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Cloning and Expression of a Novel GH134 f-Mannanase Gene from Thermophilic Fungus

Rhizopus microsporus and Its Application in Juice Processing
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Abstract: A thermophilic fungus, named HBFH10, was isolated from Luzhou-flavor Daqu and identified as Rhizopus
microsporus. A new f-mannanase gene (RmMani34) from Rhizopus microsporus HBHF10, was cloned using degenerate
primers, expressed, and characterized. The cloned RmMan134 gene had a total length of 552 bp without introns, encoding
183 amino acids and one stop codon. The expressed enzyme was composed of one signal peptide sequence of 19 amino
acid residues and the catalytic region of the GH134 family. The optimal pH and temperature for the recombinant enzyme
were 6.0 and 50 C, respectively. It had high thermal and pH stability. Its molecular mass was estimated to be approximately
18.5 kDa, and it was a glycosylated molecule. When konjac gum was used as the substrate, the K, and V,,, values of
RmMan134 were 0.66 mg/mL and 57.1 pmol/(min-mg), respectively. RmMan134 exhibited the best clarification efficiency
for orange juice, resulting in a 23.8% increase in its clarity, followed apple juice (11%) and peach juice (7%). Moreover,
RmMan134 significantly increased the yield of grape juice by about 7%. Overall, RmMan134 has good application prospects
in juice processing.
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I T e ok R s UK. Shimizu %5 7E #y 5
i R ORI T — A H SRR Sk, AR
GHI34XK . A A Sk 1) H 8 SR WE B 2 8] 22 80K, 3
#2GHS5. GH26FIGH 135K H 52 NG (1) 73 1 45 i 1 %
P B R BIAR AL, 2R (Bla)-TIMARAREE#, &
FGH-ABZE . MGH134 515 H 5 R PERE K 4 T 45
MR AR 2R, HEWEEE 2N —Ma/pir S 45
UL H AT, GHS S M GH26 5 % Sk U 1 H 5% 58 b il
Bt AT Tz 98, WA AR FIE, B RGHI34%K
T H i SRR R AROE 5 B Rb . BIH TR, HEHA
GHI34Z G H i RE G g i, XA R RN H e 5K
PR IE BN A R, PR T ZRE R —P N

K p E AR G — R R Y, R B
AR ESMH T E, HARERENED R
SbERE" . KR S E S R BEE T, B
VIvbE SR, g, MM RREZ MR, X
NEFHAEDI AR T EE R, FRE S
P A PSR B AR (50~70 °C) , KB D BE M AE M4
P 2RI T

IR, HTHREER. RK. EOirRmA
Wi g, RyFRRTTI RS K. HAr, RREY.
Ry BN AT RO i MR AR R N TR . SR R
FARBEFENL, ERAFRKREHITR, BEEHRE
FEER, RFAET M THE B2 AERKH
Fr. Nadaroglu V¥ Vst H 5 S0 E(E S v b i 7 P 3k
ITIRE, RIUH &6 S WERG T DATE SRy 60 v R 5 AR
Fo AR BT IR 70 T GHS % H #2 55 ph i NsMan5B
Xt RS SRV, R ILBRAE FIT 4, % E 4L
Xof A S (¥ FE A AN R AR BE I B vy, Hob it
EH PR 731.8%, SER. Mkt FE T TS E S
MR E 7% 4%F4% . T % T GHI34 R I H 8 JE 0k il
TEF AN 1 L A5 AH G IE

AR EHRTEHNMUIRE (Rhizopus
microsporus, Rm) HBFHI10: GHI1345 i H 55 5 b il 5t
RREAT e b . 3R IK KBty M R RO 78, R 7T L AE vk
TR A R T

