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High efficient biodiesel production by synergistic catalysis with
combined lipases
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Abstract: [Objective] To optimize the process for transesterification reaction in biodiesel production
by the synergistic biocatalyst in high water content system. [Methods] The synergistic biocatalyst of
Candida antarctica lipase B (CALB) and Rhizopus oryzae lipase (ROL) were expressed and secreted in
Pichia pastoris using genetic engineering techniques. The single factor experiment was used to
optimize the process conditions, and the methyl ester (ME) yield was used to evaluate the
transesterification ability of synergistical biocatalyst. [Results] The maximum ME yield of 93% could
be achieved using 16 U/g oil combined with mixed lipase (CALB:ROL=7:3) for the methanolysis. The
molar ratio of methanol to oil is 4:1 (initial methanol/oil molar ratio 2:1 and 1:1 at 12 h and 24 h,
respectively), water content 30%—60% (W/W) (based on oil weight), temperature 40 °C for 29—34 h.
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[Conclusion] This synergistic catalytic system is environmental friendly. Furthermore, both the
consumption of lipase and reaction time were decreased more than 50% compared with the
conventional enzymatic preparation of biodiesel. Therefore, this study provides an effective way to
decrease the cost of biodiesel preparation and also has great potential in biodiesel industry.
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1.1.1 ERERA: piiER22®ERE(C. antarctica,

NRRL No. Y-7954)4 5 F 3 [ A0 5T A g
Lro KHBHFTHE (Escherichia coli) DHSou, SE R EEEE
(Pichia pastoris) KM71H FlJfiki pPICZoA W H
Invitrogen (Carlsbad , California , USA) 2 A

pPICZoA-CALB K pPICZoA-ROL 555 % 4
AL Sy i T A TR TR R

112 K3 BREA R BRI T Oxoid
(Hampshire , England) /2y 7] ; A5 #H fi2 H fig (Methyl
palmitate), A A5H2 H fii(Methyl stearate), JHER FH g
(Methyl oleate) ., ViR H fE(Methyl linoleate), M.
JRER H i (Methyl linolenate), —=FR HiMBE . X HH
FLIK W ~F TR R (pPNPO,  4-Nitrophenyl octanoate)

RNase A . Tris-HCl Fl% "% 5 K (Amp) % 14 H
Sigma 2\ H]; ExTaq 545 W AR EIPE N VIR SSE H
TaKaRa Zv#]; PCR 2ifl, {&7>FHArMES H TR
Gel/PCR Extraction Kit, JFrki/NagHEBGAR], W H
Biomiga 2~ H]; 59 LA TAY) TREA R
ARG DY R e TRA RA R S, FL
ARAEARG N 534 R oA At

113 HHFE: HTHEFE MR LB
(Luria-Bertani) 5772 5E(g/L): K 10, FEREER S,
AALsh 10, 98 pH % 7.0, JH T EAFIKSELE YPD
BFigrdk(g/L): MERHEIU 10, AR 20, D-#j%
B 20, HITHAFEMER YPDS HiFidk(g/L): 1
YPD FiFEEA LA FERIN Sorbital 182.2 1 100 g/L
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Zeocin 1 mL. BeWHREEAYE S50 BMGY Ki5%
H(g/L): TERHREICY) 10, FEEMR 20, YNB 134 (&
TR BN S LR B RE AL, B 0.2 FTH
100, fii 0.1 mol/L pH 6.0 FYBSERENZZ IR = 1 L.
Wi F B S 8 Invitrogen 23 &) 1Y EE IR 2R 0K
FMe = FRRHIMAERR OHEEFL . DL = E R
Hh R 2%R CIHBER AR TR L 1:3 B, 78
9 500 r/min F A 7 min, FHAPSESNZE, AT
PRI ARG NP BRI ] o

