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Abstract: A salt-tolerant yeast strain was isolated and purified from a homemade chili sauce. Congo red agar plate method confirmed that
the strain produced extracellular p-1,3-glucanase. The NaCl-tolerance test showed that the strain had high salt-tolerance, with stable growth
observed for 120 h in medium B containing 24% NaCl after an adaptation period of 144 h. The strain was identified as Zygosaccharomyces
rouxii A via 26S rRNA sequence analysis. Secondary growth phenomenawere observed during fermentation where the biomass reached peak
values at 24 and 48 h, with an increase of 46.55% (9.35 g/L) and 87.15% (11.94 g/L), respectively, compared with that at 18 h (6.38 g/L).
However, the glucose concentration remained constant at 1.57 g/L after 21 h. The results indicated that the (-1,3-glucanaseproduced by Z. rouxii
A degraded the 1,3-1,6-glucan present in the substrate, thus providing carbon and energy sources for the secondary growth of cells. Additionally,
f-1,3-glucanase adivity curve was consistent with the growth curve for Z. rouxii A, which showed tha maximum enzyme activity rapidly
decreased with cell autolysis (12, 24, and 48 h), and peak enzyme activity level (15.23 U/mL) was reached a 48 h. The results suggest that
£-1,3-glucanase synthesis was coupled with cell growth andthat the strain could produce this enzy me in thepresence of high salt concentration.
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112 EHA

YEPD Wi i 357 3P0 i BREH 10 g AR 20 g+
Hi%&BE 20 v 7%187K 1000 mL, pH 7.3040.20, 115°C
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Freht B W RREN 10 9. AR50 9. EA
J#k 20 g. KH,PO, 1 g. KCI 0.40 g. CaCl, 1.10 g.
(NH,;),SO; 5g. MnSO, 2.50 mg. FeCl; 2.50 mg. 7&1#
7K 1000 mL, pH 7.3040.20, 115 ‘C 7K 30 min.
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$£+0.10%H -1,3-1,6- 1% HE . 7E 1000 mL ) YEPD
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FHE; SHZ-D UID fEM/KRETLE, P T
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3):; NL4(5-GGTCCGTGTTTCAAGACGG-3).
1.2.4.2 5XTAE HLIK it
5XTAE HLKZ% 4 : 40 mmol/L Tris-HCICpH 8.0),
40 mmol/L F&fR, 2 mmol/L EDTA (pH8.0).
EX-Taq DNA Z &1 : 1H KIEEEMARAF .
PCR /#paiflill&: W HEE Omega Bio-tek
NEIP
1.243 Btk DNA CUMVE)D HREL

(1> HY1.50 mL BT 1.5 mL Eppendorf &,
12000 r/min B> 5 min.

(2) 3 1iE, 900 uL R 22 (PBS) &L
V€, 4°C, 12000 r/min &> 5 min.

(3) 7 k3%, oA 300 TE 1200 uL 10 mg/mL
AR, WRS), 37 CILE 1h, &K 15 min Aifl
BT

(4) [EYTEMA 600 TENS 24f# i (200 mmol/L
NaCl, 100 mmol/L Tril-HCI pH 8.0, 2% SDS, 50
mmol/L EDTA, 0.50% Triton X-100) A1 20 mg/mL &
R K 10 uL, EifflVE%), 55 CiRE 1h, HbE 15 min
HRR1 VAT — IR

(5) 4 °C 12000 r/min &5.0> 5 min, H i,

(6) [ HiEFIIANEAAFU PC (25:24:1) 7
IyVR%A], 4°C, 12000 r/min &> 10 min.

(7)) HEEDIESG.

(8) K HIEHENHHI EP &, I V10 MAF i
3 mol/L BETREN, 2 AR oK 4R, 8%, -20 °C
& 60 min, 4 °C, 12000 r/min &C» 10 min.

