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Construction and Application of a Lentinan-Specific Fluorescent
Probe Based on a Carbohydrate-binding Module

LI Jingmin, XUE Changhu, MEI Xuanwei, LIU Guanchen, HAN Jin, CHANG Yaoguang’

(State Key Laboratory of Marine Food Processing & Safety Control, College of Food Science and Engineering,
Ocean University of China, Qingdao 266000, China)

Abstract: This study aimed to obtain a lentinan-specific fluorescent probe for the in situ visualization of lentinan. A
carbohydrate-binding module with potential lentinan-binding capacity was discovered in a $-1,3-D-glucanase by using the
bioinformatics techniques, and further recombinantly expressed. The binding specificity of the expressed protein, which
was named as LBM was determined by the microtiter plate assays. The results indicated that LBM displayed a desired
specificity for lentinan. The protein exhibited positive binding signals to lentinan, while could not bind to several examined
polysaccharides including barley p-glucan, curdlan, or konjac glucomannan. Furthermore, the first lentinan-specific
fluorescent probe was successfully constructed by fusing LBM with a green fluorescent protein EmGFP, based on which the
in situ visualization of lentinan in Lentinula edodes was realized. It was shown that lentinan was not only presented in the
mycelial cell wall, but also amorphously distributed in the interstitial space and inside the cell. The construction of the

EmGFP-LBM provided a promising tool for the in situ visualization of lentinan.
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T E B R & R m s, B8 OIR TR
T S SRS B . G, VRN IRE
Koy W, BA \EEAGTEFAEIRE . T
Z Wi (Lentinan, LNT) 2 M T IAR I HAF 1) —5
2N, FIEIEHE S S S BERLST AT B-1,6- RTINS
L B-1 3 RBERT, Fam v E A YUE . BUR
B b fe . PO PUIAR R GeZEYE T SR 2 P A YIS
PE, BETOEAE ST I M 8540 T5 24,
FFIEEIGIRIGI 0, SRk =241, Fm et
FLYERBE N2 FHE 2 A F g & # b FE 50 0
] UL, B ok 20 EAA R 404 0N FH TS A AE i EDIE
M8

B 25 Z2 B 0 IR AN F 5T % P BH B s 2 W e B b
PSR . B Ik 22055 HoAthgH 432 (el i AH B4 FH L R
B 1l Z2HE B BB AR 1 52 R A L) S5 R 22 ]
K, MR G R AT B-1,3 -4 SR AL AT
ST/ NG T Y™, (BHZS 5, 32 3] B-1,4-H AT
P, fERESE DA RBR M. e S IR R
TR FE R EEZE T B, BT AR SR U B RE n] 15
e B R AT A S AR B, AR
R4S G 8 1 2 R e BB UAR RO K A5
2% & 4% #4458 ( Carbohydrate-binding module, CBM) .,
RN, ZWEEEH8 S 0TSy, S BE I ESs, uAhl & 72
BEIFERT, IREUAME" T, CBM 2K A& 9075 T
(carbohydrate-active enzymes, CAZymes) K IR 17
RIS SR, BA RSN s 668 ),
L6 R S R R R i A A e AR DT ECN Y, AH
BFPuA, CBM B RS/, AR Fric RIGEERR

ARG RN R ZEOCIRETT T N AT R
M. iR | RIS ZOG R o, H
BIfr&s 20 CBM 1R DLHRIE, Bk, $298 75 4% 208
CBM F #4745 SR 28 SGIR e X B i Z M 28t i
TOWEE BAT SEbRE o

AT A A YAE B 55087, 4 GHL6_4 FKjik
i B-1,3-D-Hij BEBG H R I T — RN GRS 44
i, iZEE MR B f-sandwich T BS54 . AT E
J1, p-sandwich J& CBMs fx F &=L, [H
B, CBM P45 4 fie 738 & -5 M E B b vs P AE
VEE, S8 Tk, #EX R A Ge g i B B 45 54
ahZHEEE ST o LASrTFAEWAHOR I Z G M AT
vElEFRIR, s alifb /58RI EHE M, 44~ LBM,
B J5 B 8 LBM X &4 2 WE 045 G a8 1. IFiE T
LBM 54508 H m -G 3R18, M @ ok 2 B4
SEEDOAREY, IR IR T A 22 0 O
ELATA T
1 HRSTT
1.1 #RSEE

