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Abstract: [Objective] Based on the existing problems in the current cell surface display systems, we
aimed to establish a novel Saccharomyces cerevisiae spore surface display system with strong
universality, better stress resistance, and higher efficiency and stability. [Methods] Firstly, according to
the characteristics of immobilized enzymes in S. cerevisiae spores, we searched the potential
chitosan-binding modules with high affinity with the chitosan layer of spore wall by referring to
literature. Then, the binding module was fused and expressed with green fluorescent protein (GFP) and
the affinity ability of the binding module with the spore wall was verified in vitro and in vivo. Finally,
we selected a-galactosidase (MEL1) derived from S. cerevisiae AH109 to evaluate the efficacy of the
novel display system. [Results] Firstly, we selected a carbohydrate binding module 32 (CBM32)
derived from Paenibacillus sp. IK-5 chitosanase as the chitosan-binding module. Next, the fusion
protein CBM32-GFP, which was expressed in Escherichia coli and purified, was co-incubated with
ditlA spores, and the result showed that CBM32 exhibited good affinity ability with the spore wall in
vitro by the localization and intensity of GFP fluorescence. Furthermore, the fluorescence localization
and binding ability of CBM32-GFP in ditIA spores proved that CBM32 was tightly bound to the spore
wall in vivo. Finally, we replaced GFP with MELI1 in this display system. Compared with those of
spores only expressing MELI1, the activity of spores displaying CBM32-MEL1 was increased by
68.65%, with the highest specific activity reaching 460.59 U/g DCW (dry cell weight), and the
reusability was also significantly improved. Moreover, the stability and operability of MEL1 were
enhanced. [Conclusion] We constructed a novel S. cerevisiae spore surface display system based on the
chitosan-binding module for the first time, which provided a reliable cell surface display platform for
the eukaryotic proteins with multi-glycosylation sites and multi-subunit structures. It also provided the

theoretical basis for the industrial application of immobilized enzymes in spores.
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Tl A W A0 4 T S 7R R A A 5 P 3
it DNA SEAEARSMNERE 2 2 IREE R 518 3
FEE MR E B RS 5 A s B, FIHZ
i B I E VR TR A MR R 1 s 2 R TR TE AN
fTE N VR A FEANAE F A R R R 2 PR Y
YIRS T-, AR Saig i b AR 20
B, OREA e LB REE, AR T B
B AL AN LA, LR N TE 40 i 2 T Y T
AR R AR E RS i 52 1
R, R TE R R T T R R AR R TR A L A
PR TR BE IR B 2R AT 1T 2596, SR R AR R AR
AETE— SB[ WP AR AN BB B R o Tt Ry &
1, A U5 B e R Gy s 20 N T AR IR Y
E A= R G B Y RS SR A At
WPEBERR S , HXT KT 2 WL (1 5 i 2
BPRIMEDY s ZEFLE R L AT R R, AR ]
RE B R R E PSRBT R kA AE
(IR, JF A TE MR . PUI RS | AR E Y
FRHNMER LA F EEMRE L.

TR T e 5% A 40 O L S R 6y o — Rk
IR, HEkZ BIENEMET, 2ok AW 20
BB R 4 AR, fFREl 4 )24
F, MW EISMEICH T #E0E)= . M RmZE . ot
B2 DA e R AR )2 T4 [ 5 AL
ST T REM R IR ZE R, LA TAE b — P 2
TR A AL, e Tl % 2 B ] o A 67 RE I
1 50 RME 2 X 2R 0 s IR FH B 3802 AR 25
P I R 2 R ARAE T, TEEE R rhRA
e G N R S B /L B (= N | s A g =
BF, 8 2 e e R Z I AR )= 2
U0 DT T B A0 < fof e 48 [ 22 AL il . S2 56
R T — RS IY ATRE B e T T
Wk, ABEFEHRIT dit] A SR T Rk g
il FEE RN RS T DITI 3 W& 5 R
MR 2 G AR R TP S — 20 RN, BRI SR R el