(9 5 HF, B OB EHEROKER b, T
S5 RF, I 30 pL EHE7KH 10 mg/ml RNase A
0.50uL, -20°CHRAF.
1.2.4.4 26S rRNA ZE[X ¢4 PCR 31

(1) PCR 4459

DARIFRE R G A% 1) Qe ta ik DNA AR, F)
FA L SR A AN ] A R
519 L 51% NL1 (5-GCATATCAATAAGCGG
AGGAAAAG-3');
TS5 NL4 (5-GGTCCGTGTTTCAAGACG
G-3);
HE1T 26S rRNA ZE A 741 1) PCR 71
(2) PCRY AR
PCR ¥ 1A R W& 1.
(3) PCR ¥ #i%% 1
Step 1: A 4: 94 °C, 10 min;
Step 2: >30 f&¥: A5tk, 94 C, 30s; Hik:
60 ‘C, 1min; %ZEfH: 72 ‘C, 1min;
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Step 3: ZEffi: 72 ‘C, 10 min.
&1 PCRIES14Y
Table 1 Components of the mixture used for PCR amplification

KA A&/l
premix Taq B4 25
E#3 14 (20 pmol/L ) 1
T #3514 (20 pmol/ L) 1
4 DNA (200 ng/uL ) 1
RHE K 22
BARAR 50
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%, ND) BIES 2RI KA K E W
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5% IHEF RN RIS CRINBE, HAth sy [H)
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pH (DELTA 320 pH iHille) Fi4ibis & (At
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B 8 mL KB, SRIT 4 CHIAER 2041, 8000
r/min B> 10 min, YUIERTE 105 C LA, 4k B fE 5,
R E.
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A N RELBEAEIN e 5 7 -
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40°C FHETE/K I 5N 15 min. (S35 min 224575 %
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T 10 mL gLk F, i 0.38mL ¥ DMSO, f§H
pH 4 5.50 f] 0.10 mol/L ] ZBRZH I ERE 10
mL, BIfFsCIGZarem, HTses.

HoAe AR a2 A pH 4 5.50 1) 0.10
mol/L 1) ZF& G2 AR E: 0.10%f1) B-1,3-1,6- 515K Hi
BT A mL, HAth [FS2IGLH AR ACEE, S B pH
9 5.50 17 0.10 mol/L ] ZER M 78 2 10 mL,
EPTSIEZHRE IR, F T 5550 .

PR LRI HH ) = IR MBE 2544 B SRk il R
FHRI LT 2R,

B TN AALE S A BIRIIE R AE
B3 B0 R R B AR T 1 pg = ABIE £ 4 -

MR R E IR N 1RSSR, RTRR U
1.2.6 HIBEHAT

B S50 5 35 09 fe /> = AT SEBR )P E +

FrUEAwZE o

2 FR5SH
2.1 T hE R 608 AR T B RAE IR

B S

Yo BAUE ARBEORAT/E NaCl IKFEN 18%(1)
YEPD P (& 2%35f8) b, BEfEIZ P B K B 3
PR it SRR, PR ARYE R (1)TE AR H 26 2R
TR N TR R TG . 4581 — BRI S5 18 RE TR
Pk, A A

& 1 B A EEERINIRLOE RR &R () FRIRER
ZelE (B
Fig.1 Images of growth of strain Aon Congo red agar plate
(before [left] andafter [right] staining with Congo red)
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VNG REPE RS TR T p-1,3-1,6-FI B, Bl VE
) p-1,3-1,6-% SE0E 73 1 8 FEART Joik 55 NI R 4L
TR ZS AW, 2 0.90%01 A3 #Kk ek 5, ~F
Wb 2IER R, Hadk Bk NS EIRRE 41,3

SRWEBRS PERRIE R o SR B-1,3 HI SR 45~ (M1
RILGIE) X A REAT 07 2 ki Seit 45 2R
K1 s

ML AT AR e WISRZLAE AR i 1 B A
TR R PR T R AR E B, R T R IR A
HA @74 s iesh p-1,3-% SEpE Mg ae

22 TWHBE A XAMMTHZEEKELS

il

MR 123 BJ7EE, LAREFRITR] (h) R4S,
ODgoo N FRIE K, 1531 Eh B#EE ATE 12~24% NaCl
W TR ARz 452K 2 s,

24

B ] / b
2 EHKA FEIEFREL B (& 12~24% NaCl) %4 fcphsk
Fig.2 Growth curve of strain Ain medium B containing
12%~24% NaCl

WK 2 Fs: 55 12%. 18%Fl 24% NaCl )5
FRFE B, Wk A2 100, 24 h F1 144 h [{15E N
WG et K 48 he 72h #1120 h, 24% NaCl i &
TN HEREYEMN AT HEME T 1237% 1
1.98%. AHMERIBERE H555 25 Bt NaCl ik FE i1 34 56 ik
A (P& R HARH BB, FooE AR T ) B 258 i, T
B KAV EA SRR R &, 8 24% NaCl ik FEEfk 4=
I B0 Bk ASKULRRIETT 52, [FIRT A i SR RE A
se— IR it Eh EERE .