1.2 WHZE

1.2.1 BERARB TREWAYGFIZ: FEAIFTR. pPICZaA-
CALB % pPICZoA-ROL 434 LARR 14 i Sac 147
Ml i e AERTEERE KM71H B2 840
STRIAIMATA 19 1 mol/L ILALEE, T 30 °C /Kin#k
ERFR 1-2 h, BRI T 518 B Zeocin
) YPDS P-4l I, 30 °C K555 3-5 d, 20l iAo
FkH 4 ROL Ml CALB fOFEN TR . EAAL TR
Z7% Invitrogen A B EEIREERER A TFM . =R
HIlER A g . BRIG™ CALB #1 ROL (Y
BB BB YE , R T 5% —E R HIMAERR) YNB
SERREFRIL AR L, Ki9% 3-5d, A% 24 h #h 7
100 pL FEE 2P Es b, WEI R BUK i R i
ik ROL Fil CALB WS TREEE, H AT &4
15% HM i YPD 48180 °C {747

122 EEEMEFZ: DRI EEIRER (pNPO)
b JEC 0 s N W A 9 20, 13.5 mmol/L pNPO
50 uL A1 0.05 mol/L pH 7.5 Tris-HCI 850 pL 2% i
TRAHIE), 1640 °C Tk, A 100 pL 3 B BE 1Y
B SR S min, 7F 410 nm 28R YG(E . 25 FHRE
0 22 v AR B o — A Tl % SR (U) 8 N TE
pH 7.5, 40 °C Z&AF T, BB 1 pmol XA AL
RT3 (pNP) BT 5 L Bl ot o R PR B P00 5 T R
JH Bradford 32!,

1.2.3 E40f5 CALB #1 ROL BYEI & WG TG
N TR PR R VE HERD T BMGY 55723601 30 °C
200 r/min K53%, PR BMGY Bt rp g1

W o B A WA T A W) N 2% (BioFlo/CelliGen
115, Eppendorf, USA)H, TAEAEFE 7 L, 1i3E
RN 28 °C, FEHIE4A(E DO N 35%, HBhjn
25%F K4 pHAE N 6.0, KT 24 h ZHLRlE IR 5L
RIFAEIS, DL 40% 9 3 SUE HAMITHYH, 2 ODgoo
IKE] 200, 452 (EAMIH . 2 h 5 R H S SR EL,
R TR /v o T R ) 2R T T e R
fift, RIAACHIE ARG FR 2 72-84 W, 431
WA 2 P4l A1 AT VW, 43 A T S I A
FARFE
124 EAMECXSHPEMLAZE: 5 ¢ KO
H1, A 20-100 U 95 A5 (CALB 5 ROL GG
BLEER 1:9-9:1), F7KEHR 5%-110% (FHXFRE
WE ), I A — R R, By
3:1-5:1, 7 50 mL HIE=FMPIRA, 7F 40 °C.
200 r/min ZRAF T HEATEEERAL N o IRV 45 R 5
12 000 r/min 50> 5 min, HEZREIARIEF A
[SRF T
125 EAMECAXSHBELEYSH: K12
AR A FHIE e B — e VR, I ASEARRR Y
1 g/L WAR(H-ERERHER, IECBERCH]), 1RAIEE
FERE T, R Agilent-7890A <A (IEIL, 43
Bré&fh: HP-5 BA4HASHE, FID iy, FMER
2 uL, FILGRIEAE 170 °C , L) 3 °C/min FHEZE 200 °C
LR 10 min, L) 20 °C/min FHEZE 260 °C, #EFE 1R
& 250 °C, KRR 260 °C, PANARIZEIHE HIES
RIS Lm0 Y B 1k (1% NaOH Mo fiit
b, EEMEE R L 7:1, 40 °C 2 70 min)3kfs
(%) i T TR FP TR 2 Sk il s 5 4 FP Rk ) G T R P TR
()i BRASEIR TR 3 WK, B R 3 RIS IA,
RELR WonbRIEZE(E
HIEA (%) =
ST RIS AL =4 b BRIV H s ) it 7 4
AR TEA: FG L PRI IR PR R 204