S HIETF R E R ST R
ERTER 3R, TR “flF 7o Mk .
FERTHADEGE R U R e BB 2 I el
W B VE AR dit] A 1R RN AR R AR
55 H A IS IR 9 £F 4 T (AN120, osw2A Al
chs3A) [ 72 AL AR b B By, R & (A
REIC58 . MffthxX —ndl, SRR A
MG ditlA HFRESCRBEZ R EME N,
POR R 15 JR 7 78 4 i 9 1 1) e 25 2 1
FVER 4k (linken) #E 47T HIC,  FEAI R AIER 1
e B2 = R BT, bR Y R R
f T BN REE(E 1), DLIK B S Bl A
AT FHRE ST B A o BRI W RE AR R S — R
RV R R 3k, HR R 7R iy 2 A 7 S 5
izt HEA RS Wikl
2 % T R /8 AR R VR 9 22 W Ak 6 B 1 K
ZWEAHE AR TN ER S
kKA B W 45 & 1t (carbohydrate binding
module, CBM)Z H A i /Kb &9 245 61 1 (A 0%
fiih — B HA M &4 mm ik, =25HH
iR AL S PR 4E A FRSIT . Qin Z Al Lin
SR CBMS56 il &5 5 e 2 05 i e Sk
AR, M RBEES CBMS6 @l 3Rk, 5K

Substrate Product

o

LS
S

»
o *
% H W
L Chitosan-binding module
N
Beop XX O

e /
D x %
ditl A spore 'd

Chitosan
layer

Enzyme

1 ERBESATRERAMAREE
Figure 1 Schematic of Saccharomyces cerevisiae
spore surface display system.
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JE, X 2 AN XEUE F CBM32 FiE b, HA 5
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i) CBM32 (U — DG A BT £y
Paenibacillus sp. IK-5 5 CBM32 7 DD1
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Table 1  Strains used in this study

Strains Characteristics Sources

E. coli BL21(DE3) F~ Omp Thsd ThsdSg (rB-mB-) gal dem(DE3) Laboratory
E. coli DH5a lacZAM15 hsdR recA Laboratory
E. coli/GFP E. coli BL21(DE3) containing plasmid pET28a-GFP This study
E. coli/CBM32-GFP E. coli BL21(DE3) containing plasmid pET28a-CBM32-GFP This study
S. cerevisiae AN120 MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 Laboratory

(wild-type)

S. cerevisiae HW3

(ditlA)
ditlA::his5+/ ditlA::his5+

leu2/leu?2 lys2/lys2 RME1/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3
MATo/MATa ARG4/arg4-Nspl his3ASK/his3ASK ho::LYS2/ho::LYS2 [10]
leu2/leu2 lys2/lys2 RME1/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3

S. cerevisiae AH109 MATa trp1-901 leu2-3 112 ura3-52 his-200 gal4A galSOA Laboratory
LYS2::GALIUAS-GALITATA-HIS3 MEL1 GAL2UAS-GAL2TATA-ADE?2
URA3::MEL1UAS-MELITATA-lacZ

ditIA/CBM32-3HA S. cerevisiae ditl A containing plasmid pRS426-TEFpr-ss-CBM32-3HA This study

dit] A/GFP S. cerevisiae ditl A containing plasmid pRS426-TEFpr-ss-GFP This study

dit]A/CBM32-GFP S. cerevisiae ditl A containing plasmid pRS426-TEFpr-ss-CBM32-GFP This study

AN120/CBM32-GFP S. cerevisiae AN120 containing plasmid pRS426-TEFpr-ss-CBM32-GFP This study

dit]A/MEL1 S. cerevisiae ditlA containing plasmid pRS426-TEFpr-ss-MEL1 This study

dit]A/MEL1-3HA S. cerevisiae ditl A containing plasmid pRS426-TEFpr-ss-MELI-3HA This study
dit]A/CBM32-MELI1 S. cerevisiae ditl A containing plasmid pRS426-TEFpr-ss-CBM32-MELI This study
dit]IA/CBM32-MEL1-3HA  S. cerevisiae ditlA containing plasmid pRS426-TEFpr-ss-CBM32-MELI-3HA This study
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Table 2 Plasmids used in this study