4 (Lentinula edodes)
k2

HEELETg; F
4liFE =96%, [ il; B H B R (AliE =

99%) . K B-Hi M (4l =95%)
H; BELE B 2l =95%, JbatH IR AR A R
oNE] HAEER 4li)E =99%, S5 E Sigma 4\ Al £F4E
K (LliFE=99%) . USRI RE  Jbat RIEFT A F];
pET28a( +) &k & 3£ Novagen 2\ # ; pRSET-
EmGFP #{& ZE[E Thermo Fisher 2% &); KIGHFE
BL21(DE3)/BSZAS40M  Jb T A L R H ARG R
Z5H); 96 FLR 351 Corning 4 &l B i SR AL W BilF
Frid 6xHis PRI PATTREP IR & [E Proteintech
/NEIR

Agilent 1260 HPLC & 20 & #H (2 3 Agilent;
Milli-Q Advantage A10 #B4i/KHL  HEERFTA 7l
3. 10 kDa @B .08 EEZIHLAF; iMark B
PRI 3% [E BioRad 2\ Hl; AKTA Start 25 FH 4lifk &
4t . HisTrap™ HP. HiPrep™ 26/10 Desalting 3£ [E
GE E1fnFla#; FD5-3T ¥4 T/#4HL  GOLD-SIM 4
#]; Tanon5200 4= H hifb22 RIS T R G Ll
KEERHE AR F]; £ CM1860 VI HHL  fE
[E £k EJF; NanoDrop 3%[E Thermo Fisher 23 Fl;
NIKON ECLIPSE ClzZ&yt B %8s H ARJEHEE; F-
4600 ZEATEEEETE  HAS HITACHI A F],
1.2 SEWFHE
1.2.1 FIHZHERBS K AR Wang S50 1
Jrids, R KR BEDIIR R 2k Z2 0, 2 WES514 R -
1,3 Bt 7 42 1 R SR B s 2Bl & bl R I A PR
LTI R, WSS HH s SRR (o R TR I 2 5 S B
P06 S OO 8,33 . Agilent 1260 HPLC; 4,1
#¥: TSKgel SuperAW4000; 5 il #% : RID; i 35 AH :
0.2 mol/L NaCl; Jii#: 0.5 mL/min; £:{5: 40 °C; A0
THRE: 35 C.
1.22 AEWAERB Y58 FIH dbCAN'®, CD-
Search”!| Interproscan”! Fl SignallP 5.07" 4 4% {2
T p-1,3-D-F] RBERE TIGIuA 19751 S5 Ik 4844,
FEf# FH AlphaFold2P Tl 28 (1 TIGIuA 19 = 44
. BfEiE L ExPASy T EAE H IS F &
FAEER AP,
1.2.3 Mk S RERIE S5 HE T LBM
MSER PP 224 i T 75 0k, AL PCR AR
PIEEHMERE, FIFHIER 5-AGGAGATATACCAT
GGCCATGGGCGCAGACATTC-3"FlJZ [0 514y 5'-
GGTGGTGGTGCTCGAGCTCGAGACATCTCTTG
ACAATTTTAGGT-3'¥"#4 4% LBM 3L H T3 .
¢ PCR 7~ 9 ali 4k It 57 i R 1 4 P9 )  Neol/Xhol
ATV, 42 5] pET28a(+) A b (£ 8 N i
His #7%%) o W ELH BRI i% A6 2= KA BL21(DE3)
BZ AWM . BRI AR AR T SR
30 ng/pL RABEE ZE MY LB B3RP HE 37 °C FI%3%
Z ODygy 155 0.4, £ 17 °C F, FIH 0.5 mmol/L -
D-FACEFPETAS 16 h )G EEREATTRE . KR
HET 20 mmol/L PBS(NaH,PO,-Na,HPO ) £%