x100 o

X F R AR SN T A9 I R FR B R TR
FHRTIE GS-MS 74T, LA =14l i >R FH Agilent
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GC-MS Trace DCQ A JREKHAL, b &ER .
HP-5M (0.25 mmx30 mx0.25 um) B4 H:, B TR
RJE 230 °C, MS PUBATIREE 150 °C, 2 /M4l He,
#HAHE | mL/min, 433 50:1, #FFEESH 1 ul,
AL 250 °C. 7 FHR : BILAHR 150 °C &
i 0 min 5, LA 5 °C/min F+% 190 °C, FLA 1 °C/min
JFZ 205 °C, SRJFLA 10 °C/min T+ Z 260 °C IH-14
& 5 min,
2 GRE54Hh
2.1 CALB #1 ROL By#I&

=ERR B AR T R SE R AN 1 s, B
PEXT R JE AR TRTE —SF R H IR T b iz R
L R TE — SR TR g B R A —,
R EHE T IFEIAR) CALB #1 ROL F&fi# =12
HIMAEE A —, BhikiBEHE HAR S W ERZ
BRI HETE UL S22 . 30 °C. 200 r/min H5 3% 8
MM, 45T, CALB EAMMG A 42.9 U/mL,
BRI N 0.5 g/L, ROL T 41 [l i 17 T ot e
137.2 U/mL, EHE X 0.3 g/L. 41K 2 iR ,CALB
M ROL VUSRI X ik T R Wak b, il
SNEFLATE AL AR o, SR O Al ik B Rl
e 2 A CALB il ROL {5 41 % BF R ARk 43 ) 0B 4 1

E1 =B HmBELHE TR
Figure 1 Tricaprylin screening plate of recombinant P.
pastoris with high lipase activity

B: pPICZaA-ROL+KM71H T4 4.

Note: The strains with black line marked are negative
control. A: pPICZaA-CALB+KM71H recombinant strain; B:
pPICZoA-ROL+KM71H recombinant strain.

A B
kD M 1 kD M 1

94—
40—

30—
24—

B2 EFHEFEAERLIF SDS-PAGE 517

Figure 2 SDS-PAGE analysis of supernatants of
recombinant P. pastoris

. M: BAFbRMES TR A: pPICZoA-CALB+KM71H F4
WA 1 SDS-PAGE 43#7; 1: pPICZoaA-CALB+KM71H
HZH I KB 3% . B pPICZoA-ROL+KM71H T 4H B & ek
1% SDS-PAGE /3#7; 1: pPICZaA-ROL+KM71H H 4 # K BER
IRCH

Note: M: Protein marker. A: SDS-PAGE analysis of supernatants of
pPICZaA-CALB+KM71H; 1: Supernatants of pPICZaA-
CALB+KM71H. B: SDS-PAGE analysis of supernatants of

pPICZoA-ROL+KM71H; 1: Supernatants of pPICZaA-
ROL+KM71H.

1o R T, R PR R R B A R B I AT AR A
BRRE, KWW R CALB 41 i j§ % vl ik
1792 U/mL, HEHWKE N 1.4 gL, LEAKF ROL &
ZH BTG AT I 171.4 UL, FHEAHRE N 1.0 gL, 5
WHREAEEZH CALB 1 ROL Jii, HbJ5 ek o
P fh il £ A g S i A= AL
2.2 CALB #1 ROL B & %55 A5 L R B9S2 M

FI I E 20 CALB M ROL il i ¥4 & 55 & e Ak
K%, BfHHEN 16 U CLAB-ROL/g i, B3t
Jg 41, HABSAFR 1.2.4, 248 T AFAE CALB 5
ROL MRS ACE, & A MELL CALB:ROL 24 7:3 it
LB G B fEACR e, BRI R IAH] 87.4%. 4
CALB:ROL H 7:3, 6:4. 5:5 (W& A HC LI RS
R (85.8%—87.4%), T4 CALB:ROL Jy 3:7
BF, HEER TS 78.1%, HULA LIHENE A
AR R PR £ 1) CALB B/ ROL A3k
ST AR