Plasmids Characteristics Sources
pET28a pET28a empty vector harboring 6His tag Laboratory
pET28a-GFP pET28a harboring GFP gene This study
pET28a-CBM32-GFP pET28a harboring CBM32-GFP gene This study

pRS426-TEFpr-ss-aradA-3HA

pRS426 empty vector harboring TEF promoter and CYC1 terminator  [15]

pRS426-TEFpr-ss-CBM32-3HA pRS426-TEFpr harboring CBM32-3HA gene of N terminus fused ss  This study
pRS426-TEFpr-ss-GFP pRS426-TEFpr harboring GFP gene of N terminus fused ss This study
pRS426-TEFpr-ss-CBM32-GFP pRS426-TEFpr-ss-GFP harboring CBM32 gene This study
pRS426-TEFpr-ss-MELI pRS426-TEFpr harboring MELI gene of N terminus fused ss This study
pRS426-TEFpr-ss-MELI-3HA pRS426-TEFpr-ss-MELI fused 3HA at the C terminus of MELI This study
pRS426-TEFpr-ss-CBM32-MELI pRS426-TEFpr-ss-MELI tused CBM32 at the N terminus of MELI This study
pRS426-TEFpr-ss-CBM32-MEL1-3HA pRS426-TEFpr-ss-CBM32-MELI fused 3HA at the C terminus of MELI  This study

x3 KMRFAASIY
Table 3 Primers used in this study

Primers Nucleotide sequence (5'—3")

GFP-F GCGCGGATCCATGGTGAGCAAGGGCGAGGA (BamH 1)
GFP-R1 GCGCCTCGAGCTTGTACAGCTCGTCCATGCC (Xho 1)
CBM32-F1 GTGGACAGCAAATGGGTCGCAATCTTGCATTAAATAAGAC
CBM32-R1 TCCTCGCCCTTGCTCACCATAGAACCACCACCACCGGATCCGCCATAGACTTCAAATTCCC
CBM32-F2 GCGCGGATCCAATCTTGCATTAAATAAGAC (BamH 1)
CBM32-R2 GCGCCTCGAGGCCATAGACTTCAAATTCCC (Xho 1)

GFP-R2 GCGCCTCGAGTTACTTGTACAGCTCGTCCATGCC (Xho 1)
MELI-F GCGCGGATCCTTTGGGGTGTCTCCGAGTTACA (BamH 1)
MELI-R1 GCGCCTCGAGTTAATAAGCTCAAGAAGAGGGTCTC (Xho 1)
MELI-R2 GCGCCTCGAGAGAAGAGGGTCTCAACCTAT (Xho 1)

CBM32-MELI-F

CBM32-MELI-R1
CBM32-MELI-R2

GGGAATTTGAAGTCTATGGCGGTGGTGGTGGTTCTGGTGGTGGTGGTTCTGGTGGTGGTGGTT
CTTTTGGGGTGTCTCCGAGTTAC
AGTCAGGAACATCGTATGGGTATCAAGAAGAGGGTCTCAACCTATA

CAGGAACATCGTATGGGTATTAAGTAGAATCCAGACCAAGTAGAGGGTTAGGGATAGGCTTAC
CAGAACCACCACCACCAGAAGAGGGTCTCAACCTAT

The underlined are restriction enzyme cutting sites.