R GO
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2024 4F 10 A

(pH7.5) t, 7S WA, BSO8R s, 1538 & A
LBM MFH SR S o
1.2.4 #FEBE4ifk FHH HisTrap™ HP #£ Ffl AKTA
Start & Guzlifb >k A 40 Mo 2R il B 6x
His #5 25 19 & 2H 45 14, Jf £ 0.3 mol/L NaCl 1)
20 mmol/L Tris-HCl Z&#w& (pH7.5) 1Lk 0~0.5 mol/L
WK s e B8 EA T AR BE R, WSCAR S8 /MBS i g 2
417 o ¥ FH HiPrep™ 26/10 Desalting P 20 mmol/L
PBS 2% ik (pH7.5) X L AT it £ . FIIH SDS-
PAGE(160 V {HJE, 50 min) S #ralifb i E . _FAERTHY
eSS Ni AR S 2l B Ay (Mw) . (il
NanoDrop Il &8 H BT Mk . aifb/5 I EHEH
TSGR R
1.2.5 56 Fe ST AR SEHT A e T e Al
RPNk 22 . R - SRNE | BESS R
58 H R SR i AE A8 (NaCl-Na,HPO,- 12H,0-
KH,PO,-KC1) % #h ik (pH7.5) H, 2 vk B2 ) 2Ny
50 pg/mL. HX 100 pL FIRZBFESESINZ 96 fLAR
F,4 °C FTAEMEE . BEfEHEPZE R (F 5% i
BWIA AL S IR B PR TP R Es S . A
Al KPS, MU 100 uL F AL 9% 22 vh i b e
B LBM (4353128 0.78. 1.56, 3.125, 6.25, 12.5.
25. 50. 100 pg/mL) F1 ¥ A T & 1k ¥ 1 45 ic
6xHis HR 25 (4 B0 58 [ PR (0.2 ng/mL) , &R W
2 he {8 FH U ZEBERE (TMB) & 4 15 min, 3£
1 molVL HCl Z& 1k W o %), 76 450 nm &b & 1%
JERE, KIS EE>0.2 B, HlELs &% LBM 5%
e E R
1.2.6 ZCHREMIME IS ASEEMA LBM F
B BA) B 2H SR AR A4 B H AYFEEAL, TE 715 [ A0 7]
S5 9Kk 5'-TCATGGTATGGCTAGCGCAGAC
ATTCCTAAACCCAGACTCAC-3'F1 5'-TGGCGAA
TTCGGATCCACATCTCTTGACAATTTTAGGTG
GTACCAAG-3', ¥ PCR yp=¥yaifb (i AR il 1 N
Y] Biff Nhel/BamHI 2 17 fff U) , If- i £ 8] pRSET-
EmGFP #ffrb, B350 A Bohi i A BL21
(DE3) 4 7E &4 60 ng/ul 2N H AR M LB Hi3%
JLHAE 37 °C. 160 r/min F#EFTE53% . #IR LRy
FHATE AN R4t . KPR E A R
EmGFP-LBM.,
1.2.7 ZHCRMIMETER  RYE Kawakubo 550 [
FEFSE P 6% EmGFP-LBM 5 e fsr4i s
PILE G RETT, B 2 mg IR ZBERE SR 100 pL 2656
%% EmGFP-LBM & (1 mg/mL)ZSINZE 20 mmol/L
PBS L (pH7.5) 1, EVAFLN 200 pL, FH7E 25 C
TR E 30 min, £5.0>(10000 r/min, 5 min) 3=
EFEPZ4MEA, fH 20 mmol/L PBS 28 ik
(pH7.5) ¥ 3 IR, LIRS/ N OGRS {E
bt o BFFE SR EEE T 40 ul 20 mmol/L PBS £
(pH7.5) v, BU/bEAE S & T4 A, T8 55,

AT WA 7T X RTE AR, LIAERI
BRSGHT A (1 s) 0 S %R, UK IS S 58 B i 22 55
FLG AR PR G
1.2.8 ZOGIREN PRI Pt
ST 72 LA PR S (Ex) R 913+ (Em) -
TE Ex fl Em AHEERYIEBL R, FE 285650 BE 2 LA 0,
$4 B Patterson 4507 e 2 ¥R ET 1Y pH Fa &Pk,
FH HC1 5% NaOH #7522 #¥% (50 mmol/L B 1iR = —
4. 50 mmol/L JC/KEERR4N . 50 mmol/L H &R ) iy
pH Z 3~10, A 1:100 [ Lb IR R CIRET, FIFHZE
FEACICEE T DR ET I AR R K L K S
KT S
1.2.9 2PN DCBONES BB e 35 4 ) 21
ZUEHIAE OCT AR, T—20 “C ¥R 15 min /5
LA 10 um #E47 VI R o R SEELE S H 2 e A,
[ a2 LAY AP in A CFW 5 EmGFP-LBM HYIE
AU (19 IR G LB, A= T E 30 min,
20 mmol/L PBS £ vh# (pH7.5) P& 5 min, ffi
PG AR AR W €030 3 Rl 2R (R T AR
1.3 HIEAIE

