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Isolation and characterization of a lipase- and biosurfactant-
producing strain of Stenotrophomonas maltophilia

TIAN Xiaodong'”, ZHANG Zheng"*, MENG Qihui', CHEN Jiatong', JIA Mengyuan', WANG Shen',
HUANG Chuyun', CHEN Zongxia’, HUANG Ruofeng®, JIANG Mingguo'*"

1 Guangxi Key Laboratory for Polysaccharide Materials and Modification, School of Marine Sciences and Biotechnology,
Guangxi Minzu University, Nanning, Guangxi, China

2 Guangxi-Indonesia Joint Laboratory for Microbial Resources and Artificial Intelligence, School of Marine Sciences
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Abstract: Kitchen waste contains recalcitrant lipids that are prone to rancidification and can cause
environmental pollution. [Objective] To isolate efficient lipase-producing strains from kitchen
waste, optimize their enzyme production conditions, and evaluate the lipid-degrading potential of
their extracellular products in kitchen waste. [Methods] Lipase-producing strains were isolated from
canteen swill via the neutral red medium and identified based on morphological characteristics and
16S rRNA gene sequences. Lipase production conditions were optimized through single-factor
experiments and response surface methodology. The properties of the lipase and the emulsification
performance of extracellular polymeric substances (EPS) were analyzed. [Results] A strain
designated C24202, exhibiting strong lipase- and biosurfactant-producing activity, was isolated and
identified as Stenotrophomonas maltophilia. The fermentation conditions were optimized as
follows: lactose 10.0 g/L, yeast extract 7.5 g/L, emulsified soybean oil 40.0 g/L, FeSO4 8.0 g/L, and
incubation at 34 °C and initial pH 6.5 for 72 h. Under these conditions, the lipase activity reached
(229.64+2.17) U/mL, representing a 2.55-fold increase compared with the pre-optimization level.
The lipase exhibited an optimal temperature of 60 °C and retained 50.70% of its activity after
incubation at 50 °C for 6 h, demonstrating good thermal stability. The EPS produced by strain
C24202 showed strong emulsifying capacity, with an El,4 value of 46.92%. FTIR analysis suggested
that the EPS may be polymeric glycolipopeptide-type biosurfactants. [Conclusion] Strain C24202
possesses dual capabilities of producing thermostable lipase and biosurfactants, demonstrating
promising potential for lipid degradation and the treatment of oil-containing wastewater.

Keywords: kitchen waste; Stenotrophomonas maltophilia; thermostable lipase; biosurfactant;
optimization of enzyme production conditions
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RS, A 50 mL JERZK, F 30°C. 180 r/min
Fi% 2 he B2 mL LIS WRAERN T 20 mL DAK &23H
SME—RIR ) AERE SR, #E 30 °C. 180 t/min
MRS S d T E AR, IETEEFRA 3 RAMn
1% KT, B, B2 mL 85305
e s SR L AT AR ARG 5%, JE9Ide 5 A
1, AR T 3 AN AY R G R AR R
I 1%, BURZYIML S mL, FHIEE KT
10 1540 BERR BE 22 1077, 43 S 4% 06 3 s R TR
100 uL ¥R T H PR 0 06 M, 76 30 °CHE 3%
24 ho Pk PRI S B e IR T el T s B SR L 7
FLAR A PV, AR ER S SRR R
“afifh, 30 °CE:FEIE 45 H .
132 £

VoAb R R b B R T RE 3R 3L, 1E 30 °C.
180 r/min ¥53% 16 h i, VMARUIMECN 3% Mk
TR E 50 mL/250 mL AR K BERE RS,
TEMR S0F F 5535 24 h J5 T 4 °C. 12 000 tr/min
B0 10 min, B E I VG 7, Ok H
Fit I 1588 PO PR AR R A T I R
1.4 BEHREKEFERNE

B ARRIERD T RA L R R, Bk
ANFELEE(25-45 °C, BREEA 5 °C). ARWILH pH
(5.0-9.0, BREEHR 1.0) M A NaCl #eFE (1%-7%,
BEEE R 2%), HEFR)E I I LR AR A AN [ 5 1
IR E RO, DARAE AR KA
1.5 BEIESINERE