TEfIN CALB:ROL Wy 7:3 JE e A4 A AT He i)
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Femb I, #EHL CALB:ROL 4 10:0, 7:3. 5:5. 3:7.
0:10 M EAMRFEENE SR, WITE SR E
XA 52 . 455Kl 3 Fios, M A EH
H{UH ROL H—ffFHE 50%0f, RIE A &
2574 60 U (16 U/g Ji)ATRIAT A% ROL F#k 120 U
(32 Ulg iiAIMEILRCR . B A R0 e AR =N
80 U (18 U/g i), HE AL CALB:ROL 2 7:3
ORI, HEEERN 88.6%. XL IR,
BA TR BT — IR, AUE
SO/ T B, HAR ) B R AR o
23 BKENFEIECMERAZN

TRUT K SR e, Bl &R
18 U CLAB-ROL/g i, & ATMFH L CALB:ROL
7:3, HABR AR 2.2, S5 4 s, 45
IKEEHN 50% IR el , HBRTSHRIA 91.8%.
XAEERIGUE T ROL HA R R K & i 521
258K 8N 6%—90% 2 A1 & A AL FF R fL A5
RHBHA 75%LU Lo
2.4 BERMARX ISR

CLI0UE F 5 R M A BE R EE R 401 B R RS
Rl (B A B, FILREEEEmE R R 4:1,
N TR E AR R RAER BRI =, A
760 h IIABSHEE R L 1:1-4:1 W s o7 R (GE
1), HABRRZAER 2.3, 25580E 5 i, K3

100
80 t
60 |
40 |

N r//./.:-/H

0

ME yield (%)

0 20 40 60 80 100 120
Amount of lipases (U)

3 CALB #1 ROL BIEE 2 M5B (L R BIF2 0
Figure 3  Effect of different amount of lipases on
transesterification

Note: 4:C3R7;0: C5R5; A: C3R7; *:ROL; m: CALB.

95 1

&t

75t

ME yield (%)

65

55

0 20 40 60 80 100 120
Water content (%)

4 BIKEMERELLRZIE

Figure 4 Effect of water content on transesterification

SO )5 By SR AR G o R AR BT L
y2:1 i, WERRRREA AR KE R, BA
B T OB TE] 5 TR AR B e T 2:1 i, H
BEfS R IFA L PR Z, strhat Z2 Bt i
= T R AR . ik 1ROk 2 (280 R TE
12 h BHINA B P BEE AR, 8558 88 12 h A2
BT 1AL 3), (R P ERRA U T RE,
SAMTIRCATE 12 h ANREES I 22 H e, 5 00) 25 53
H BERR SR X IR A il = A d e . 2R A DL SR 2
W, BREAHEH RN Z A B RS, FRA
FEAERIRBT L, PTLAVTEEE 0 h B, (P R 2:1
JMAFEE; 12h f124 h B, A TR 1t 20 P EE R
A8 M D BRI A R, IS EE R 101 A
FEE, HERTS R o, SOnitE ok 36 h B, H
BEAERE ik 92.6% (K 5),
25 EfEREE R SHRITEIE

M LA BRSSO R A R
S R SRS R . 40 °CL 200 r/min,
CALB:ROL HfEE AHERCLL N 7:3; IMAME A
NS S 18 Ulg KT RS KB /R o
4:1; I ORMA 2:1, 12h LA 1:1, 24 h JTA 1:1
FIBETMEE R E A HE I A B s Bk 50%. fFix
FEARM T AT R AL N, 2T 2k, 255
K6 s, I T 29 h, HESEHRRIA 90.2%, 2
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Table 1 Methanol addition methods

ik 0 h FEIMEE/R L

12 h FEHEE /R H

The molar ratio of methanol The molar ratio of methanol The molar ratio of methanol The molar ratio of methanol