BRLH LG E T AT 3 IR, BRI EAAR
WEZEFR R . BAEAFR Excel, Origin Fll NIS 4541
HIAERE
2 HBRESH
2.1 EMEERFESH

AHFFE R A YME B A AR CAZy Bl
B-1,3-78 FEBEBE 1 S5 A AR BEA T 43 BT, 76 GH16_4
FIGEH R T N B-1,3-D-Hi B TIGIuA (Gen-
Bank: AEE89454.1) , JLJF 4 54 i N ¥ {5 5 Ak
(1~15 V& FERR) . GH16_4 11k (129~439 74 3t
iR ) Fl— R RE I S5 F R (16~119 72 LR ) 4H
% (E 1A) . AlphaFold2 & G5 TN 45 5 W7, %

A

1 100 200 300 400 500
[ [

I\

KEnhE s
gﬁmﬁ“ GH16 4 skt

E 1 TIGluA BYITFH 45k 500

Fig.1 Domain architecture analysis of TIGIuA
TE: A. TIGIuA (25 544 ; B. TIGIuA 1 = 4E 2544 il i
@ AR RESS I, x (7l GHI6_4 FKIRE5 I
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RANIHRELSAPIR LI p-sandwich PrEL5H (18] 1B 5
taERSY) o B-sandwich P18 & CBMs I EEITEHIE
KM, [FRF, 2T CBM MISEEHE T W S5 H = i
AT PR —38, BRI DI BEAR N D RS F A I8
— A F s WA G HETI CBM,
22 mERESHEETFHNR

el LBM 3L A B, 4 KA BL21
(DE3) " 5 eik . Bl 3m bR A2 HT AN
W alifb B AT 6xHis fr2ZEE4H LBM., 4lifbid
LBM £ SDS-PAGE 43#7 I i n B — 45 (& 2A),
Mw 294 14 kDa, iX S5 FEMIEIS Mw(13.3 kDa)$2%
i, Jf Hid Ni #2)5 28 B W7E SDS-PAGE 787 4%
B W55 (F 20), RHFE A C R ThFRAIF2lifl.
SN T 25T LBM X s 2P LS A hE S, ST
SR vRD R s 2200, R AR R iR 12 2
ZhEE R 2R 96%, FllFH Bradford 35 E & A &
29°8 2%, @i HPLC Rl & 3l 2 3l s — 14 (& 3A),
T WA AT, ORI e IR R, 2]
P LBM I X 4 W BE LS S5 5, iz
E AL S 2, IXUESE LBM S B H s
PSS-S RE I CBM. KA1, LBM AR 280 H Xk 2
BTN | BELS 2 A e B T H B R4S S Re )
(F 3B). FiR&H0, LBM HAT X 4% 22000 B
WA AR SR, SRS B T HAE IR X o i 22
MRV IR LSS, A A ikt fo oAt Z gl i T ik
IS EE R AT S

Ao I B 170 €170
130 | 130 130
100 100 100
70 70 70
55 55 55
40 40 40
35 35 35
25 25 25
15 15 15

kDa kDa kDa

%2 LBM HyFik4h
Fig.2 Expression of LBM
W A glifb HE 4] LBM B SDS-PAGE 43 #7; B. K 4lifk & 41
LBM KJ SDS-PAGE 4 #7; C. 4 LBM i Ni )5 A 5515
f) SDS-PAGE 73 #7 o

2.3 BELIEHFFMTOLRSTRME
SRSk 2 WE R DG R O, ¥ LBM 4%
526 H EmGFP @il & 2235, g 2 28 e R4t
EmGFP-LBM, #4liftf) EmGFP-LBM 7E SDS-PAGE
SrHT R B — 25 (ULEL 4A), Mw 24k 43 kDa,
% 5 W B EEE Mw(40.7 kDa) 4237, Jf Hid Ni 4%

A 2500
2000 -
@1500-
E
£ 1000 -
500 -
0 T T T T
3 4 5 6 7
PR EE S 1E] (min)
B 08 ; .
» FELH O KZ -
O BEGE Z o AR H R
E 0.6
(=]
[=3 4
£ 0.4
%?g :
0 ’ ’ ’ : .
-05 0 05 10 15 20 25

lg LBMVJE (ug/mL)
3 LBM W45 G RETI 00T
Fig.3 Binding capacity analysis of LBM
TE: A 4 ZHH) HPLC (3% []; B. LBM HYSE S HEFPERIE.

kDa

WEAE (450 nm)
- = N
S w o W

4
[

0
0.5 . 15 2
lg EmGFP-LBMi& ¥ (ug/mL)