1 ME5HE

1.1 MR

Ktk B AL RRABCGEME A R A R BRI RFGS115
AR pPICOKIA) HH AR 5256 % AR AT o

Trans 1 -T1. Fast pfu DNAE & e eXe4y
HAGRAT; T, DNAEGFECoR I. Not 1. Bgl TR il
FAVTE (KiE) ARAA; EAaEEidfa [
Bio-RadAF]; B IEFHDNASEEGAA &L BRI bi st
DNA[FIAIE bR REERHCARAR: AER.
FEEHR . M/RER EESigma @, REILg4EER

. R AR IR AR HAb G
] 7= 73 Hr Ak )

BMGY (buffered glycerol-complex) %74t
BMMY (buffered methanol-complex) 555555, MD
(minimal dextrase) I lEHR 2 I8 B8 /R BE R I8 F- it
ks FEEL: 10.0 g/L (NH,),SO,, 1.0 g/L KH,PO,,
0.1 ¢/L FeSO, * 7H,0, 0.5 ¢/L MgSO, * 7H,0, 8.0 mg/L
MnSO, * 5H,0, 0.3 g/LEEF4;, pH 6.0; 82 &ink
iflE (potato dextrose agar, PDA) 353730 B b 5 [HE A
HARIBM AR AT .
12 a5k

A FEMEE OV HAHitachiza &
Tprofessional 58 &5 My 8 50 < b (polymerase chain
reaction, PCR) %  f#[EBiometra/A#; TU-1810 %£4}

e AL R HE A A R A E s LAY
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1.3 &

1.3.1  FEIFLE I ik

¥l g KMiRE S 74 5100 mLEE KRS, W EE
W RIRAT B IRERT R PR, JEE T45 CREFRF PR
2~5d, PRECERE KM EPDAFRT, FERIZEL9 C
45 CHAT, WERHAEKMEN, MG RIH LR
HE, EHLAEREAE4S CIEW 4K, MAE19 CARAEA K E
W, 4 CIRAEEH.
132 WIS E

45 CRiFRINAAH R (HBFH10) 4%/ {EPDBE;
AP, 30 CEiFRT2 WG, BOUWERE K. I HK
FE R ZH R G A & 3T S DNAIHREL, —20 C i &
o TRIPR %2 K A S AR X (internal transcriptional
spacer, ITS) ¥ Tk, By WRKBMWPCR™Y)
(800 bp) HEHEFEpEASY-T3H KT, I g b &
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Trans1-T1f5 %, FHMERALFREE TAY TE (R Ik
WA RAFBATINT . KFAMEGAT.O% A 14 2 AL #
BEAT BRI S50 HT
133 GHI34ZCH F Rk B A I 51 it ot 52 28 0%
Mt 5 R 11 o e

MNCBIF#E % (https://www.ncbi.nlm.nih.gov/)
. ECHGHI3AFR KA &R P4, did
YoM Wit GHI34 K G ) A 3 51 % Manl134UF-
AAYTTYGGYATHTTYAARCARAAYTGGHIManl34UR-
ACRTCVACCCARAARCGMGTRTCRTC, XM 3It5]
Yy S GH134 5K I R 050 43 7 51, 36 ot 3 A A P Dk A
W37, B 5E RN BRI pEASY-T3 8 AR k47 1%
¥z, N ETrans1-TUEE, PAVERALTIERE TAY
T Rl B AR A w #EAT I

Z%Rm ATCC 624179 | &HEA
(CEG81741.1) FFal, wit5l¥: RmManl34F-
ATGCTCGTCAAGTACTTTGCTCTTTTCCAH
RmManl34R-TTAGATAGGGGTAACGTCGACCCAG,
HEPCRY™ 1Y Wy HEAT IS A pEASY-T3 8k, FFEEA
Trans1-TUfE X, BAMEEMATFRATAD TR (R K
B PR A REAT I -
134 RmManl3435 K AEWE B b

fi H Vector NTT 11O A% 45 R AT 70 Hr o A
FAFGENESH (Chttp://linux1.softberry.com/) %4 %} 3 [A]
(RN & 1 R Ah 2 A7 R AT TR 43 4. A FIBLAST T
H (https://blast.ncbi.nlm.nih.gov/Blast.cgi) X 3& X /7
BIEAT EE X 40 BT o fd FHEXPASy (http://web.expasy.org/
protparam/) 7 2% 1. E F0 B 25 (A Y 40 1 o s AL AE .
{#i H SignalP 5.0 Chttp://www.cbs.dtu.dk/services/SignalP/)
AR AT G R A5 5 KA s . A NetNGlye 1.0
Chttp://www.cbs.dtu.dk/services/NetNGlyc/) £k T. Bk
ATHEE A T IN-FE LA AT S H7 o
135 EZH E RERG R A