X Al HE 7K 15 B (p-nitrophenyl phosphate, p-
NPP)7E i 5 BV T A, A B X il 2 5 1y
(p-nitrophenol, p-NP)7E 410 nm &b HA FRAE U UK
W, L' BE W] G T o RS
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I (50 *COKTEHSR, 10M A R); 4 207.0 mg
Jii 4 IEL R 494 A1 100 mg BT 7 A A S 15 T 90 mL
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KRR FFAIA 0.1 mL HLEHR A 2.4 mL 1%
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TG F1 A E S FE—E AT, LR
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(umol/L); Vi M NAAF(mL); N MR R
T8 Vo BRI R (UL ); - ¢ SR TE] (min ).
1.8 FREAEREMREVEE

SR CH LA RS EFM) V% Bk
AT A E Y, RS H DNA £ B0E 55 £
(A= T A TR B A R /b T4y 24
Y%, RE S8 27F (5-AGAGTTTGA
TCMTGGCTCAG-3") #1 1492R (5-GGTTACCTT
GTTACGACTT-3") Lk & 2xTag PCR MasterMix Xf
P AR ) 16S TRNA 3 [H] J¥ 51 #f 47 PCR § 1% |
PCR WK R 5P R P S % Mg el o1
P o AR T AR TR AT B A R T
B3R13AY 16S rRNA JEHF5117E NCBI GenBank 4
PP AT BLAST FbXt, T #k et g4y
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Al PR UE M), A JE [(NHg).SOs.  NHLCI,
NH H,PO4, NaNOs, FWE . W], ES5H7
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K,HPO,4). #J4f pH (6.0-9.0, [A]BF 0.5). HiFRik
J#(26-36 °C, []ff 2 °C), %R R (1%-5%) M k&
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IR It TG Sk v o7 A B4 e A8 A B S 8, - AE
T A T HEAT I UESE G, DATEAS AR AR () ] 5
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1.10 REXTAERLESRY SN

FkkEBESS RS, T 4°C. 12 000 r/min 25
> 20 min, WA FIEROTE LA 0.45 um SR IE

#z1 TLEERSKERE
Table 1

level settings

Experimental factors and corresponding

Test Factor Variant  Coded levels
0 1
Plackett Lactose (g/L) X 8 10
Burman - veagt extract (gL) X, 6 8
Soybean oil (g/L) X3 30 40
FeSO,(g/L) Xy 6 8
Initial pH Xs 6.0 7.0
Temperature (°C) Xy 32 34
Time (h) X; 48 72
Inoculum size (%) Xg 0.5 1.0
Box- Yeast extract (g/L) A 5 7.5 10
Behnken  geg0, (/1) B 5 75 10
Initial pH C 6.0 6.5 7.0

TR . PR 7E 30-90 °C ([H]ff 10 °C)
WEE 15 min LAPPAG il iR B, PBsoe MR e 7F
R L B NPT, WE 2. 4. 6 h JFEUEM
TEFRAIE T
111 R EE M A E M ik

PR 7™ A 104 A 1) 2 T3 1 ) 35 P e v
#43 #r (oil displacement assay, ODA) ¥ il 2,
AAREAEWMT . fERFR I IA 20 mL Milli-Q
K, TN 200 uL 2955 T Qe piAe i, (i
FETKTETE RS AT . B K 20 pL 4 ffiiEes 1
15 W (cell-free supernatant, CFS) % % It (ddH,0) %%
BRI T o, A ] S WD, )
R PARE i A A W e T T R P
1.12 FALEMESENE

¥ 5 mL K05 5 mL CFS AR %1 1Y
B R b, IR AR R
2 min, FESHTEEEE 240 )5, iCEAEE
JE 2Lk fE 1 AFL AL FE £ (emulsification index,
ELy)#n, HitHMAQ)Fis.

El,y= Fremaision, 110, )

total

113 EYEETRIER ZE FTIR 247

REAFEIREESRIT 4 °C. 8 000 r/min B0
20 min, WO RIS ¥ BIEWS 75% PR
WA AL 111 IRG, MaEdK, ME, T
4°C, 5000xg B5.0> 15 min WHETTTE, Fik B
J&i . FHZEIB/KVREUTTE 2 Ik, JFAE 70 °CF T4
3 ho SR HHH AR S 2T 163 AL (ThermoFisher
Scientific 2y &) Fl % I 4= )2 5 (attenuated total
reflection, ATR)FE AR, X3 2545 2 () AE V) R 1T T
PR R AT R L AR 3 21 /P i (Fourier transform
infrared spectroscopy, FTIR) 73 #7 . 1l %2 75 il A
4 000-600 cm™',
1.14 HIELLIE

