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Weizhu Zeng'?, Runging Tan"%?, and Jingwen Zhou'??

1 Science Center for Future Foods, Jiangnan University, Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China
3 National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract:  Scleroglucan is a high-molecular water-soluble microbial exopolysaccharide and mainly applied in the fields of
petroleum, food, medicine and cosmetics. The high molecular weight of scleroglucan produced by microbial fermentation
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leads to low solubility, high viscosity and poor dispersibility, thus bringing a series of difficulties to extraction, preservation
and application. It is important to explore suitable degradation method to adjust the molecular weight of scleroglucan for
expanding its industrial application. Taking Sclerotium rolfsii WSH-GO01 as a model strain, in which functional annotations of
the glucanase genes were conducted by whole genome sequencing. Based on design of culture system for culture system for
differential expression of pB-glucanase, endogenous pB-glucanase genes in S. rolfsii WSH-G01 were excavated by
transcriptomics analysis. Functions of these potential hydrolases were further verified. Finally, 14 potential endogenous
hydrolase genes were obtained from S. rolfsii. After heterologous overexpression in Pichia pastoris, 10 soluble enzymes were
obtained and 5 of them had the activity of laminarin hydrolysis by SDS-PAGE and enzyme activity analysis. Further
investigation of the 5 endogenous hydrolases on scleroglucan degradation showed that enzyme GME9860 has positive
hydrolysis effect. The obtained results provide references not only for obtaining low and medium molecular weight of
scleroglucan with enzymatic hydrolysis, but also for producing different molecular weight of scleroglucan during S. rolfsii

fermentation process with metabolic engineering.
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HZH 1 SDS-PAGE #illl: B 1 mL S &
M & B, 12 000 r/min B0 5 min, 2= L3, i
A B ZE KA ODeoo N 5.0 iy, HA
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Fig. 1 Changes of molecular weight of scleroglucan
during fermentation process.



BEE FS5RIVERERIRMZERKEENZSEREINEERIE

Trametes versicolor FP-101664 SS1
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Fig. 2 Phylogenetic analysis of S. rolfsii WSH-GOL1.
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RO 5 e B A DG L IR AT D RBIE R S, R
WA 5 R PERE AL DG Y BRI 200 >, AudEf
KA & W4k A48 (Carbohydrate-binding modules)
KGR 68 1~ /Kb & YR (Carbohydrate
esterase) FE[A 14 4~ MK B (Glycoside
hydrolase) & 82 A~ . B H 54l (Glycosyl
transferase) JE[H 30 4~ WE 24 il (Polysaccharide
lyase) L 6 1 (5 1). 455 F U8/ MEH
WSH-GO1 HA /M T8 e R A v 1
2.3 MWW AREFEE&HIRT

BOADT IS LB, /MR IR K T ferp, 7
B 7E A2 I 0 T I e TR SR A, /MR IS i
RE R RAE G IR 2 R B T R, IR R TR
I HE s ) B SRME BTG PR . R T, Bt T
PRI SR ME R R FRIR R (R 2), DURTSAHEML
1A A B 22 S I 25 1Y) 7 B O

o e ek B B SR TG PR A B, FEORIIE
AFEEFRR T A EHEAEERT, k2 3d
IF, ISk B SRMH K Al Tl 1Y) TS 2 5 B 2, I
ity 3 IR R R JLP R A I B, R R SRR R
B ARG TS 15 8.62 U/mL (1 3). RWIFER

% : 010-64807509

0.5 0.6

Fz1 FENKE WSH-GOL ZHERREBER %
Table 1 The distribution of polysaccharide degrading
enzyme genes in S. rolfsii WSH-G01
CBMs CEs GHs GTs PLs
No. No. No. No. No.
Sr.WSH-G01 68 14 82 30 6
CBMs: carbohydrate-binding modules; Ces: carbohydrate
esterases; GHs: glycoside hydrolase; GTs: glycosyl transferase;
PLs: polysaccharide lyase.

Sample name

x2 ATREFEBEBEFER
Table 2 Different enzyme-producing systems
High enzyme system Low enzyme system

Scleroglucan  10.0 g/L Glucose 10.0 g/L
NH,CI 3.00/L  NH4CI 3.00/L
Yeast extract 0.59g/L  Yeast extract 0.5g/L
KH,PO, 1.0g/L  KH,PO, 1.0 g/L
MgSO,-7H,0 0.5g/L  MgSO,7H,0 0.5g/L
Citric acid 159/l Citric acid 1.5¢g/L
KCI 0.5g/L KcCI 0.5g/L
107
[_1Low enzyme system
High enzyme system
38
E
=5
z Of
Z
E
o 4
E
g
3 2t

o 1 2 3 4 5 6 7 8 9
1(d)

3 MMFEIERERRPRAEINGE
Fig. 3 Extracellular enzyme activity under two enzyme-
producing conditions.
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FSE 2 2 BUEAT R 91408, HE FILE AEACHY
FE X #5351 1% 69.28%F1 70.95% . 1 i HeXF HE Al
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TIETETIRE, &R R PSS R A
IR 5 FA5 G YIRE . R K R R R eSS
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1 M)A B MG (Exo-glucanase) FEPRAT 13 4>
NP4 BB (Endo-glucanase) FE[H (% 3).

