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BriEt; RIEAMBEHICT; REREpHA6; ¥ cu’' . Mn™ . Ba® . Zn''. Co’ ¥ TR G EHUHBGEE N,
P T E EM A BAEEE A, KRR L8 eg A WAL L lactis NZ9000 F #9445 2 K ik 4 42 & F e 444+
8RN ALF AR R T HARLE,

KEBIR: AW BB, eg AP SLBRE; LM, O kk; BE;, BFEBRR
XEFRERE: A XEHS: 1001-0629(2021)12-2471-10

Expression of the eg gene of cellulase from cattle rumen in Lactobacillus and
analysis of enzymatic properties

ZOU Aiai', WEI Yagin’, YANG Yuze’, CAO Lei', SUN Kangyongjie', WAN Xuerui', WANG Chuan'
(1. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, Gansu, China;
2. Key Laboratory of Microbial Resources Exploitation and Application of Gansu Province, Institute of Biology,
Gansu Academy of Sciences / Center of Anaerobic Microbes, Lanzhou 730000, Gansu, China;

3. Beijing Animal Husbandry Station, Beijing 100107, China)

Abstract: In order to construct highly expressing endoglucanase genetically engineered bacteria, the whole genome of the

microorganism in bovine rumen juice was used as a template in this study, and the eg fragment was obtained by PCR
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amplification In order to construct genetically engineered bacteria with high endoglucanase expression, we used the whole
genomes of microorganisms in bovine rumen juice as a template. We obtained a fragment containing the eg gene of cellulase
by PCR amplification, which was cloned into the expression vector pMG36e to yield the expression vector pMG36e¢::eg.
Recombinant plasmids containing the pMG36e¢::eg construct were electrotransduced into lactic acid bacteria (Lactococcus
lactis NZ9000) to obtain an L. lactis NZ9000/pMG36e::eg recombinant strain, and the fermentation supernatant of the
recombinant strain was concentrated using the 10% trichloroacetic acid/acetone precipitation method. Enzyme activity of the
recombinant endoglucanase was determined using the 3, 5-dinitrosalicylic acid (DNS) and Congo red staining methods, total
enzyme activity was determined using the filter paper enzyme activity (FPA) method, and enzymatic properties were
examined. A gene of approximately 1 500 bp was cloned from a bovine rumen microorganism and the molecular weight of
the encoded enzyme was approximately 50 kDa. Congo red staining analysis revealed that the recombinant enzyme caused a
clear 2.32 cm zone of hydrolysis. The enzyme activity of the recombinant protein was 12.401 9 U-mL ' based on the DNS
method and 12.2469 U'mL "' using the FPA method. Furthermore, the recombinant protease has enzymatic activity on CMC-Na,
filter paper, microcrystalline cellulose, and absorbent cotton. Enzyme activity was found to be optimal at a temperature of
90 °C and pH 6. Metal ions, including cu’ o, Mn’ o, Ba’ o, 7Zn’ ", and Co’ *, were found to promote activity of the
recombinant enzyme, whereas F ¢’ " inhibited recombinant endoglucanase activity. In this study, we thus demonstrated the
stable high-efficiency expression of the cellulase eg gene in L. lactis NZ9000, the practical utilization of which will
contribute to improving the nutritional value of silage and digestibility of cattle feed.
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B, OF o 2 AL 4T 2 2K IR R 1 R k2R g, B
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EC 3.2.1.91). B-%i % ¥¥ ¥ ¥ (B-1, 4-glucosidase, EC
3.2.1.21, BG) fl iy 7] p-7#1 2 4% B& (1, 4-B-D-glucan
glucanohydrolase, EC 3.2.1.4) 44 &, w1 eg % 5 it %
T 14T PR U0 ) SRR A S 4 4 R AR ) By, L4
T B, 45 241 4 31 4 A 45 #4358 (cellulose binding domain).
M (linker) F 4 b 45 4 38 (catalytic domain), iX
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H A, & WA V) E R ER N RE RG A 5
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FI™ {8 K FF 1 3214 2R G A7 1 3 300K 10 4R 113 DA
030 A 1 A I, T B a1 Al R HE A A PRI
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W T UL REEE, BN IAR S BT
PRBE R pH T R AT BH BTG 40 R ARG, R L
TR R VS 0 2 TR A RT LR e TR IR E R AL, R I
T LA b e WA i A S R R B R
H.# GRAS (generally recognized as safe) I\ iE % %",
A] B AR 2K R R DR RN B D 0B 0k # Ak, IF HLAE
A RS RES R AR I R
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1.1 #&