WAE RmMan 13435 5| Fr 51 B vH Rk 51 ) RmMan 134PF-
CGGAATTCAGACCCGGCGATAGAGGCCACTACH
RmMan134PR-GAATGCGGCCGCTTAGATAGGGGTAAC
GTCGACCCAG, #HTPCRIEPpMD™19T-RmMan134]5
ki, BG5S FRLpPIC-9k 73 74T EcoR IF1Not T ik
B, R T A H 20 R TR pPICOk-RmMani34,
FHME A T A A TR (R Bt A R A = W7
30T e $EEpPICIK-RmMan 134 )50RL IR FH IR i) 14 g Bgl 1T
etEtk, B EGSI5EZ A, SIREREERER
3K T 5 v RR B P 9 3 VR A AT O, 3RS
PR AL T .

1.3.6  BEAWKE SR K& b SR IR -5 74
bt fi vk (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) 4 #1

PRI FH P #6407 25 50 mLEE RS HOR i 8 4 Bl 1 97 3
i, 30 °C. 250 r/mind%3212 h)5, BL1% (V/V) HydEsh
B T200 mL BMGY 1, 30 CHEKE; 748 he B0
AR B A IR 55200 mL BMMY B5 3535, VRN 4 4
FELARFL I HN0.5%, 30 CREREEFET2 he B8O EE K B
W, RUONRBRG, FEATEES /70 € K SDS-PAGE 73T
1.3.7  Bgis 30 E

Z#Miller™[1)3,5- £ /K2 (3,5-dinitrosalicylic
acid, DNS) Jjik. H100 pLid& 45 B B A1900 pL
S mg/mL A E VAW, EpH 5.0 50 mmol/LEEEE S —4h-F7
BRI, 50 C/JM10 minj5, fAIA1.5 mL DNSZ
1B M. WHRIZE M AL.5 mL DNSJ5, #Mn100 pL# Rt
B . BhKIES mindfva H) 2 5 5 76540 nmi Kb &
WS . DA B AR B pmol H 28 B BT 5 I B E LR
— RS AL (JUD .

1.3.8 T 5% SR Bl il 2 11 51 7 A
1.3.8.1  pH{EX HE 20 Ff RmMan 13435 V£ 1) 51

FEpH 2.0~ 120G 6 f4F T, %I 1.3. 7157730 € H
ZHEFRmMan 1 34853E 17, DABEIE S N100%, K5
ZEG M pHAE TAEX A . fEpH 2.0~12.05:F T, K H 4
RmMan1347£37 ‘CAL31 his, WIEREE 71, DAREAT AL
HRAIEGVE J1N100%, $R 7t 5 24 B ¥ pHARL I 52 1
1.3.8.2 X H 4 i RmMan 13435 P4 ¥ 52 1)

1E30~70 CYaRE &4 T, $%B1.3.7795 77k e E 4
filf RmMan 1348535 77, VARGE 775 S 1H A 100%, Wl € &
2Lt P S R P S Lo o S AR AE SO "CAI60 TR, 40l
JEEO. 5. 10, 20, 30 minf160 min, /S 11, DAAK
LEFRREVE SIME N100%, 3R T ZEE I R € T
1.3.8.3  EAEERmMan134%5)) )12 S50 % R YIRS RN 2