24 h BEHEE/R e 36 h BEIHEE /K L

Mg and oil on 0 h and oil on 12 h and oil on 24 h and oil on 36 h
775 1 Method 1 2:1 2:1 -
Ji% 2 Method 2 2:1 1:1 1:1 =
F7% 3 Method 3 1:1 2:1 1:1 -
775 4 Method 4 1:1 1:1 1:1 1:1
Fi7% 5 Method 5 3:1 1:1 - -

J7¥ 6 Method 6 4:1 -

100

80

60

40 f

ME yield (%)

20

0 £0 4.0 6.0 S;J
t(h)
B BEMAR MR RO

Figure 5 Effect of methanol addition method on
transesterification

Note: o: Method 1; m: Method 2; A: Method 3; <: Method 4;

% Method 5; e: Method 6.

100 [
80 [
60 [

40 T

ME vyield (%)

20

. . . . .
0 20 40 60 80
t(h)

6  EfESM T HEER 1L AR RO BT 8] i 25

Figure 6 Typical time-course profiles of the ME yield in
transesterification reaction with optimal conditions
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P, 1. 2. 3 (VBRI Y CALB ARUKME, $2
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TG EILT ROL o il X 5 TR L RIS 1 S 50 45
BET LA L, BAMRREMS BT ET
PMRIZEON, , ANCH B8/ T R &, HERAr
HH RIS SR =

VEREA I 1 & K B AR A W A R
Sem iR R T L, W ER AN A Al R,
17 3k e 14 K A7 A ) ] R 350V i 1 396 s o 7 1) A
3, M BB R MR Katid /b, B 3
ZS[1SZ R, Al g A DR S K i e i BT EAK
MR B BRI A f Al 25 2R D S, BB /K i
N 80%!" ), T FE WA 22 e RERS DT B A JE K AHPR
HAT B O RRE EDS, AL R R B ok i
H S0%EHEALBCR Fchy, 5 SCHR[191%T L, PRm) A
R Rk 5T ROL MR IELER, S
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Z5RIGIE T ROL HA R G M/K & - ZME, 1
CALB 37K /o

H R A S0 B EIm S /R ek 301, HIERAL
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S5 07 B () 5 PR R ey R A O, Ak,
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BIATHRAE T 90%LA | iy FH R AR
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A HERRRKT 93%, s T, Hitizd
AR R R R B T 2 Tl AR

2 % X W

[1] Meher LC, Sagar DV, Naik SN. Technical aspects of biodiesel
production by transesterification—a review[J]. Renewable and
Sustainable Energy Reviews, 2006, 10(3): 248-268

[2] van Gerpen JH. Biodiesel processing and production[J]. Fuel
Processing Technology, 2005, 86(10): 1097-1107

[3] Marchetti JM, Miguel VU, Errazu AF. Possible methods for
biodiesel production[J]. Renewable and Sustainable Energy
Reviews, 2007, 11(6): 1300-1311

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(1e]

[17]

[18]

[19]

Haas MJ, Mcaloon AJ, Yee WC, et al. A process model to
estimate biodiesel production costs[J]. Bioresource Technology,
2006, 97(4): 671-678

Suehara K, Kawamoto Y, Fujii E, et al. Biological treatment of
wastewater discharged from biodiesel fuel production plant with
alkali-catalyzed transesterification[J]. Journal of Bioscience and
Bioengineering, 2005, 100(4): 437-442

Fjerbaeck L, Christensen KV, Norddahl B. A review of the
current state of biodiesel production using enzymatic
transesterification[J]. Biotechnology and Bioengineering, 2009,
102(5): 1298-1315

Kaieda M, Samukawa T, Kondo A, et al. Effect of methanol and
water contents on production of biodiesel fuel from plant oil
catalyzed by various lipases in a solvent-free system[J]. Journal
of Bioscience and Bioengineering, 2001, 91(1): 12-15