111 R A R

IR (L. lactis NZ9000). KigHFH# (E. coli DH5a)-
AR pMG36e ¥ 0 H i A K 2 B W s 5 B 4 AR 4
S0 % DR 2R B TR G ) SR IE T R LB
I 5H I e 1 B A
112 RiFRdt

LB ¥ & 55 7% 5 . JE &R O R 10 g B2 BEIR L)
S5g FMBN10g MAKEREZR 1L, 121 CHEKE
30 min; LB [ {4 3 72 JL 05 00 16 g BRI #r - GMI17 )
R A REAR S KEEAKRSg FWE S
Tz BE¥y 2.5 ¢, HI %I BE 5 g BEFE 171 g, MgSO,-7H,0
025 g, B-BEMR H M 4 (RKE A A) 19 g K=
1L, 115 °C & J& K B 20 min; GM17 [ 14 5% 5 % i
16 g B g ¥ o GM17-CMC-Na [E A5 3756 7€ 1 L )
GM17 [B 44 85 7% 2 in N 10 g #2838 4F 4F &= 0
(carboxymethylcellulose sodium, CMC-Na, 3K J§ T &
KFE A, Wmia i dE, ff CMC-Na ¥ f# )5, 115 C
K 20 min, FHTNIZRACG .
1.2 REHE
120 08 B AR Y A B R A I S HL L eg 25 A
(1) v B )2 7 40 43 A

K 7S e JE = H AL 8 (hexadecy] trimethyl
ammonium bromide, CTAB) 7% $& B2 98 B WL 4 )
AR AN RAEEEE R AW ARG R O
(National Center for Biotechnology Information, NCBI)
B P o A ) 2 R B R A ) AT 4 2 R 51
it 51 ¥, % H DNAStar7.1 45 ¥ 2 B A4 % it 51 4 -
F:5’-CGAGCAAGAAGGAGATATACATGCAAAAAA
AAGATTATCTCAGCTAATGAAACGGTCAATCTCT
AA-3(FRIZ A Sac 1 FIBEVIAL 5, IR 26 MM
fI 15 5 1k 7 511), R:5°-GCTCTAGACTAATTTGGTTC
TGTTCCCCA-3’ (N XIZk N Xba 1 HIBGYILL £0), 4™

1 eg FE K 5 pMD-18T Jii bi i % 5 % & K 4
M N )0 JE AT Blast bt I R 4 5 5 PR AR
WIFFIR 3 RSk B 3w . LR B e v 4
B R A AR Taq B (EMERE A TR A &) 975 H 1
H: K eg, PCR X M.AK 224 94 °C TAZ 14 5 min, 94 °C
AP 30's, 56 'C B K 30's, 72 °C EAH 90 s, 35 M
Fr, 72 C ZE{#H 10 min; PCR 7= #738 i 1% B fig B et
J2 3k AT B PR A I, I A DNA 4k [al ik 7 & (b 5t
RIAENEHABRAF) B
1.2.2  E A FRIA BRI R4 2

{5 P Fh N VTS Sac 1 F1 Xba 1 (TaKaRa A 7))
1 37 °C [A] i B V) eg £ K AN 4K pMG36e 1 h, H] T4
DNA % #2 [ (Thermo Fisher A 7)) 22 'C i & # 5
AL ZE KT E. coli DHS o J& 32 A 40 M, hEL A 50
Wi TR V& EA T B PCR A USRS H Sac 1 A1 Xba 1
SO 1) 56 E il ) 96 IE 1F 5 5 O 3 A 4 v R N ) gk
AT 5347 o
1.2.3 5 4 500 % 1 L IR 1 % B 2 A 7 1 9