112 FERF URERIFHFE

PrimeSTAR GXL DNA B4 . 2xTag B4
fitf . PRAIVERZ IR N VB Ligation-Mix 14 12 il
% H TaKaRa 2\ F]; Multi Quick Cloning Mix
[Fi) 5 o 2 I R A A R (R0 A R )
PCR =¥y alif . B a1 SCRn Bk i 4 3050 6 B
A TAEY TR E#) AR T s SDS-PAGE RN
K5 Tk e B A T 1) 30570 2 . Blue Plus 11 26 (A FR

i . Anti-HA Mouse —#1F1 Goat anti-mouse IgG
HRP 4 Bt e E VR AR AR A A

Anti-GAPDH Mouse —J1lJ H Proteintech 23 7] ;
Clarity™ Western ECL Substrate I {451 4
Bio-Rad 23wl JBE &% 19 FT B V& BE B (Arthrobacter
luteus lyticase) 1 X i 5 4% 5 -o-D- ML MR > 2L b
H(pNPG)Ily H Sigma-Aldrich /A7) ; PNGase F
Mg A b A 2R ARG BR A W] 5 A
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57 H MedChemExpress /A Rl . #8755 il iYL
(P 5B e AR W RHE A FR 23 ) ; SDS-PAGE #E Ji
HL Pk {X (Bio-Rad A 7)); £ g B (L (BioTek
A7l); ImageQuant™ LAS 4000 (GE Healthcare
2wl POEENE BB (Nikon A w]); WEHkT
HEHL(EYELA A7),

(1) LB #5373 (g/L): BREE IR 10, L8
10, BERRRY 5, BUlEHY 20 (MRS 3R 48); (2) TB
B (g/L): BEAK 12, Bk 24, 1
i 4 mL/L, KH,PO, 2.31, K,HPO, 12.53; (3)
SD-Ura Bt BIRG S5 5 (e/L) : J0 % I R 19 B /U
(YNB) 6.7, Hik Ura (R ZRIESYIMAE 2, H#i
ZiWE 20, Bk 20 (EASEFREL); (4) YPAce 35
A (g/L): WEERHS 20, IR 10, BRIEER 0.03,
LIRER 205 (5) FEuEEFREE(g/L): LBRE 20,
1.2 FRfiiE

CBM32 kIR T 25 28 #0 ¥F 18 (Paenibacillus
sp. IK-5, J5i44 Paenibacillus fukuinensis D2)5¢ 3R
Wil (GenBank: BAB64835.1), H: X % 41(801 bp)
H1 R R A2 R (1) A R 2 W) 6 O AR 40 T
T P 05 I G e R AT AL, a2 UM i
(MELI,GenBank: LN997416.1)JE[H M S. cerevisiae
AH109 H15afE , IF 2Bk B B 4355 k(R
J¥%1 % . MEFAFYFLTACISLKGVEG). 7R #HF
gl Sprl (7 AR SR R AN B SR
fity, 259001 BE MY A2 M 20 W55 IR 5 AT i
PEER IRLG , © I JUR AT i 1l 0 21 A1
RE 1) s 2R 2 R e R 2 22 T2 AR5
N THE dit] A 18 REFRTH IR B, 4 Sprl
H H 5 5 BK(Sprl signal peptide, SS)/F¥ 51l (A
2 %41}y : MVSFRGLTTLTLLFTKLVNCN)5 it
WL TP Rk H B8 T N Smfl G o