13799777, UAFEREWREM TR (10, 8,
6. 5. 4. 3. 2mg/mLAT1 mg/mL) MY & & 4 By
RmMan134F35 77, 4K 7 FEXUREEE (Lineweaver-
Burki®) RBK NV,

Y813, 795515, e AL EERmMan 1345} AN A 4
(TR B R REESHERNIARER
HIRFRBE S, PR IT BB R b
1.3.9  EHFFRmMan1347F S5thn TR N H

EHOHT I SRR, AR AL WA SRR
Bk, BEATIEVE. BT ARER, SRR ik & R
o B10 gFIRARIN2 mLEFIAER O BRZLAN N2 mLZ&1H
KERD A, 50 CHATEf#Lh, /474 CHH.

SRIF TR e EEME  R2K 4200 H pEA L NE
15 min, YCEESR IR E HARFR . 28 4% T U5
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FOA IS EE E Y, £28 000 r/ming 0212 minf5, HX
FIE A B K660 nm AL BB JE, AMACHI IR, DA
FENFE (%) FoR.

SV RARJEREI ER . SR FHDNS (54T B8 R
B E, UEART R EEESE (ngml) R,
1.4 Bmsarir 5 ab e

SO B AT ES Yk, ) FHExcel 2019F1SPSS 19.0%% 4
X 52 25 AT R 0T, BdRAE R U £ sFoR.

2 ZRE5S

2.1 WEIAGHBFHIO0M 75 K 45 8

MIAT A6 48 RSSO LA PR 2 =) K il i e 3R A 1 bk
HWHBFHI0, WM EKEENESERE (F1A. B)
Al%N, BFRHBFHI04E19 C R EikIEw ALK, MAswE
45 CHAFTIEFEK, 560 F A KR R A2
3K, HEHBFHI0E Mg S 1 o

{8 FHITS AT S4 5] 4033k 47 18 S 3k [A] [] B [X 35 [ ™
W, 23545800 bpZE IAPCR) . F| FHBLASTH A4 45
W R I Rm strain D4-1 (GQ502280.1) — i, A
99%, @R T EAKHBFHIOE T-Rm, 5 25 1%
T fiv 44 N Rm HBFH10,

Aspergillus niger NRRL 35177
A. terreus NRRL 4017

A. flavus NRRL 1957

R. microsporus strain D4-1

HBFH10

R. microsporus var. chinensis CBS 631.82

—
0.5

A 45 CHIFRIFEIERS: B. 19 CHIFRIEEILS: CHLTITSFAIELH
K1 AIFRHBFHI1O0R )8 & Sl fE b
Fig.1 Morphology and evolutionary tree of strain HBFH10

2.2  HERYEEERmManl 345K T 5 4t

X2 K GHIZAE R T HI X LRI, &K EH
e RAEREATLAE2 MRS X, WE2FTR. fRFIX T4
(NFGIFKQNW) , JEMEfEA AL s f Tz X, X
WEE ) N Loop4ik, T Loop4h ¥4 HL AT 5 ik (1) e 1
iRl ORI R A AR AL TR fRSFITX P
% (DDTREWVD) , ZXIAHN 15 SR, %X

WEBRAIT B G, F LR X IR THGHI34 5K 5K 1)
HeIE51 P, AHEFF FHHeH 51 ¥Man134UF fllMan134UR
X Rm HBFH10%: [ ZUDNAFEY #, 31 NIRRT
B, WP 45 R 2 W% 3 KON GH 134 5% 1 (1 H 75 S b ity 5%
RFER o FE 8, FF H 5 HE R Rm ATCC 528133 K 41 ()
BAEE A HEE (CEG81741.1) FEA—Fitk N98% ., #—
B0 Mt R B RmMan 1343£ K H1552 bplsl 34 pl, A NS
FIFA, Jmh183 NEEIRFI N2 LT

