10 chiB—gfp-mpl A AH % 5

PR AT 1 2 A & B an &l 6 BT 7, ChiB-GFP 7
A BE AN ) A2 I S ) 2 1 B AR A A 5 R s K )
A Ak Fa AT ), 04 B AR S T, R
32 mg/L. 4R ChiB-GFP-MP1 [¥) 75 {k, it 34 55 % 5%
TR (1) AR A e 35 RN ()5 308 & i v HH IR A
PG WA I (2 10 mg/L) 17 AS A2 85 36 K F 1) o $ 4:
K.

2.4 ChiB-N-signal-GFP-MP1-C Bt & BB W E L

W B ROR B B A0 1 40 ol BEAT BRE 4y B, R E T
T MBE T M (7). WK 7a, b, d, e ]
DU o 76 & 81 8 F K ) ChiB-GFP-MP1L H )
T 3 Ak 40 B 22 T > A B 0 40 i 5% T 9 A R O
WOk IR K % ChiB-GFP AN gt I 78 # 16 + 41 i
0 (B 7g, hy j, k) .

MM E AR K X CF G 8 K & GPDA-
Pro: : chiB-N-signal-GFP-MP1-C ¥4k, 1 347 AL F, 5
KA AE T 40 22 10 1) 9 06 K T B 1 B GPDA -
Pro: : chiB-N-signal-GFP %% 1k 7 % f K L 25 1k (
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Fig. 5 Transcriptional levels of chiB—gfp (A) and chiB-gfp-mpl (B) in
different growth phases. In A, the expression of chiB-gfp increased to the
optimal peak at the mid-stationary phase and then decreased. The
expression level in the log phase was used as a standard. In B, the
expression level of chiB—gfp-mpl decreased and maintained at a stable
level after the log phase. The expression level in the log phase was used as

a standard.
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B 6 ChiB-GFP #1 ChiB-GFP-MP1 £ AE 4 K B9 1 F B £
B RIE
Fig. 6  Translational levels of both ChiB-GFP and ChiB-GFP-MPI1 at

different growth phases. Black bar, protein level of ChiB-GFP ; gray bar,
protein level of ChiB-GFP-MPI.

Te, £, 05 1o

AT 35T ChiB-GFP-MPL {5 & H 1 5E
A7 LA R 8 5 R % 40 i BE 1Y 3% 42 U7 50 FRATT R I T AN
[ 948 73 (0 A 2 40 L BE 2 15 JF T 9T GFP () 9 g B 47t
X} AT T Western bloto

A1 LI L BE 2 I A 4 P BE iR B b AT AR AL
e WA B o 72 SDS 4 U ¥ & 3 b 9 AR N
GPDA-Pro: : chiB-N-signal-GFP-MP1-C ¥4k, -1 41 iy
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ChiB-GFP-MP1

ChiB-GFP

7T BLETFELHRAERHEUER

Fig. 7 Observation of plasmolyzed mycelial cells by fluorescent microscopy. Transformants at mid-stationary phase (a, d, g and j) .

Transformants at post-stationary phase (b, e, h and k) . Fluorescence micrographs (a, b, ¢, g, h and i) . Differential interference

contrast micrographs (d, e, f, j, k and 1) . Proteinase K treatment of transformants (¢, f, i, 1). Each scale bar represents 5 wm.

BER AP EATIR I TRk, e TR
240 45 kDa, KT LR 7> 7 &1 32 kDa, #EJ X /2
T 5 GFP il 5 i AfMplp BBl 3k 4k 3 i i) (&
8) .

kDa

1 2 3 4 5
— 55
45
— 35

B8 BERASHULFHMEER SDS EHWIMOH
Western blot 4

Fig. 8 Western blot analysis of the SDS fraction of the 7. reesei cell

wall. Lane I, wild type; lane 2, T. reesei expressing ChiB-GFP in
mid-stationary phase; lane 3, T. reesei expressing ChiB-GFP in post—
stationary phase; lane 4, T. reesei expressing ChiB-GFP-MP1 in mid-
stationary phase; lane 5, T. reesei expressing ChiB-GFP-MP1 in post-

stationary phase; M, Marker.