FH TR B BRI = RN
GFP SR MtEAR, #5149 GFP-F/R1 43415
F| GFP 2N, 4 BamH 1 Fl Xho 1 X i % 2
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#| pET-28a # {4 I, 15 2| H 4 ki pET28a-GFP.
PLoCBM32 FE W ¥ 4 S BAR, R H 5
CBM32-F1/R1 ¥ 113580 CBM32 A [R5 &
HFN % BamH 1 WYL VEAL TR, pET28a-
GFP I, 15%| &4 fiki pET28a-CBM32-GFP,
PL CBM32 Tl GFP B[P 5 AR, FIH5IH
CBM32-F2/R2 Fll GFP-F/R2 435|453 PCR 444
i CBM32 1 GFP J:[H i Bt , 735l i%: 4% 3 BamH
I il Xho 1 XE§Y) 5 H) kL pRS426-TEFpr-ss-
araA-3HA I, 3155 24 Fiki pRS426-TEFpr-ss-
CBM32-3HA H1 pRS426-TEFpr-ss-GFP. BamH |
Al Xho 1 XUV 5k pET28a-CBM32-GFP 155
CBM32-GFP Rl &35 Jr B, B4 pRS426-TEFpr-
ss-GFP 1) GFP JE[H, 153 ik pRS426-TEFpr-
ss-CBM32-GFP. UL S. cerevisiae AH109 T& £ 5t
K2 DNA b, 3 %I A 514 MELI-F/R1 .
MELI-F/R2 %3 PCR ¥ 3415 8] MELT 3£, &
BamH 1 Fl Xho 1 W EY) G 84k pRS426-
TEFpr-ss-GFP [ GFP 5& K], 4371115 21| 5 20 Tk
pRS426-TEFpr-ss-MELI F1 pRS426-TEFpr-ss-MELI-
3HA. DL MELI JEBF9 AR, 43 3R 5]
¥y CBM32-MELI-F/R1, CBM32-MELI-F/R2 %
i PCR ¥ 3815 20N MEL1 Fv Bt 43 5 [R) 5 5
HFN 2% Xho 1 BV LML TR, pRS426-
TEFpr-ss-CBM32-3HA I+, 15| F 4 ik pRS426-
TEFpr-ss-CBM32-MELI F1 pRS426-TEFpr-ss-CBM32-
MELI-3HA, H:ff, GFP Hl MEL1 ffi f#: 3k
(GGGGS);*'V3 55 CBM32 1 C i gr . ¥ b
WA HE ) pET28a A ik % fb 2] E. coli
BL21(DE3)H #1115 5315 ; pRS426 # A4k BTkL
WAL AL A ditl A AR RE R bR
P il
1.3 CBM32-GFP 1 GFP EERRIEFME
AEEREL

W oA EA R Y R VR AN 5 mL &
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HEIRE R (50 pg/mL) LB Fgekdr, 37 °C
PEIREE 3R 12 h, AR5 ¥ | mL Fl 755 35 55 75 51
A 50 pg/mL RIABEEZE MY 100 mL TB K73
o YA ODgoo 155 0.6-0.8 B, AL Mk JiE
A 0.1 mmol/L W5RENIEE B-D-1-HifCFLpET
(IPTG), 16 °C BEFRIXEHEN 20 h )7,
9 000xg &.0> 5 min AN, FFEHEIFE
50 mmol/L Tris-HC1 Z& ik (pH 7.5)+, FEvK b
BT AL, Z )5, 12 000%xg &0 30 min 3
MBI A NS R M2 Mk S & T
afifk, H&A 500 mmol/L BEMEAY 50 mmol/L
Tris-HC1 Z& Ml (pH 7.5) BE I A EH . f)a,
FH 50 mmol/L Tris-HCI (pH 7.5) 75 #8 I8 vh %) 4l
b T TR AR T L . alifb iR R 7
20 °C FARAFAEHIH(10%, V/V)ydh . i BCA
A R I ) G I B VR L b
Tt P2 4 - 3R TR s T e B¢ ¢ +EL UK (SDS-PAGE) 43 #r
I T A5 E A R P ) ek K R4
1.4 CBM32 HIFRE R RAMTAEN

N T AEARSMTEAL CBM32 5 dit] A # TR 1)
GEARE T, BMRIE N 0.1 mg/mL 4ifb i) E A
fE H CBM32-GFP/GFP il A %] 200 pL Z. PR #H 2%
M (50 mmol/L, pH 5.5)/F, FEANA 1 mg itk
T ditl A 1, F I IRAYITEZ TR 800 r/min
THE 1 ho RMERE, A PBS Sk

(200 mmol/L Na,HPO,4, 35 mmol/L KH,POy,,
2.74 mol/L NaCl, 53 mmol/L KCIl; pH 7.2-7.6)

WA FIRG VRV 3K, IR 10 min, ffHZO0
{88 s E MERR T CBM32 BRSNS A RE ST .
wJh, KAl FEET 200 uL PBS & ohi, JF5%
R3] 96 LAk, {8 FH 2 Ty R b 4 ORI 2 €5, 58
SR, b, BB 485 nm, KHTEK
A 528 nm?, AERER AT EEE, KOG E AR ElL
FHTF ) ODgo"