2.3 26S rRNA A J 7 7|47

2.3.1 #E#k A26STRNA A H 53] PCR &3k A
HHEE R A 1) PCR HLKE 3 iTLLAEH, ATE 26S
rRNA %[5 7 31 7£ 582 bp.
2.3.2 HE#k A26STRNA 1A 7
I A A B S X AR ITS AR
FFATR
AAACCAACCGGGATTGCCTTAGTaACGGCG
AGTGAAGCGGCAAAAGCTCAAATTTGAAATCTG
GTACCTTTCGGTGCCCGAGTTGTAATTTGGAGAA
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AGTGATTCTGGGACTGGCCCTTGCCTATGTTCCT
TGGAACAGGACGTCATAGAGGGTGAGAACCCC
GTGAGGCGAGGTGATCCAGTTCTTTGTAGAACG
CTTTCGAAGAGTCGAGTTGTTTGGGAATGCAGC
TCTAAGTGGGTGGTAAATTCCATCTAAAGCTAAA
TACAGGCGAGAGACCGATAGCGAACAAGTACAG
TGATGGAAAGATGAAAAGAACTTTGAAAAGAG
AGTGAAAAAGGACGTGAAATTGTTGAAAGGGA
AGGGCATTTGATCAGACATGGTGTTITTGTGCCCC
TCGCTCCTCGTGGGTGGGGGAATCTCGCAGCTC
ACTGGGCCAGCATCAGTTTTGGCGGCAGGATAA
ATCTCTGGGAATGTGGCTTCTTTCTTCGGGAGGG
AGTGTTATAGCCCAGGGGAATACTGCCAGCTGG
GACTGAGGTATGCGACATTTTGTCAAGGATGTTG
GCATAATGGTTATATGCCGCC
2.3.3 HHk A 49 265 rRNA L F A F #f

IR Pk AT 26s rRNA [ /7% (582 bp) 1 BLAST
Eb x4 R B JR'E 5 Zygosaccharomyces rouxii strain

NRRL Y-229 F 1] 26s rRNA (JQ689016) A 100% ]
L . KRG KEN (B 4) RUIEK A 1£
Zygosaccharomyces J& HE LR —AN 0% I, 5 Z. Rouxii
T R PR AE — NS 1T 5 oAt A T AN RN 70

KL, 2B S IR B AR, IFORGBE [
RBE TRV L, {5 : CCTCC M 2013310

A A A Marker
-

“- 600 bp

3 AR A B PCR EEIKIE]
Fig.3 PCRelectropherogram of strain A

2 HEFKA B 26s rRNA EL[EN/F BLAST ££58R
Table 2 BLAST results for 26S rRNA gene sequencing of strain A

Description

Maxscore  Total score

Query cover Evalue Maxident Accession

Zygosaccharomyces rouxii strain NRRL Y-229 26s

ribosomal RNA gene, partial sequence 1075

1075 100% 0.0 100% JQ689016

100 |2ygosaccharomyces rouxii NRRL Y-229(Q639016)

| Zygosaccharomyces rouxii ATCC 28253(KC146373)
Strain A

9g| Zygosaccharomyces pseudorouxi OUT7136(HE664094)

Zygosaccharomyces pseudorouxi NCYC_3042(AJ555406)

Zygosaccharomyces mellis NBRC 1615(AB302837)

0.005

B 4 Fkk A BT 26s rRNA BE L 5 HE
Fig4 26S rRNA gene-based phylogenetic tree of strain A

24 KA R B KB AT 5O R

¥ YEPD 1 7% 5 h 1572 4 i) & IR BE A BL 5%
P S NS 7738 COmEls, HoAhsesy 7 41,3
B TAR S e R 7R ) 1F 28 °C, 180 r/imin £537%,
FARARRE, MEATE. p-1,3 BRES. pH A8
EIFEAREE . Seaeg KKl 5. & 6 Frs.