25 PMEIERKBEBELEFESHEHRE

PRI 7 R SRR R R R RNA, R
J B S AL EE cDNA SO . MR 4 B 3543 1) 14 A4
KRG CDS 78, wits| ¥y 1s 14 /K i
ML R B, BTy 3G 10 A A B K5 3
[ 10 4~ Fr B DNA [m] 5 55 20 28 Be AR e B 3k 3 ik
PPICOK, FEAIZIARLMAL )T, MLk bR
W RE GS115, His H1 Mut 5 [ 5S4 57 1 BH 1k
b7, 2 PCR %56 11 PHE 5% Ak 35 by R It i 30
FHAY . PRECH M AL 3 PR e, H A
KWE 120 h, XA EEWK g3 T SDS-PAGE il
ARG 10 NHA RKBRR M EAFEE (B 5). 0%
B A A% 1 M Ab 5 2 1 DL AT 20 R R A T
K A BTG PR I 5, 2 PR 10 A1 A 26 1K 10 5 41 il
B 5 ANHA R ZHOKmIEY:, ¥R p-1,3-4
REmE (R 4).

26 MWiE B-13-BBERKEX/MIERK S F
=1-0pA

TS IR 58 5 A B B AT 2Rk
T %) PN T SR TR/ INAZE D B A T K i, AR
mE 6 FrR. KAREF GMES60 X /N Tl e 7K fift
J& , INERE I o T — e BRAIG, st ]
1 10.382 min #f:R E 11.036 min, %34 FHE
2.748x10" Da [#%Z 1.923x10" Da, i Hift 4 >k
ATV AL e R ea R (S

AL, GME9860 /K fiff Ji 1 /N T JE 1) 4 3L B2
BRI, R AR R RE T ST
e 2] 5 I A s 2 D e O P
ZHEW TR AR 98, @it Xt GME9860
K A BERE R UEAT Blast 4081 & B, TEAFFIEEA
ok 3] 5 3L GME9860 JE % AL JF 51 . H
W, BRI PSSR R RIS L 22 FL B Dichomitus
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Fig. 4 Enrichment of differential genes in GO database and KEGG database.
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F 3 SFE/NE WSH-GO1 # fuil &Y R IR Mz & AR K iR B £ [F
Table 3 The predicted genes of polysaccharide hydrolase in S. rolfsii WSH-G01

Gene ID LE FPKM HE FPKM log, (HE/LE) FDR (LE-vs-HE) P value (LE-vs-HE) Type
GME7035_g 0.00 65.33 12.67 0 0 endo-
GME9076_g 2.61 85.14 5.03 0 0 endo-
GMES8597_g 3.02 50.11 4.05 0 0 exo-
GME397_¢g 3.80 18.33 2.27 1.03E-121 1.53E-122 endo-
GME5220 g 1.66 6.36 1.94 1.08E-37 3.30E-38 endo-
GMES5221 g 0.87 3.18 1.87 1.95E-20 8.04E-21 endo-
GME2686_g 0.49 1.74 1.83 6.96E-4 4.84E-4 endo-
GME9860_g 9.54 31.48 1.72 9.38E-46 2.59E-46 endo-
GME9263_g 1.52 4.92 1.69 1.32E-15 6.06E-16 endo-
GME1000_g 5.51 17.57 1.67 4.82E-51 1.24E-51 endo-
GME3016_g 14.48 39.29 1.44 3.25E-61 7.48E-62 endo-
GME2879 g 3.85 9.90 1.36 1.20E-38 3.65E-39 endo-
GME10818 g 15.69 37.96 1.27 8.81E-77 1.76E-77 endo-
GME9629 g 8.29 16.60 1.00 3.14E-23 1.23E-23 endo-

FPKM: Fragments per kilobase per million.

kDa M 1 2 3 4 5 6 7 8 910 Il x4 BEBAR/NMZERKEEX RS EKEENE
Table 4 Enzyme activity of potential polysaccharide
hydrolases
Gene ID Enzyme activity
GME9629 g N.A
GME9263 g 4.20 U/mL
GME2879 g N.A
GME10818_g N.A
GME8597 g N.A
GME7035_g 5.24 U/mL
' GME9860_g 8.64 U/mL
6. e GME3016_g N.A
GME9076_g 9.30 U/mL
B 5 HiR%EKEEE SDS-PAGE HiRE GME2686_g 9.13 U/mL

Fig. 5 SDS-PAGE of predicted polysaccharide hydrolases. N.A means no enzyme activity was detected.
1: pPICIK; 2: GME9629 g; 3: GME9263 g; 4: GME2879_g;

. . . T 3000,
OMESERD. g & OMEMDNG g 10 OMEOTH g 11 | GNEWs ——auene
GME2686_g. E 2000t GME9076 — 2 g/L scleroglucan
squalens 19 5-%E i = R (5-oxoprolinase) FE[H, gﬂ L oool

HA 5% 88%, AHIMER 73%; HUE K H: g
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