K TASCH Y pRS4A26 [Tk AL 5] — A%

RERI R R vk, BAOPBRAE . 20k
EEEFE 12 h A EEREAIM, S A 50 pL i —
LA [50% PEG (80% V/V); 2 mol/L LiAc
(10% V/V); 1 mol/L DTT (10% V/V)| T 2 i,
JA 200 ng BTRiIES), F 45 °C T H 30 min,
ZJa WA F SD-Ura ¥4, F 30 °C Ki3#4H ik
7% 3 do KT AEREERES T 7 A S alifb 7 ik
Rt Z w5k, R 2% KAc %71
ZJE i B B A AT T AT TRV R T A
T#E55, 37°C., 220 v/min fff 3 h 247, Z)5
AR 10-15 min (BETE 55, 152 55s), 3%
PR B B0 F-, FEF 0.5% Triton X-100 i
UE 2 WE, WURTRRVES R T A Ak A 1
—20 °C AR A, FRTFRBGA T 7 # R it
T/ .

N T 3L CBM32 1E dit] A #1724,
B4 5Ok, pRS426-TEFpr-ss-GFP 1 pRS426-
TEFpr-ss-CBM32-GFP 4 J 54k 3 ditl A Btk p
W, oI e, H PBS ik E
I A GBI O T R AT 9 A
£, W F R CBM32 5 ditl A fil FRESS B RE
HI#F5E, LA pRS426-TEFpr-ss-CBM32-GFP # 4k,
AN120 BpAE RUEEREAR 7S BHEXT RR, B 2 mg
FT a7 FH &4 0.1% Triton X-100 () PBS
% WPRAE 500 r/min R 50T, MR 3K,
K 8-10 min, & T A 20 ARG 46 1Y K]
h, B R B UETE AR [R5 08 B DL LA (]
WG ] TR A . X TF ok E i R BE ik
M, AT 3 L EAS[FEIR 4R 45 0 24
Y6, K A NIS-Elements AR Analysis 04X 4
[7] /N DX I3 T PN~ 347 A 0 1) 2 D't i JE
17 53T
1.5 EBERRENESH

¥ 10 mg 2l fb VR T 96 18 0% T 300 pL 2§
P4 BCZE wh i [0.2 mol/L 111Z4fE, 50 mmol/L
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AR EREAL, HYOEREE GFP 1 4.6 f5(E
2C). BFsEW], CBM32 i@ i i H A B AE FH A

AR S B A AP, R Al A
CBM32 1 GFP W L4555 #FiAH BRI 5 5¢ R b
MZEGREI RS . DL BSR4 3R], CBM32
FERSING dit] A 8RB AT BRI R FIRE ) .
2.2 CBM32 BB FRARRIEF EAL
T Wi E CBM32 1E ditl A 1 1-h i 23615
#t, 7€ CBM32 ¥ C %l 3HA 7345, HEM
PG vh i B I BT8R 1, E4T Western
blotting fa i . Z5 R a0l 3A Fron, HEHEAK
/NFg 35.5 kDa, {HAE 40.0 kDa Z= 4 /il 5] 2 4%
B 5 o 1 X A B ZE AT I CBM32 19 %
BRITFINAHT, KIS 5 ME AR N
B (5352 CBM32 Z IR 74 R %R 5. 74,
81, 210 A1 218 i KAMEME), H b
PNGase F Zb B FIFE S, RILALELZ J5 1) —
EEARF R AAAE 355 kDa 47, R
CBM32 A 7 i B A ke AR A AR (A5 2 1