Ban K, Hama S, Nishizuka K, et al. Repeated use of whole-cell
biocatalysts immobilized within biomass support particles for
biodiesel fuel production[J]. Journal of Molecular Catalysis B:
Enzymatic, 2002, 17(3/5): 157-165

Wang G, Luo Y, Jiang ZB, et al. Production of biodiesel
catalyzed by a novel lipase LipB52 from Pseudomonas
fluorescens[J]. Journal of East China University of Science and
Technology (Natural Science Edition), 2008, 34(2): 197-201 (in
Chinese)

ENI, B, LIEE, S BENRITG LipBs2iEfbA:-yseih
[0]. HEARH T R2E2540: FARBIAR, 2008, 34(2): 197-201
Mao YJ, Ou XJ, Du W, et al. High-level expression of lipase
from Bacillus thermocatenulatus BTL2 in E. coli and its
application in biodiesel production[J]. CIESC Journal, 2012,
63(7): 2100-2105 (in Chinese)

FOPME, WRedr, ARAR, AL KIBAT I m KPR k6 i G
BTL2 X FHAAb AR il s A= S [J]. b T2%4, 2012, 63(7):
2100-2105

Li X, He XY, Li ZL, et al. Enzymatic production of biodiesel
from Pistacia chinensis bge seed oil using immobilized lipase[J].
Fuel, 2012, 92(1): 89-93

Lee JH, Kim SB, Kang SW, et al. Biodiesel production by a
mixture of Candida rugosa and Rhizopus oryzae lipases using a
supercritical carbon dioxide process[J]. Bioresource Technology,
2011, 102(2): 2105-2108

Li Q, Zheng JJ, Yan YJ. Biodiesel preparation catalyzed by
compound-lipase in co-solvent[J]. Fuel Process Technology,
2010, 91(10): 1229-1234

Huang Y, Gao H, Zheng H, et al. Immobilized lipases cooperates
to catalyze transesterification reaction of lard[J]. China
Biotechnology, 2008, 28(1): 30-35 (in Chinese)

BHE, B, A, S NS R AR A A S
TR hEAY TR, 2008, 28(1): 30-35

Royon D, Daz M, Ellenrieder G, et al. Enzymatic production of
biodiesel from cotton seed oil using t-butanol as solvent[J].
Bioresource Technology, 2007, 98(3): 648-653

Lutz S. Engineering lipase B from Candida antarctica[J].
Tetrahedron: Asymmetry, 2004, 15(18): 2743-2748

Kaieda M, Samukawa T, Matsumoto T, et al. Biodiesel fuel
production from plant oil catalyzed by Rhizopus oryzae lipase in
a water-containing system without an organic solvent[J]. Journal
of Bioscience and Bioengineering, 1999, 88(6): 627-631

Li X, Deng RB, Wang F. Expression of Candida antarctica
lipase B in Pichia pastoris and studying of enzyme properties[J].
Journal of Sichuan Normal University (Natural Science), 2014,
37(6) 911-916 (in Chinese)

R, XK, EK RRRZEE IR IR B R AREERE T
1) 3 I B IR I B2 PE BRI AR[T]. DU IR 224k A SR
BlaAR, 2014, 37(6): 911-916

Li ZL, Li X, Wang Y, et al. Expression and characterization of
recombinant Rhizopus oryzae lipase for enzymatic biodiesel

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



478 TWAEY) 784 Microbiol. China 2016, Vol.43, No.3
production[J].  Bioresource Technology, 2011, 102(20): biodiesel production[J]. RSC Advances, 2012, 2(15): 6170-6173
9810-9813 [25] Lee JH, Lee DH, Lim JS, et al. Optimization of the process for

[20] Zhang J, Liu JF, Zhou J, et al. Thermostable esterase from biodiesel production using a mixture of immobilized Rhizopus
Thermoanaerobacter —tengcongensis: high-level expression, oryzae and Candida rugosa lipases[J]. Journal of Microbiology
purification and characterization[J]. Biotechnology Letters, & Biotechnology, 2008, 18(12): 1927-1931
2003, 25(17): 1463'1467 - o [26] Li W, Li RW, Li Q, et al. Acyl migration and kinetics study of