RmMan134%: R 5 CHRIE FIGH 1345k H 25 1)
—FMEXT LE AT, 1ZE N S AR EGH134 5% S K 1 &
BT 5 — BB (<69.6%) , F W RmManl34%:
HA—ErEstt, BARRmMAmE. Hh5HEER
Wil AoMan134 (XP 023093135.1) —&(¥EKH45.2%, 5
H % PR SsMan134 (PDB, 5JTS) —#4451.6%,
HH & EWEERmMan134A (MF538624) — &K
69.6%, 5H #EFHEFAnMan134 (ANID_02710) —#it
951%. RmManl3424Galp55H, J& T Clan-ABE KGR, &
BUHARSFE IR (ESS5HID67) , 42 BIAr T 452N FIER 3
Ao e 5 A

7]
o
Al
"
al
in}
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Al
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—

Man134UR

P2 1R biEERmMan134) 751 % le 2y by

Fig.2  Amino acid sequence alignment of RmMan134

2.3 EUAWRmManl343E K3 RIE K= YKISDS-
PAGE/ #7

FIE K pPIC9K-RmMan 13424 Bgl TIFR ] lilF & 1%,
Ja, Wi ANEREEREGS1 152 S MM, EMDYHR
REFE, B8 NMEATIATNE RS, BEARERER
W BVE AT IR R 3Rk . 48 AN BT R E AR
F32 B BA 8RR E SR AT K B AR AT
BIRRIEZSG, XA B 3 AT B IS IR, R R
HHEEE 71o87.8 U/mL. R E2F800 mLZ212 000 X g2 .0
10 min % BRI B0 S B 7 2, gk BB, < JR¥ b
THEEERGEAT IR (10 kDa) RZFACHEL, AR 45 )5 1R
N30 mLZE AT . £2SDS-PAGEA M 2 241 i RmMan 1343 M
S FIRELIN22 kDa (E3) , ELERR 4 FiiE18.5 kDa
K, ZRERAL TR 23 4 % I RmMan 1348 & (3 2 TA71E
1 MN-FEREALAL S (NKSG)
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Fig.3  SDS-PAGE analysis of RmMan134

AL RmMan 1348527 R5 43 B
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Oilllllllll;
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pH
FOGR g BawidpHE; CUREEREM:; D. pHEREM.
el 4 IR FpHARAS H 5 SR B A Rm Man 13435 21 9 5% )
Effects of pH and temperature on the activity of RmMan134

HAMRmManl34 1 & & R M E 850 C
(E4A)> |, ZEER R SR G 8, 30~80 CHIREM
K B Z S S, 4570 C N R B A30% L EEHE 7,
1E80 CI RERS 4ERF20% LA E3E ).

HE4BA %1, FEARRmManl134 245 FpHIEAE
FYEH, 7EpH 2.0~ 11.056 F Py #B R B H — 5 IS 77,
M1 S K SipH 6.0, (ERRPEVEEA (3.0<pH<7.0)
BTG 15, Relie4ERE60% LA LIS . B pHAE 0%
Wb, IS Tt bE 2 BRI

Iy M7 BB RmMan 134 % 34 5 58 M0 9T K I
(J4C) , 1E50 CHMT, HAMRmManl34431 h
G, REMEAERF60% LA LR J): 60 CAFEL hfE, Wi
R FKLI60% . 43 BT HpHIEM Z &I (K4D) , %
7EpH 4.0~8.070 Fl A AL FE 1 hJg s 3 A4 Fifa e, |
FEETIE &M T (7.0<pH<11.0) {RIRAEW HERFT5% LA
WSy, WIESRRR AR R, BEAMRARE, BE
PR .