P BRI 26 15 7% 10 FLIR 1 NZ9000 F B 74 £ Ff T
5mL GMI17 W AARE 756, 30 C §ribiEFR 2 d, A5
2 & Holo Al Nes' ™ 1 77 72 1 /£ L1 14 1 Jak 2 25 4
i, B 5 1F 4 (4 25 415 B DNA 1 pL (100 ng-uL )
IINE] 10 pL BB Z SRR A 335 5 BB 21
A I E AR, B A 2 200 V, 200 Q, 25 pF,
WEIF3~4h 5, AT GM17 (4 2.5 ugmL ' 45 %)
A AR L, B 30 °C 5555 48 h J5, Bkl GM17 “F
BRI ERAN B TR, B B CE 9 10 min J53E/T PCR 481IE,
56 UF 1F i F) 2 21 7L BR B NZ9000 F T Ji5 42k 5 .
1.2.4  E A JFORITE FLRR B P AR A

L6 UF 1E B 0 T 3% 12 100 (1 HL BB Rh£E GM17
Ri 7R 30 °C k577 48 h J&, KB WRAE 4 °C. 12 000
r-min | 2 F B 0 10 min, BUK B2 b3 W T4 1
10% TCA/P BHPTHE 8 H 5, —20 C E 3h J5 T 4 C,
12 000 r'min ' #5-C> 10 min, F T5% (9 74 B 96 3 U U
2 K, EEBCE 30 min, BEFYE L BRAEE I 1 mL
ddH,O W& R UTHE 43 5 ¥ 2 2H 7L 2 11 1 B S B 9%
TR IS VR R ARE 7S R S e A A R R
25 SR B ZH B IR BRVR S B IR BB VR B AR S
B S5 B UCE il #F )5 2847 SDS-PAGE il
1.2.5  HZH P4 706 SR 0 Tk 10 i i Al

KA RIR AL (R E A ) Gkt iz & H i
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76 e, B DNS v I AL b 5 R
ODsso nm 18 (53 Y66 BE ) I35 B 1Y, R
HANEMAIARE REE LERKRGE A, WA N
o bor B 2H P R T 3 TR 4 R 1, A8 R AR
73 (FPA) 3246 90 A o U7, ) 0 O S 34 o 3 0 52
IK AR P B KN
1.2.6 T 20 P 13 5 3 T e 2 1 R W5 1

B R pH: 7E 50 C B 244 R, BL 1% #8 F &
SF Y BN (CMC-Na)lE N W, ¥ fife 76 1 % 6 2% b
WOETZREFEAF), /£ pH4A 5.6.7.8.9.10 1)
AT FH DNS 0 5 2 4 A U SR Bl I A O F
VR K B T, B B (AT 100% .

BT I N B AE pHON 6 26 4F T, ¥ E 30,
50, 60, 70, 90 C [ FE B %, LL 1% CMC-Na 4 i
Yy, V5 FRAEBE R 2h 2 vl R, T DNSVETE &R T
W 5 2 202K A R EEE 77, B G 108 100%

JEMNIK AR BE F143 M7 7F pH A 6. MR FE A 50 C
(1 4 4 F 4 5 L CMC-Na. 4% (FPA). it Jig # L 1%
m £ 4E 2 (Avicel) MRV, W R 7E B IR 2R 22 v i
FH DNS 750 & 5 20 & H B0 77, /- B4 BEG | H
S A [ JES 420 £ 7K st e At

TR 4 Je8 5 o 2 P U R T 1 B
7E pH N 6. [ MNIRFE N 50 C 1% R, LA 1% CMC-Na
NI, 5 A AE T IR R % v R, RS AR R A
5 mmol-L ™' ff] 4 J& % ¥ (BaCl,» CaCl,. NaCl. HgCl,.
FeCly» MgClys MnCl,. CoClys ZnClys CuCly,s KCI, H
DNS v 7 =5 45 A 1780 SR 0 R B 35 /0, A BASR n
& B T 1) B A LR TR B VR T R A, LS
J17H N 100%, LA 2 % Fh 4 @ 25 5 %) B 41 N )
5 Tl TS ) S U

1.3 BBHH

# L B4R B SPSS 19.0 B 1E 1 ANOVA i3 47
R & 5 24y M7, 37 ) Duncan ¥ 3EAT £ H L E G,
F Graph Prism 8.0 {2 il 47 £ B AR 1A o