52 56 K4 4 >k FH Design-Expert (Trial v13.0).,
Origin 2024, IBM SPSS Statistics 27 JE{ 7451104
52k, )22 5 W HACFREE R ¢=0.05,
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2 BERS45T
21 FREEMEKIIFRESEE

N J5F I B R, K G E AR R
HRPR 2T SRR T B e R S 0, ARAS—Hkm
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G S A B3 RN SN VA P e ]
H PR LT 78 7 P R B (0 A IR AT, WA R
PRR A PERK R A9 BE T (B 1B), 2]
FE H R T 13 WA RTS8 (90.05+1.96) U/mlL.
XTTRBE C24202 #E47T T RS 458¢, HAE LB Filk

EWREEREHORERMEG, R MNE, 1
GREST (B 1A). S22 R (0 R HOZL (AP IR AR
BN, B R [RBAPERRI(A] 1C). 25T 16S rRNA
FERFFIRG 3 HTRY, 1%)78 5 NCBI Hdf
W& 4 ZE 57 BN A (Stenotrophomonas maltophilia)
% 99.93%. HT %

W8-2 AR B I f e, 38

IR R L B WA B R SRR — EZ
(K 1D). ik, WErEkk C24202 %0 g4 2F
I+ PRI (Stenotrophomonas maltophilia), J-JFEH'%
3T H P L S R A s R . (CGMCC)
1385 CGMCC 29872,
2.2 Bk C24202 BYE 4T R EH A
ERRERAY R E 4

PARE C24202 TERIR PR 254 T 2B KD
45 B ULIE 2, ZFERRTE 25-40 °CHI pH 5.0-9.0 71
FINIREAE K, Hifmad A K44 44R 35 °CAll pH 6.0
(KBl 2A. 2B). MtERPENE B, HHRAE NaCl i
JE<B% B AR R, W >5% B A K ghnm 204
il (Bl 2C). Zf LTk, Wtk C24202 F I A
11 74N R i (B <Y 8

PRIRE C24202 i U7 TAH Bt 08 114 sk 52 I Ik
J 60 °C (Kl 2D). 7E 30-60 °CYEFE N, BEEIG /1
B 7L 8 T i S R B GRS, WG

C

10 ym

9 24202
ﬂE Stenotrophomonas maltophilia W8-2 (MG905289.1)
99 Pseudomonas sp. A8 (2015¢) (KT316391.1)

98 ——— Stenotrophomonas sp. CS18 (KR780373.1)

62 61

—_

0.02

Bl EFkC242020Fi% R EELR
Figure 1

Bacterium L72 (KU221423.1)
Stenotrophomonas sp. L167 (AM913974.1)
98 _|: Stenotrophomonas sp. bmh-3 (FJ493144.1:)
98 Pseudomonas sp. strain SZ037 (KU986663.1)
Bacterium strain BS1495 (MK824683.1)
— Stenotrophomonas strain W8-7 (MG905294.1)
33— Pseudomonas hibiscicola KI53 (MF356673.1)
Stenotrophomonas sp. JD203 (4488.1)

Screening and identification of strain C24202. A: Colony morphology of strain C24202 on LB agar

plate; B: Color reaction of strain C24202 on neutral red agar plate; C: Gram-staining result of strain C24202; D:

Phylogenetic tree of strain C24202 based on 16S rRNA gene sequence.
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Figure 2 Growth characteristics and temperature characteristics of lipase in strain C24202. A: Growth at
different temperatures; B: Growth at different initial pH values; C: Growth at different NaCl concentrations; D:

Optimal temperature for lipase; E: Temperature stability of lipase.
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WH 6 h g, MEIEHEARIFAE 50.70%, 1 1E
60 °C T AH X 1% P [ & 34.74%, AMHILZ R, 7F
70 °CLA bR AR T, il 1 Bt O 7 o [
R, 7E 80 °CHI 90 °C FIFH 2 h J5 4 il f& &
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B 3 fin. AN CFS B YL il Al 7E Milli-Q 7K
FE NI E LM (& 3A); &I CFS
Je . IR R HE T O A A, T AR B L

PP B (E 3B), B R R B MR
FEYIRENS W A K AR ), R
FWGERAT N . MHEZ T, %4 &
ddH,O {5 A & % T 7 A ek RS2 1T ™ A e T M1
A5 R M 24 SO ks e B (B 3C, 3D),
T TAE S 32 S5 A % P 80 R TR T TR Ak €24202 11
RS
it FLAHE B ED R CFS myFLALRE