TR

(A) (B) ditIA spores (©)
kDa 1 2 3 4 5 6 GFP CBM32-GFP 35000 -sBefore washing #After washing
1500 £ 30000} I
BF 8 I
700 Pt CBM32-GFP 5 20000
50.0— W< 60.8 kDa 8 20000 [
400 S 15000
()
30.0— g 10000 .
25.0— FITC = 5000t 1

ditlA (-) GFP CBM32-GFP

[# 2 CBMB32-GFP #£ E. coli BL21(DE3)F BIFRIA L K& CBM32 5 ditIA B FEEHIRINE S RES

Figure 2 CBM32-GFP expressed in E. coli BL21(DE3) and binding ability of CBM32 with dit/A spore wall
in vitro. A: SDS-PAGE analysis of CBM32-GFP expression and purification. lane 1: protein marker; lane 2:
the whole cells extraction before induction; lane 3: the whole cells extraction after induction; lane 4: the
supernatant; lane 5: the precipitation after cell disruption; lane 6: the purified protein of CBM32-GFP. B: the
fluorescence images analysis of the binding strength of the CBM32-GFP fusion protein with the dit/A spore
wall after washing. Spores were observed under a bright-field (BF) or fluorescein isothiocyanate (FITC)
microscope. Bar, 5 um. C: quantitative detection of the fluorescence intensity of CBM32-GFP bound to dit/A
spore wall; Error bars represent the standard deviation of three independent experiments.
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Primary antibody: anti-HA
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3 CBM32 7t ditI A BB 0 F AN AR IE (A)FIE LL(B)

Figure 3 Expression (A) and localization (B) of CBM32 in dit/A yeast spores in vivo. Bar: 2 pm. A:
Western blotting detection of CBM32 expression; PNGase F(+): CBM32 was treated by PNGase F enzyme.
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4 CBM32 5 ditlA BB 18 FEMNTRNLESEED

Figure 4 Binding ability of CBM32 to dit/A yeast spore wall in vivo. Bar: 5 um. A: the fluorescence images
analysis of the binding strength of the CBM32-GFP fusion protein with the dit/A spore wall after PBS washed.
Spores were observed under a bright-field (BF) or fluorescein isothiocyanate (FITC) microscope. Bar: 5 pm. B:
quantitative detection of the fluorescence intensity of CBM32-GFP binding to the dit/A spore wall after PBS
washed; Error bars represent the standard deviation of three independent experiments.

2.4 IGE CBM32-MEL1 #E#fFRERR o PILWHEE GFP, #F5¢ CBM32 Kl &R
EELOE e AR BT [FREHD, FRAT7E MELL ) C Sk

CBM32 L (RSN R F N IR Z 5, FATT 4 3HA $R%%, Western blotting #:Jll CBM32-MEL1
AFTRITTIE BRI S ML OB I R IK fe R R R P ik . G551 SA PR,

A » B
(A) @Q’ B)
@w\\ @“’W » D
NS
O NE AN &8
WA 8> v o
kDa N D e

120.0 — == 1200 —==e 4
—_— — ——
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70.0 —  —— k. — — .

Secondary antibody: anti-MHRP 7 )

- MELI1
40.0 — = 40.0 —=
— - Internal reference: GAPDH
Secondary antibody: anti-MHRP  30.0
30.0 — .

5 ditIA #8F R E R~ MEL1 #1 CBM32-MEL1
Figure 5 Surface display of MEL1 and CBM32-MELI1 in ditlA spore. A: Western blotting detection of
MELT1 (57.2 kDa) and CBM32-MELI1 (86.8 kDa) expression; B: MEL1 was treated by PNGase F enzyme.
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Figure 6 Activity of MEL1 and CBM32-MEL1 displayed on the dit/A spore surface. A: spores activity; B:
total activity of during sporulation; Error bars represent the standard deviation of three independent

experiments.
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Figure 7 Effect of temperature and pH on the activity of displayed CBM32-MEL1 on the dit/A spore
surface and free MEL1. A: effect of temperature; B: effect of pH; C: thermostability; D: pH stability. Error
bars represent the standard deviation of three independent experiments.
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Figure 8 Reusability of MEL1 and CBM32-MEL1
displayed on the dit/A spore surface. Error bars
represent the standard deviation of three
independent experiments.
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