[21] Bradford MM. A rap1~d' and sensmv‘e mth.Ofi for the ql'lan'tltatlon 1(3)-position specific lipase of Rhizopus oryzae-catalyzed
of m}crggralrjll' gpantltle/s\ Ofl pvrotleln' ut}l}mr}g th? 9pr61n01§>lle/20f methanolysis of triglyceride for biodiesel production[J]. Process
52‘?62‘24 ye binding[J]. Analytical Biochemistry, 1976, 72(1/2): Biochemistry, 2010, 45(12): 1888-1893

[22] Li X, He XY, Li ZL, et al. Combined strategies for improving (271 Qda M’. Kale.d a M, Hama S, ?t al. Facilitatory effect of
the production of recombinant Rhizopus oryzae lipase in Pichia 1rr?mob.111zed. llpasg-prf)duc1ng Rhizopus oryzae cell.s on a'cyl
pastoris[J]. BioResources, 2013, 8(2): 2867-2880 mlgr.atlog in biodiesel-fuel production[J]. Biochemical

[23] Wang YD, Shen XY, Li ZL, et al. Immobilized recombinant Engineering Jo.un}al, 2005, 23(1): 45-51 .

Rhizopus oryzae lipase for the production of biodiesel in solvent [28] Watanabe Y, Pinsirodom P, Nagao T, et al. Production of FAME
free system[J]. Journal of Molecular Catalysis B: Enzymatic, from acid oil model using immobilized Candida antarctica
2010, 67(1/2): 45-51 lipase[J]. Journal of the American Oil Chemists’ Society, 2005,

[24] Yan YJ, Xu L, Dai M. A synergetic whole-cell biocatalyst for 82(11): 825-831

R oY oY R Y SRY R RY RY R RY RY R RY RY R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY RY R RY RY R RY RY R RY RY R R RY LY

2016 #h E# 2 REFLE REHAREFD IR E(Q-])

2= SWARR EIMPIENL At 8] A3 S BRAA
. e T W E A YRS AT N
1| BER A S S e & N 3 H 100 b
2016 FEEEMAYHRESALE | PEMEYHSMEYSE . RS
2 e A 4 A 400 i
SE ARSI LGS 13901674318
o E AR S A TR A oA
3 | AW AR SR 4 4 A 260 | WHLEE
DRLRELAE S BRI B S5 ER S LA 13908607687
A FE e E e AR R SHMEDFL | B EMAEYE SR A Y 5H P Bt
1E
TR 34 B e SR A 2 LTS 13-15 H 027-87287254
P E A e S B ) HEIHA]
5 |8 R IARCEARIHT & 5H 150 | #deEin
IR FERREE TR 4 g 133611272813
B IRENME e S YR 2 | P EREY S TR N ZE KR
6 o . 6 H 200 | WRULALE
A2 FHEY TRV ELS 13735591622
o EE 2R S T E B ARAE
7 | HE-bE YRR S ARSI 6 H 400 E
- . e TR e lvxz@cma.org.cn
. s R " o A N S
8 | FRE R BB SR E AT & L Y s 2 6 A 120 | WiTIHL
13503213265
B R e EEEAEYE AR S0 | B EMAE YAy e TipdE
9 o N 8 A 250 | YTIRRA
YrEARE S RN TS 13386271017
" Tl Y% sl oAR 552 | b E A Tl A9 8 i 200 . 010.53218310
PB4 LR AL h '
. B/ VUR 2 EMEYR AR B ER | b EMEY SRR 8 H 400 NES AR
MEY IR GiET RS PHTS | BLERS 22-25 H WERITEAE | 13001101231
5 m B R 5 1E ERE AR | P EMA YA BT N 2R
12 |, 9 A 200 | WRLTE
e e 13811495603

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