4 5 20 i RmMan 13454 £ GG P SN 100%, )
RN BE R . . CMC-Nafl A S8 9E (3% 7145 3l K
114.8%. 44.9%. 7.2%H119.6%. LAEEER NN, &
SE MR BB BIE CL/[S) RBEALKR, LR R %
BIE (1Y) NGAERR, SRAFUEIH 2. ¥=0.011 6X+
0.017 5, R’=0.998, it HEWM 1% SV 0N
57.1 ymol/ (min » mg) , K,>N0.66 mg/mL,

2.5 BEAHFEEFEEFRmMan134%} 5 R 5200

mFVF R, BT &4, B
RmMan 13455 H Al S 9698 B 70 A A IR AL e,
RS O AR, 3R T723.8% . HUCER TR
T1%, WITIRE TT% A4 . — ki, it hn T i
IRV RO SR {3 S s NEA R SN SE A 1B )
gy, MR RITIEIEE, HE2KEPIEFERT., &
HR LM, EATS AN 8 5 1A Bk
fE—ie, FARRIT IR, Wik, Hin T B
AN R, AR ERFA MR &N, Fm, 7E
B f s E RV 2 VT B, ARG TR A TR A R R
T I Z TR 5 T 2 FERmMan 1 3458 BEAE—kD, 52 T 5
THIOETERE. BRIz 4, A H F5 R0 EE 0 7 0 4 15 4
BT R S T T% LA, T E AR ARSI FRS B
KSR B SR IE S £
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£ AL RBERERmMan 134X A4 WK ST T
T8I0 1L RIS DR ()5 i)

Table1 Effect of recombinant RmMan134 on the yield, clarity and
reducing sugar concentration of various fruits
KR 5g) fhn A 5064 (RmMan134)
JFi /g 10.40£0.09 10.24+0.06
% — 98.85
i % 30.82+0.78 53.82+4.96%*
MIEJERY (mg/mL) 11.7540.02 11.7340.03
R /g 8.6710.50 8.8610.29
5 2% — 102.19
B % 15.46%0.08 10.7240.28%
BIEEHE (mg/mL) 975024 9.8610.86
Fiflg 10.1740.39 10.89£0.19%
" 2% — 107.08
i % 88.14+2.78 71.96+3.67++
JAIRJERE (mg/mL) 12.08£0.01 12.08+0.02
IR &lg 11.38£0.11 11.37£0.09
" 2% — 9991
R B % 81.95+4.36 92.48+0.15%
BIEEHE (mg/mL) 12.40£0.01 12.43£0.03
Fiflg 10.69+0.47 10.73+0.12
" % — 10037
% 79.26+2.06 86.160.80%
MIRFERE (mg/mL) 11.67+0.02 11.7940.01%+

T % P<<0.05; #x. P<0.01; — R
309 #

AT SR TR A Kl A 0T SR A T 1 BRIE A A
HBFH10, £%5% NRm. B, MAREREMLEHE
PR EEER, SARmPIRE TR EE . R
Hilg VRN i e . ASHE 7 A WE S EL R Rm HBFH10 70 58
FEAS 2 — BB H 5 SEMERGZE K (RmMani134) .

H#E B pEE 7y JGHS. GH26. GHI13MIGH1345
W, o GHS G 1) H #5 5 0 B = B — 6 1 R IR
) H 55 BHERE, 1 GH26 3 B K5 — Lo g B R H
Fe RMEEY, X9 H R TN R 1 A 2 I R
P AHRUIRIE T AVEE B R PERS (4aManA)
BT 2R KRR (GHI13) , AR
FRIASF T S, GHII3 M H 75 FRE i 16 2 Ai 1%
JUABR, gk PR 7 1% KRG — D428 . Shimizu
W\ Aspergillus nidulansh3R43 T — /¥ H 28 R b
(Man134) , ‘EEIERRITH. 45 RS A
R R R AR ER, REEILA N —
WELF KRR e (GHI134) , &5t 5 BpE G 1 & I
N H R R AR B — AR R . GHI34KR I
B R FHIKE AR, — K 180 aak /7Y, in
T HoAh3 KK 9300~500 aa, X4 fifHig K&
30% 7 A7 S 5 B8 A R T DA A R HS BT 7 I H B SR b

B, X—4FrEEE S AT . AR, H B R
RmMan134F34 4 GH 1345 ik (AL 45 /41, B &
— N8 aaZll IS ST A, XA AR %8 AT DL v E)
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