2 AR5

2.1 egHEFERMRMERRASMAELE

2 PCR ¥ 14 A AZ AT B8 7 51 0 5 J mT 6% 2 [
FK/NA 1500 bp (] 1); 7 NCBI _Lii it Blast #E47 [R5
PE LR, 312 5L R 1 5 0 B 2F O AT B (Bacillus

subtilis strain SRCM102748) ] eg 2= K FHAUPEIE 100%:;
R 48 JE [K] 7 41 J i MEGA 7.0 314 1 2 R Ge ik AL i
(K1 2), RIGARIEFTY 1) eg JPHEKE Bacillus subtilis
strain SRCM102748 # ¥ (& 3 5 A CP028212.1).
73 M Sac 10 Xba 1 V3] B [5) I i 1) 550 20 ot K
pMG36e::eg Fl pMG36e 7 Jit FLEAT 5 1IE, pMG36e::eg
JRCRL D) K /N 1500 bp i A7 ) Z e (8] 1), 3R45 1
BB BN S BUI RN AR, 3R W) AR Ik B
pMG36e::eg T4 & KT -

M 1 2 3

5000 bp
3.000 bp

2000 bp
1 500 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

E1 HERER PCRY B~ R EHRNNEBYLE
Figure 1 PCR amplification products of the target gene and
identification of the recombinant plasmid by
double enzyme digestion

M: DNA 7 TR EFR#HE; 1: eg ZE[K PCR =5 2: pMG36e::eg
HEHFRWEEY); 3: pMG36e 28 iR X EE )

M: DL5 000 DNA marker; 1: PCR products of the eg gene; 2: Double
digestion of pMG36e::eg recombinant plasmid; 3: Double digestion of
pMG36e empty plasmid.

22 eg HFE I B E P RIER SDS-PAGE 7347

I 10% TCA/P R YT 3E 29k 46 5 40 7L R 1 K
B LW A e, LR B R B AR
M S O SR N R el DRSS sl R A
BRI (140 BV 55 3% VBT S R T A R S R S T
VE 23 Wil BE 3E 4T SDS-PAGE 73 M7, 45 B & B . 25 i
o B AH B 0 R BB VORI DTUE A T B A
IR, 17 2 2H LR TR B TR I R 4 25 1 7E 50 kDa
B A B S ) 2%l (18] 3), RUTA H R AR
23 EHAYVIEREREEE DN E
2.3.1 DNS yZEHFIPE LRSI & 5 4 P4 D) 5% 0 g 1) g
i)

F DNS & W 45 A V) 4 2% 68 B B 76 4 12.401 9
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99 ’_7 Trichoderma viride
99 Phialophora sp. G5
68 ' Taiwanofungus camphoratus strain B479
I8
100 Bacillus subtilis strain SRCM102748
Cossypium hirsutum
81 Globodera rostochiensis
99 Clostridium josui
9% Bacillus subtilis strain IARI-SP-1
95 Geobacillus stearothermophilus strain CICC-20649
68 Aspergillus terreus
_|— Fomitopsis palustis
% | Synthetic construst clone BS30322
99— Nilaparvata lugents eagle
0.50
2 g FRIRGE B
Figure 2 A phylogenetic tree of the eg gene in different microbial species
R 1 ZHHEKGESERIELEN EBEIENE
%g(s) gg Table 1 Determination of enzyme activity using the
lg(s) lﬁgg 3,5-dinitrosalicylic acid (DNS) and filter paper methods
63 kDa ] Iﬁjj -1
e . Enzyme activity/(U-mL )
48 kDa—g Mﬁﬁd I 2 A 1 o B 2L
Enzyme activities Enzyme activity
35kDa=— in the test group in the control group
25 kDa— W gggyri:lethod 12.401 9+0.044 5Sa  0.5734+0.140 2b
17 kDa— . JEARERT 703k
Enzyme activity 12.2469+0.4475a  0.5790+0.118 0b
[ 3 SDS-PAGE Hjik of filter paper

Figure 3 SDS-PAGE electrophoresis

M: EARD FHRERME; 1. 2. 32 %8 NZ9000/pMG36e::eg
HAWMER. IR BBERAREEA . BB S RTT
Y 4. 5. 6743 B NZ9000/pMG36e 7 it A T 20 I HO . 55 9%
TR s AR R B R A UTE

M: Protein markers; 1, 2, and 3 are NZ9000/pMG36e::eg recombinant
bacterial suspension, protein concentrate in culture supernatant, and
bacterial suspension after ultrasonic disruption, respectively; 4, 5, and 6 are
NZ9000/pMG36e empty plasmid recombinant bacterial suspension,
supernatant of the culture medium, and sediment after ultrasonic

disruption, respectively.