F A X W B B GPDA-Pro:: chiB-N-signal-
GFP-MPI1-C # 41 AN E A UE4T T Western blot ¥
WMo 45 kDa [0 5 AL & F A1 & W AT T 46 B
JL5 BT B 0 LR 6 WKW . 32 kDa [l Bl
AR P B P 5 ORI, S0 i 2R 1 A 22
RETRCH K 1540 kDa () 45 48 #E I 2 ChiB-GFP-MP1
A 56 4B R A T X (B 9) o

ZEE 9L MBI Western blot )45 5, T Ai175 H
451 : ChiB-GFP-MP1 fili &5 5 F 7T € [0 &5 1 HL G
N %5 41 JfL BE

3 itig

H i k2 5o i 3 1 0k RS H L U B W
VAL S RIS AT IR, ATy
PR T SV LA T A LI 5 40 2 1 A0k R
25 Ky gt v i 7
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B9 BRKAKSZ GPDA-Pro::chiB-N-signal-GFP-MP1-C

Y F B 5N B3 B Western blot 4 #7

Fig.9  Western blot analysis of the ChiB-GFP-MPI in culture
supernatant. Lane I, T. reesei expressing ChiB-GFP-MP1 at pre—
stationary phase; lane 2, T. reesei expressing ChiB-GFP-MP1 at mid-
stationary phase; lane 3, T. reesei expressing ChiB-GFP-MP1 at post—

stationary phase; M, Marker.

il % AMplp & — > 1 284 A SRR 41 B
A HEEEMEA, BT MK GPICWP. H gk
A A AFE T T /R J8 38 35 F W ( Penicillium
marneffei) - B B% BF (Saccharomyces cerevisiae) F1
10, &2k H (Candida albicans) 41 B 5% [ v i) 57 4E 2
o5 Qs e I 22 S IR R O R B (29.93% ) 5 N
Sy PN I SE AL IR 5 IR C 3 R 22 08 AR (34%)
R BN s B 5 2 . s B R,
HH 260 f 2 LR A o A7 mlo S25 5 T 1 A BF 5T
KW, AMplp [ C i 50 /> % K R AT LL v s 41 i
BESEAL. UL, R AMplp (9D BERF, 3L C S Y
GPT & F4E %E AL A5 5 3 41 B A K 82 1 D€ A7 21 41 i
BERIRE ) ol T B RCOR %5 1) 40 i 32 1f 2R B i A9 0
RN 93 M ELAE G DY 4L T BT R L AMpLp
o [R] a1 PR B AT 22 0Ks AfMplp ) C 3 50 A
WA LR E ML IR E M TR IRAREE, U
SR A B E AR IL .

TE A S 56 3 1) 1 I 5 e B M ot LT R
R B (¥ N S5 o — NI W5 P .
ARG, AT H 5 GFP (¥ N i fill 5, PR GE
GFP d H I I N T4 s .

AT, FATLL AFChiB (1 )5 8l 1 1y JE D 3 ik
FETCAt s (H 5 B2 1R 52 56 3R WY, RS 46 10 B oK P i
I, TGV L 2 50 SR, BRI, AT AR T R B
ith 2 gpdA JE PR (0 JE 87 KGR 4 DNA fil& v B
Ko
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Abstract: [Objective] AfMplp is a glycosylphosphatidylinositol (GPI) anchored cell wall protein (GPI-CWP) identified
in filamentous fungus Aspergillus fumigatus, which contains a specific C terminal signal for cell wall localization.
Trichoderma reesei is known as a safe fungal species (GRAS) and widely used in the industry. Thus, developing of the
cell-surface expression systems in T. reesei is of industrial interest. [Methods] The GPI signal from the A. fumigatus
AfMplp was fused to the C~erminal of green fluorescent protein (GFP) and transformed into T. reesei. The optimization of
T. reesei transformation and the expression profiles of the GFP were investigated in detail. The cellular location of the GFP
fusion protein was detected. [Results] Fluorescent image analysis and Western blot analysis indicate that the GFP fusion
protein locates on the cell wall of T. reesei. [Conclusion] According to these results, the GPI signal from A. fumigatus
can be recognized in T. reesei and the expression system constructed in this study can be used to express heterogeneous
protein in the cell wall of T. reesei.

Keywords: Trichoderma reesei, Cell-surface display system, Aspergillus fumigatus, GPI signal
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