AT VA, IR A A S Y R i =
FEEH, WG LR E AW, PEAAILRE
K FJ2k#( CFS (K 3E), £ A4 T BEF 1k
PER 5 T X HE 2 D) 2 00 B S %) i K A 43
JUFLHALZIER(F 3F), S5 24 h FLAk1s
E(EL4) N 46.92%, VLU — Bk A RTERE
B 24 h JE R FEFLILIRAS . 28 BTR, Btk
C24202 WY A e W) AN RE % i 2ot R 5 T 5K )
gl &R RN, WA SRR LR, I
H R G Rm s MLk ae , /6 R km
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Figure 3 Functional characterization and detection of extracellular surface active products of strain C24202. A:

Initial oil film state (blank control); B: Oil film rupture and diffusion after adding sterile fermentation supernatant
(CFS); C: Oil film state before adding ddH,O; D: Oil film state after adding ddH,O (negative control); E:
Experimental group: soybean 0il+CFS; F: Control group: soybean oil+ddH,O; G: Infrared analysis of strain CFS;

H: Semi-quantitative analysis of functional groups of strain CFS.

TE PR BLRVRRAE

FTIR Y6 7E 3 432.19 em™ &b i /8 — 4> 5
g, FIAFEAEFREE(-OH) (B 3G). 1637.75cm™
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BEAh, 7E 1052.46 e AR EL T 2 AN LR IR 3D
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Sk 2.20 F11.97, $E7R %4 9 T ) 0T RE
T W R E R RO A . 25 L TIR, Rk
24202 7= A= 1 A= W LA 9] 2 22 fh I K4 4 511
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ARG, HA SR A RCE PR RRAE T
BEJE T B4 OB IR LE R T M

2.4 [EFK C24202 FERERAER SRV R
ZMHER

241 BEFRERSHMEL

g 4 fros, TEBER AR Z b 2L
Xof Ji M i 7= o PR A Bk 2, (RS AT
MM Z R 2ZRAK, BIZREEEAREZ
(A Bl U5 R 3 (] 4A), Hifgid v &b 10.0 g/L
(Bl 4B). A TH, BERFEVE A LA R
R PR (K 40), BARHE N 8.0 g/L
(&1 4D). i FHVFERR 5 1 b A A B EH
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Figure 4 Single-factor optimization of the lipase production medium composition of strain C24202. A: Carbon
source type; B: Carbon source concentration; C: Nitrogen source type; D: Nitrogen source concentration; E:
Inducer type; F: Inducer concentration; G: Inorganic salt type; H: Inorganic salt concentration. Data are mean+=SD
(n=3), different letters indicate significant differences P<0.05.
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Figure 5 Single-factor optimization of lipase production culture conditions for strain C24202. A: Inoculum size;

B: Fermentation time; C: Fermentation temperature; D: Initial pH. Data are mean+SD (n=3), different lowercase

letters indicate significant differences (P<0.05).
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B (I 5B). 35 3% I8 X = it 2 A 3% 52
34 °C AR E (E 5C). AL, #1lh pH K 7.0
A P i 7K - f i (] SD) o
2.5 E T Plackett-Burman i 38 B9 & &
ESEfvin

FEBE A R MG B S, R A Plackett-
Burman 30852 M BB 7 i 115 T P 19 G B A2
HITIEGR 2). 4RER )RV, B XD).
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J& , AREINR WA 0 A AR R
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4.51X5+3.67X6-3.15X7+0.828 3.X; (3)
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AR tE, K% Box-Behnken Wi i [R5, 156 1%
TR 25 R 40 ANFIRIRA A T G
e EZES . TR, X =HFHE5m
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Table 2  Results of the Plackett-Burman experiment

Number X X, X3 X, X Xs X; X3 Enzyme activity (U/mL)
1 1 1 -1 1 1 1 -1 -1 146.15+3.19

2 -1 1 1 -1 1 1 1 -1 122.3142.55

3 1 -1 1 1 -1 1 1 1 109.94+1.72

4 -1 1 -1 1 1 -1 1 1 131.81+1.68

5 -1 -1 1 -1 1 1 -1 1 101.85+4.26

6 -1 -1 -1 1 -1 1 1 -1 102.0445.76

7 1 -1 -1 -1 1 -1 1 1 92.29+£3.09

8 1 1 -1 -1 -1 1 -1 1 118.35+7.02

9 1 1 1 -1 -1 -1 1 -1 101.48+3.64

10 -1 1 1 1 -1 -1 -1 1 129.474+6.65

11 1 -1 1 1 1 -1 -1 -1 111.37+1.83

12 -1 -1 -1 -1 -1 -1 -1 -1 90.33+10.19
%<3 Plackett-BurmanLiE 5 E DR
Table 3  Analysis of variance (ANOVA) for the Plackett-Burman model