U-mL ™, JEACIEN A5 S5 A 12.246 9 U'mL ', 3@ it
SPSS 19.0 A4 43 A bk 53¢ 55 21 Py 1) %8 5 3 it A %o e
B JME R, WG H B2 m T A IR (P <
0.05) (& 1), YiWIiZEE B A R 47 (Y BE 5 .
232 EHANYIHRERNIR LG

53 4% 4 SDS-PAGE 43 #7 I £ & Al ddH,0 1E

[FATAS RN R R g0 4 S5 0 B2 ) 22 57 iR 35 (P < 0.05).
Different lowercase letters within the same row indicate significant

difference between the test and control groups at the 0.05 level.

A AN GM17-CMC-Na [ & 5 3% 3 v 30 °C
% E R 12 h 5, KIS R pMG36e 5 20 B 1 B
T BRI IS W R AR B S T UE AT ddH,0
25 [ St R 38 T K i P, (E B 2H I % IR Y B T ROR
20 8 LB R K AR B, B 4 i) 1.98
2.32cm (K 4), Yt ER F o7 s H RGNS /7.
2.3.3 2 N ) SR I8 1 1 < BT A

PA CMC-Na A Ji& A 52 = 20 N V1) 6 58 0% Bl 72 A
Al pH ™ (1 Bl 3, 45 R 50&E R B pH A 65 7E pH
N 5~7 I 52 1 R AR IS pH AR T 5 B, Bl Pk
B FIARAR (B 5A). IR 78 B 50 3 4128 1 B 16 350
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Figure 4 Congo red stain zones of hydrolysis
1. 2. 3 % 514 NZ9000/pMG36e = Jii i 5 20 12 1) B i« 4% 77 T
M LS R B AR PR S M UOUE s 4. ddH,0; 5. 6. T4 IR
NZ9000/pMG36e::eg = 2H P 1 75 i 1 J5 B DUTE - 35 782 I B35 R
HAEA.
1, 2, and 3 are NZ9000/pMG36e empty plasmid recombinant bacteria

suspension, culture medium supernatant, and cell sediment after ultrasonic
disruption, respectively; 4: ddH,O; 5, 6, and 7 are NZ000/pMG36e::eg
recombinant bacteria sediment after ultrasonic disruption, culture medium

supernatant, and recombinant protein, respectively.

SRS FEE AN TR 0 B K A e 1~ S R 4 @ 2 Rt
20 & R AR5 H R N pH 35K 6.

4 U R L CMC-Na N JE W, 15 %
NipH M 6 [ 26 4F T, 2 R R AR T 70 °C B, AH
X} BTG 1 AR T 60%, 2 J5 B8 5 I BEAS W
TN W, MR Rk 90 °C R E AL D) R
R T P I 9 IR B A, RO0E RO IR R 90 C
(K 5B)s.

20 P4 ) FERE B LA CMC-Na. 305 1 4k 2 I8
4% TG B D S P I 35 A — 5 B T, 48 DA TS A
NI B E 2R Re 71 B (B 50).

AL YR R BE S DL CMC-Na N R, 16 ) M
pH A 6. I8 %4 50 'C 9% F, Cu” Mn’ . Ba’ .
Zn’ 'L Co "L HE LK A T DL 4 A
J3, T Fe® 40t 25 45 P Y 46 S W e £ S 0 (3 2)
3 e

Tt 0 2% B b 70 g ) 77 P 2 /51 ) 44 3 ) 1) DRL )
AR, D8R R 08 5 e 3 P o) S s g Y. 9 4R
Jo B A P A Y R R 12 S N IE BT R )
gz —", FrhoR B o S FFTE (Bacillus) W43
Tl 41 4k 2 B AN Ve K B, AT 78 B 3h Hh 5T % B Bacillus
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Figure 5 Analysis of the enzymatic properties of the
recombinant endoglucanase
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A: Relative enzyme activity of recombinant endoglucanase at different
pH values; B: Relative enzyme activity of the recombinant endoglucanase
at different reaction temperatures; C: Hydrolysis capacity of the
recombinant endoglucanase on different substrates. Different lowercase
letters indicate significant difference between the different treatments at the
0.05 level.
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Table 2 Effects of different metal ions on the relative enzyme
activity of the recombinant endoglucanase