Kl 4 EmGFP-LBM ML 5455681047
Fig.4 Expression and binding capacity analysis

of EmGFP-LBM
e A 4lifb 20 EmGFP-LBM f SDS-PAGE 43#7; B. #:4lifk
T2 EmGFP-LBM Y SDS-PAGE 43#7; C. 40 EmGFP-LBM
i Ni A3 J5 0 %535 Wi i SDS-PAGE 43-#7T; D. EmGFP-LBM [
G FESERT Y
JAZEBEWAE SDS-PAGE 4 &I BidiE3 (8] 40),
U HAniE B Rk If4lifh.
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FHFEZEMNLT LR IE p-1,4- 00, SH4E 2N
L5 BT B AR, B E el b Ae e R X
BRS04k 5 4 S PR IIE 5T 45 R AT LWL %% 5 b
EmGFP-LBM ¥ 3 (1448 iy, HoXoh 7 2 22 08 00 BH A 4%
HAE TR ETHEE (K 4D), THZERE T LIS &
w2l Tz GE TG E IR T ist 2
BEIUSE G RE TFSE, X T EmGFP-LBM X 72 & 5
LFYERINGE G, RAPOC RIS TIIE, 4558
7~, EmGFP-LBM X F 52 R A 4E R %7 o
LR TR 5C~5D), ARG IZIRET X H 52 3 FLt
RN AE L A5HES) . XK EmGFP-LBM &7
1 ZZ R SRR ET

N
»

< %o 02500 pm

— 3
D

500 um

[

K5 EmGFP-LBM f2¢ )6 R isE%
Fig.5 Fluorescence microscopy image of EmGFP-LBM
TE: A, C WSRO CHER; B, D M4 R
SRR

3D P KRS R, EmGFP-LBM s fE
W kU N & ST B 1K 43 5 D 480 nm AT 510 nm
(& 6A), FEgta 5 'R A I ZECRFMEARL, X R
# LBM 195 AFF AR X 2 G HR 1 R5 e 1 1 5 i o
EmGFP-LBM W2 GHRETE pH6~10 Z [BIAEXTFa e
(I 6B), X EKIiZHEBEME T L R ZEE Mk R
N o EmGFP-LBM N &4~ BT &G 2 bR vk
ZE A RETIMDSCERET, Hazer 7eetkfefaxe, B
RAF B T
24 BHEZEHRMRCRSERMMARFIIA

B 1 ZZ W0 ) JELASE 53 AT S I BH A 22 B h 24 [a) ) 5C
B, AN 2 ZEWEAE T 4 v A S S AT , B A 2k N T
SRR RN AR . SRR 2R AT AL T
H, 254 LBM 54288 1 EmGFP fl 53
ik, WA AT 2Bk 2 WA 7 DO RS EmGFP-
LBM. A T P TS R T SR 7 s 228 AN AT A0
A T ELB ] 4774, FIFH EmGFP-LBM % 35 %5 H () 75
wHZZNEVEAT T RIS . [RIRS S T 288 26
ANTE Z 0800 53 AT, AR KRB A5 IR 9856 G 11
(Calcofluor White Stain, 4] #rR CFW) XJ 75 % (14 FP
FEER L YERIATYLACOY, anEl 7 TR, FER 4R
LY HR RS E) T KR SR DGR (A
W DA T IR 22 At BE (€] 7C), RIAH 72 R

2024 4F 10 A
3110
2721
2333
1944
-1555
1166
777.5
388.8
0
400 450 500 550 600
Em (nm)
B
100
80 4
=
60
s
N
# 40 4
20 4
O T Ll T T T T 1
3 4 5 6 7 8 9 10
pH

Kl 6 EmGFP-LBM ({2 45
Fig.6 Fluorescence properties of EmGFP-LBM
E: A. 3D gLk B. pH X HAO IR A2 . Hr,
PR R KARTC A 100, HEAEAHRNHATIH—fbAb 3

K7 FaEALY) o0 M EE
Fig.7 Fluorescence microscopic image of tissue section of
Lentinula edodes
A BIKEUR A IS B, KBRS CMEF; C. R
% CFW Fric 19 H1 58 % M1 2F 48 % 5 D. Ja ¥ K1 1% EmGFP-
LBM tRici & as 2. A AT RMAHER, @i
IR

LT AL RN RSV E WAL B 22 AU BE; 2 (0 DDGRR
YA T R ZZAMRE b, I FEL AT T B 2Z AR P
FNZHIEE B CE 7D) o HAT, AR HOE S T i 2
WEAE B 2 B S AR S, (FX 5 Z B iy -
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