Source Sum of squares  Degrees of freedom  Mean square F-value P-value Significance
Model 3116.20 8 389.52 19.88 0.016 Significance
Xi 0.2352 1 0.2352 0.012 0.919 7

X, 1 676.55 1 1 676.55 85.57 0.002 7** Significance
X; 1.66 1 1.66 0.084 0.790 1

Xy 905.85 1 905.85 46.23 0.006 5%* Significance
Xs 243.72 1 243.72 12.44 0.038 7* Significance
X 161.19 1 161.19 8.23 0.064 1

X; 118.69 1 118.69 6.06 0.090 8

Xg 8.23 1 8.23 0.42 0.56

Residual 58.78 3 19.59

Total 3174.9 11

R*=0.981 5; R?,=0.932 1; *: P<0.05; **: P<0.01.

1) IR Z IR AR
Y=234.23-1.294+20.92B-0.57C-14.714B+
4.514C+0.40BC-27.434>-27.43B°~22.33C* (4)
FREN IR 5), B KX RIN B> H:

3 (P<0.001), C* 3 (P=0.0035), NFEH

A2, 2 EAEH L AB Wi i 2 (P=0.027 5),

PE /R EERE T S FeSO4 A7 71 WM FIZUNE o Wi 7 1 5

2K (8] 6) S S DU G PR AR rh 1 rh S e B

B | B FeSO, vk FE K v (il pH X [1]

H A-B L H ARG, B-C 38 HAEFHEE.
2.7 M bz E AR BY 56 E

RS AT R s O B RS RPN [ ) A
5, AW ORRRE e R WEAE . BN
10.0 g/L, K& 40.0 g/L, K BERFIE] N 72 h,
AR 1%, KB E N 34 °C. 7E Design
Expert X {4415 HH R H 7.26 ¢/l FeSO4 W& H
8.14 g/L, 1E pH N 6.45 s 404 F il g
U5 it 3 %) B3 (B F5e 55 oM 236.98 U/mL., R 918 512
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#4 RSM-BBDi&it4ER
Table 4 The design and results of RSM-BBD

Number YE (g/L) FeSO4(g/L) pH  Enzyme activity
(U/mL)
1 5 5 6.5  123.50+4.66
2 10 5 6.5 148.62+2.19
3 5 10 6.5  207.52+1.69
4 10 10 6.5 173.82+3.20
5 5 7.5 6.0 191.82+1.28
6 10 7.5 6.0 181.95+1.25
7 5 7.5 7.0 177.98+1.96
8 10 7.5 7.0 186.13+2.62
9 7.5 5 6.0 153.07+0.85
10 7.5 10 6.0 181.33+3.68
11 7.5 5 7.0 154.80+3.68
12 7.5 10 7.0 184.67+1.04
13 7.5 7.5 7.0  231.82+0.86
14 7.5 7.5 6.5  245.58+0.60
15 7.5 7.5 6.5  234.20+0.34
16 7.5 7.5 6.5 218.52+3.08
17 7.5 7.5 6.5  241.03+0.77

Brobs e # e BE R 7.5 ¢/L. FeSO4 A 8.0 g/L,
TE pH A 6.5 #4750 E K 56, W 45 #E S R
(229.64+2.17) U/mL, 5HSAE 2 [ /9 A X% 22

=5 RSM-BBDEitHIAENR
Table 5 ANOVA of RSM-BBD

H3.1%, WESE T AL T 2R 5E
3 Wi

AW 58 DN BT b7 e v o 3 A5 2 ARG TR AR
C24202 WY 8 HVE A2 2R R AR . X B 7E
HRA Tz, CiRENDIREEZH, Ui
AR SR IR A S, PR AR IREE 7
HRM S M ERY AR R, E Rk
24202 4K &40 35 °C . pH 6.0 H Al it =%
3% NaCl (] 2A-2C), 5% 5 b7 R R 1k |
TR LRI B RS, R T e
A S R A B