HE 5. B 6aK: Z Rouxii A KRBT T
WL TR I AEKILR, HAEYE (FE) 25l
12 h (6.10g/L). 24h (9.35¢g/L) F148h (11.94g/L)
BRI . Z Rouxii A KIS REH R pH Bt %5 £
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FERFTRIMREIN G TR (2 20h) J5 BFF (aRgi D),
HAfIRME N 5.67. KB A HIRIE A ¥ (48 h Ja) f# pH
FREET R T4, R BER PR AR EEAE 21 h ik3) T
R, R HIETEIREEAERF A 1.57 g/L fifi.

TOr e R pH 2 1%
ool o KRBT AR 4 20
: 418
6.6 16 =
14 &
6.4 =
o 112 %
= 6.2 110 &
1s =
6.0
1 &
58 14
5.6 . 12
0

0 6 12 I8 24 3036 42 48 54 60 66 72
FEFRI ) / h
5 Z Rouxii A ZEHIIEPEEER oH FIEEWERE thik
Fig.5 Z. rouxii Agrowth curve showing glucose concentrations
at varying pH values of the fermentation broth
Z.Rouxii ATE 24 h 1 48 h (4455 (5D 435
N 9.359/L F111.94 g/L, 45t 18 h /) 6.38 g/L 427
T 46.550%F1 87.15%, 1fij 21 h Ji5 Hil 4] S FE A 4ERFTE
1.57 gL /£ 45, £H: Z Rouxii A4 KR &L 2
WA B4 MR B SRR AR 5-1,3-1,6- HRBE , SR —
DAEARSR A TR FIRE IR A FERT BRI R R B,
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FRIBFFC PRI BRAIRE RECE A KR Hofl A
FAL N N A, RS R Dot ik
AN BEVSI 575 AR S 28 ROt 2 40 A4 7oK
A, EREERE AT IR EESRE HR] Rt AR SR
CREEEDIG, . JUNEER GRS MR, H
WAl R ISR R AR AR AR 5 A R
R8T, DAIARR AT R R R N R . T
ARSI & IR A TR A P BRI 3T T )0
BT (s 3Ch CINGE 1 TR BRI AR 3 (1
6). HARHERHER G S AR R IS O, Hs
FTRATE 28 RGWHTHIH bre

Mr e R 18
. —e— TG & 16
14
51 12 %
2 8 10 =
YEf g =
+ e . 5
4 £
4
2
2
0 M L 1 1 1 L 1 & 1
0 6 12 18 24 30 36 42 48 54 60 66 720
Hr RIS I] / h
B 6 Z Rouxii A REHIFEFRVEYIEN 81, I-HRIEEEE
Rk

Fig.6 Z. rouxii Agrowth curve showing biomass yield and
B-1,3-glucanase activity

NG RIS 2 Z. Rouxii A I 5-1,3- 71 5 b
BT VR 2 5 A K A A3 — 8L, moRBE TRt
BEE HREVE (12 h, 24 h A48 h) T FEA, I
GrAIFE 12 h. 24 h F148 h LA B G (E N ik 2
TUE(E, 48 hIABIEEE R (H 16.23 UimL, Bil]: Z.
Rouxii A /] f-1,3-7 SERE B & R S 4 AR KA G
N0 mBEERE™ -1,3- HISRE E R
T AN A BV R A S B XL
R B AATE SRR AR p-1,3-0 KNG, NiZ
T e B R I R S Sl X, T LR £
JSL IR % PR, — BRI I, RS2 R
3 . Z. Rouxii A X = -1, 3-8 5 g (1A U & -
PATHIRK B REmRIGE (i (RS S, Bl .
KRB TE, JviEd it T2 e
Liee p-1,3-1,6-70 S S B S ™ i B ft 1 AT
BEA{RILE -

3 g

M AEA SR B A h B AU A3 T — PR
M SR IFEE, I p-1,3 H SRR (WIRZL G020
B HE A G R 20 R4 p-1,3 IR MR AR - NaCl

iy 32 PRI FURA A2 2 AR A i R, RESE 144 h K
& N G E 24% NaCl )55 775 B iR iz e 4K 120 h.
121 265 rRNA AU W36 e 1% wivk o & IRBERE. X
JLptg = BeHEAT KD FUR BL: RS IR 48 h BgiE T
DUAE] 16.23 UmL. 2K IEREIR 1 1 IR 1K)
-1, 3-SR B 0  F  FRE AA IXERIT TE AR
FE BN B SR i £ KRR, X
PREERRIE £ P RS T T B2 i D REE 6-1,3-1,6- 71 3%
BERS R, MTTHRAMZ IS i 2k, HFige
T AT S 77 o
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