ERET A S 70
Metal ions Relative enzyme activity/%
2+
Cu 151.54+0.82
Mn®* 138.06 + 0.47
Ba’" 127.86 + 0.43
Mg’ 11730 + 0.98
2+
Fe 90.35 + 0.50
Hg'" 118.76 + 0.13
K’ 109.83 + 0.20
2+
Zn 129.32 + 0.08
2+
Co 135.15+0.26

%+ Control 100.00 + 0.03

PEA S M [ W50 5 [ R, WK P U706 5 0% i 6 K] A A0
ETE FHhRERMEX — . K RIS RS
DR 24 PR I T 2 K BR AV 1 355 75 2 RIURH X 13 B ) 8% 77
TSR SRR R T2 R . R 75 K
P R G RIE T eg2 #: A, BEWEE A 1.321 UmL
(R [ RE 20 0 2 M 4 s 5 7 4 45 P i 7 K AT
Hh o [ 3R A NG B 2 FR T T (Bacillus subtilis) 1] eg
HEH, WG JIME Ik 683 UL, KEZ&E A NEMIARIL.
i) J5 7 45 0 2 ks 2 2 AT B (Paenibacillus
polymyxa) eg FE K, IF4E KAt & o R I&, WIS By I
{59 2427 UmL ' BURTE L R 4 h o] R ik E 4
WU SR PR, SR — e A A T E AR AR
Jo At B A F Gt R AN BE IR i A 2 H 44k IR X, 1T RE
S AR Rt R AR, KA 5 51 s m
AR (W VS 55), A By ik B4 i 4 1 A o T 4
DL & Tl AR 7= 75 3R o 7L IR 1R AR 8 ol 4 1) B bR
128 F R T FE A DL R AR 0 T 2K B, AL A
W R FLER B AE e A0 Rk T RO & FR A
VR 1. Ozkose 2™ 55 [ 7 SR U T2 B IR H
B 1] Neocallimastix sp. 1] 21 4 2% i 5% K] 76 LI
HSE LRI, R 1% 2 R R N & T A R R
DURTHE R 4T 4 R PR . FLER R R IE R 4L L. lactis
NZ9000 /& £ fh 2 % xR IE R G H Ol iz M, R
Bk 5T HT R pMG36e KR T pWVOT ek, 84
()58 J5 3 1 p32 A ATk 22 b 4 IR ) 1 A% B 4 Ar
R R B & E, %R K /N8 3 600 bp, J7 8 15

T O Rk RS rh R Rk B & R
g, R @ e Gt R B (Trichoderma
viride) R4 KEKREEFEIA cbh 1T HFIH Fk pMG36e
58 BAE FLER B R 2Rk, N4 AR AR (E X
16.7 U-mL o AHF 5t Bt 31 i 76 31 9 L im 7
— BUE 5 K A, % BT B AR S R R OA I R ] 5
S AR AR Ay W, SEPL R, B e A
F 1) eg 3 K 7 51 2 2 3 78 i b pMG36e Ja HL 5 &
FUER B, e Th o i 08 W D) R, R 4
T RK/NR 50 kDa 7247, 5 FUEA K /MHETT, 1% #2 H 2k
21 2 ZEN GMILT 85 77 28 56 30F B 7= AR 81 52 1 K A P
YRR DA S T 43 s B R IR AR, 1% N V1 SRR T
W IME Y 12,401 9 UmL ™o 1 E 0T 34 ) og S
K, I FLER B P R IA, EIE R AR LIS M. A0
583K 45 19 9 D) i 58 B B (4 8 0% 5 Nakazawa 250
W W EETE A B, 32 T 24 %, B RIS
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TR 52 P WL, pH e s M 10 45 SR v T 6 A 2R S AT
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FF B AUO1 (B. licheniformis AUO1). V€ ¥ 2 10T 1
DL-3 (B. amyloliquefaciens DL-3) Zs4H 1 - g,
S R SR SRk Y AR
55k 0 06 g A — B 2% AL [ WX AN
JEC 0 1) 7K R % 71 45 B 5 Hakamada 25 "4 38 (1 76
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1) 5 B 1) 50 S BT iR E AT I 90 °C, A — Pl
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