FE R R R b SE I T, Bl VR T R 4
( 4A . 4B) & om FUME T i 35 32 TG 10 il 7=
HACRW R TR0 . 222005 . e Fnml s
WK, BN, TE Limtongozyma siamensis DMKU-
WBLI-3 Wk, ZUWEE S 00 B D5 Bl 5™ & 18
355.6 U/mL, i1 % ¥§{L 4 177.8 U/mL, FEHE
9 251.8 U/mL, Al MEFER A 170.4 U/mLP?,
X — 22 5 3 LR T A 43 i AT 4 i (carbon
catabolite repression, CCR)#Liil : FEAEZRE T W)

Source Sum of squares  Degrees of freedom  Mean square F-value P-value Significance
Model 19 057.12 9 2 117.46 18.83 0.000 4** Significant
A 13.26 1 13.26 0.118 0.7413

B 3500.75 1 3500.75 31.14 0.000 8**

C 2.63 1 2.63 0.023 4 0.8827

AB 864.95 1 864.95 7.69 0.027 5%

AC 81.18 1 81.18 0.7221 0.423 6

BC 0.648 1 0.648 0.005 8 0.941 6

A2 3168.31 1 3168.31 28.18 0.001 1**

B? 7943.12 1 7943.12 70.65 <0.000 1**

c 2099.26 1 2099.26 18.67 0.003 5**

Residual 786.95 7 112.42

Lack of fit 359.28 3 119.76 1.12 0.440 1 Not significant
Pure error 427.675 6 4 106.918 9

CV (%) 5.57

R 0.960 3

Adjusted R? 0.909 4

*: P<0.05; **: P<0.01.
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Figure 6 RSM-BBD optimized contour maps and 3D maps.
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(PB)Fiii BE L5 R /R BEREE . FeSO4 1 pH X fig 1
it B 35 TE AU (P<0.05), R B3 M s
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B 97 5 HEBRAE PB s RE B e KT 4 A (BT
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155 Y BB A5 48 7~ 722 5 1 2 () B ECSE Y AR 2R
KFR. Hik, BMEREFZAE PB I IER ,
HA M KF-AE RSM ATy Al RE A T3 45 [a]
#B L LLEE G i TR BE AR WT BE R LAY ik s A
Tl B P FE AL BN . FAU IR AEZ T 5T Th 3
AHHIE, U Pseudomonas aeruginosa IKW1 Y
WG KA AL H PB ik Fe BYTERLON , 11 RSM ik
— 87N Fe-Ni 28 B )L ZIRAN, il it Fe ¥
& M\ PB A9 K- [ & 0.125 mg/L, PR R TE
3.54 1B, FE Serratia sp. EST4 BYEE AL,
PB fiiiifk i (1) pH 528 H PR B2 ER0%, {H RSM
v ) pH (P<0.000 1) F1 pH- 45 [ ik %2 H.
(P=0.008 5)fifi e i 45 1 2 T pH 8.0 FIER [ Pk
1.5%P1, gt BLALE SR T PB 5 RSM 76T
AL T AMA: . PB 3 FH bR 07 1k G B A
L, 17 RSM D3 2 i e 4 2 15 28 B AR ARG 1
EN A, M E R ALK 5 H AR
T

AR, KZBORIE T ik E i
J173 P e i s I i B A v AR 30-45 °C, HLAE 50 °C
L G el R e M B R R M
T, ABFIE TR Bk C24202 77 A By G 7 i 7E
60 CCHFJ5ZRIN 4 = BB & 4%, IFAE 50 °CAb3E
6 h JEBPREE 50.70% 5% ARG M, Wos 5
(9 R FH RS 75 BRI Ai  ES B 1 . X
P LA 4 St sy 3 e 10 A B A R Hh R A 11 I
FAOEH, BEA T s imig K i, o] FRA% &
TEAAE T 24 BTG GRS . A, TRBR C24202
I R R T R R S T AR IS ]
RE5 A A R IS MR A . AR
R, A=Wy 3R TS VR R B 98 7E Thermomyces
lanuginosus Jg 1J5 B J& FEUE OO 4P PR OB,
T 8 bR E PECY S Ortiz 2P R SBBEAS (—
Tl SHL A8 114y A 4 29 T O 4 R BE AR A PR B A 1LY
A2 e UR I RS, HAE 70 °C 4%
A REORFFIRBELS A4

A= 2R T R A LA RE D e M 21 Al
Tl fE FRAF G5 R, C24202 AN R AW
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