8% 18
002 1R

¥ % I B % #
Chinese Journal of Biotechnology

Vol.18 No.l
January 2002

FiRELERMER NS PRER R EZEMENL

FERT OEAR

mRR EHR EEA

(PHEZFRIMEEHENTAREC RS EEREERFATRE, ZM 730000)

B O LRAERFEYEEUAER AR LESRATMMAETEGEFNTFREAAEHTRMR. BT EBREER
MEE e HEAREANEREEEESEN. RERP w0l EWHREELAELURME 7T, BEER
BEH 3.3~ 3 Tmg dry weight cell/g DS, BAMAEMNEETHAB-HEBEHMIBRARFE A TREE, FRT
HRMAHEFEAUENAS PR E4 M EE K OF W . i 5 E R 8R4 B W UK (methane : 359 ; propene::
0% soxygen:d5% ) IE EFHHR B AR MERL N B PRE=WAEHAKL. TR T ~HWH . ZE9 R SRS LT
FREATH &K 110~ [S0pmal/d, EEBAE 254, AUBAFENREFRITWHZ WA

*@R HREALAT, WHEB, ALK, RERLG. XEK

TESES W6 T HEFRIE A

Fl fse S 4k 40 B <P 10 B O B D0 SR (MMO) BB 98
HEEAABAIRERE" . RAZMESARE
BELBEHRAERNEAEANAFRNA, B E
¥ETHER2 SMEAN, TR mihtt/NEE
SR T E KK MAR S . 18 NADH e
FOEHRHEPR AL B EPYRBHFAILE .
WAL S R 8 2 Nt~ ¥ 8 & ) NADH PR
1t . Prichanont %' 3@ i3 & YL75 I K 4R F 7o
$,{0 NADH Bt Z R B E DR F KN #17.
Furuto™' %5 38 33 #5 70 P BR B8 T8 4E NADH SR 4 7% R R .
BREABERAETN.

YA BROR H N E R A KRS
W MALREARTESRACSBREKBEE X
BIERGEMY . AT P b k4 B R B
Fi 4t I ( Methanotrophic Attached-Film Fluidized-bed,
MAFFB}R R 28, i B AL AR IEHRERE
FAMBESEERENABER, S KARE
EetmmaEtEEn B . FARK- PRt
T HEEES NI E WL, BT NADH B4 W
B, R B FRREREN.
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1.1 HWHERF
R ERE Methylococcus capsulatus TMY 3021 fIH

s B ¥ .2005-08-07, 8 B B #7:2001-10-15.

T EHE 1000-3061(2002)01-0089-05

BEEE Methylosinus trichosporium IMV 3011 B % % 3
BgpmaE Bt R, BB ME Methylomonas
sp. CYI3 AA LK T MM, HFEERIDT: (¢
L):NH,CI,0.5; K,HPO, , 0.49; KH, PO, * 7H,0, 0.40;
MgS0, - 7H,0, 0.3; CaCl, - 2H,0, 0.02; KNO;, 1.6;
NaCl,0.3; Fe SO, « 7H,0,0.004; CuS0, * 5H,0,0.004;
MnSO, - H,0,0.0004 ; ZnSQ, - 7H, 0,0.00034 ; Na, MoO, -
2H,0,0.00024;pH7.0. ¥EHFSE N B LHE-ES(1:1,
Viv), f& 15L 2 A &) R B (LH1075, % & LH Fer-
mentation Co.Ltd) ¥ ,32%C ,300r/ min 1% #& 72 ~ 96h.
1.2 PR A1k 40 6 W B IR iR 4L Bk (MAFFB) [ B 2%
ATE PR hmE R H#HTHFERR
YRR FTAEA MR & RALK RS
WAV iR, A REESA 300ml MRALK, HERE
WHEFRBHAEHE 0 HHFL BERHE 2T, B
BAEHAImL WATHAREZABARYTEE,
EH RN REMN G AR G-1 LA 1200mlr/h # 5E BE
MAKRBEA BBEYHHEWIHRERE. A
ATSHFH S EZRMBKE CREF YR EARRS
TESFE A PHEFH. HRENSEAJHILD
., ATHAFEHNESHNEEREAR, BR
MhEHRSLFURILERS-AR-ARGERERE
A, CEEER 1S0mL ¢ AW R WA ER, &
HAKBEBEEHE~4C, WM ChEY

EeHB EXEANFELE AT H(No.29933040) B R E LA ERMA AR E BRI (973) 3 B (No. 61999022406 .
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Fig.1 Schematic representation of the MAFFB reactor system

HEMLEMKER. W3IFE G2 L 2mly/h BIEE A
ARBRREAFHABEREE, SHE 63 L 10mi/h 1§
EEEASEREOF TR B AR, OFF
H5t B BT MR 6 O M F M B THSm HE S .
1.3 Rz ARBMENOEX

= P B b AL 4 B8 ( Methylococcus capsulatus
IMV 3021, Methylosinus trichosporium IMV 3011, Methyl-
omonas sp. CYI3) B L S EMBREEEALRAR
REARMIPALER A ARSI RE B =1:1, W/
V)L 1200mL/h BEBEM A JEFFEFE A, A7 5 X
PHABEFR TG, FoRXERDHEIE G2 M
G-3 #HfTiEE I, EHMTALK A ML F +
BObe ) 2 £ % £ R W A0 P MMO BRI ED
2.
1.4 MAFFB REMAPHRERRBETAN

FEFER R T R M BEAY MAFFB 557 8% 4 31 1A
AFESELE T 75 MR 3DNHE
AfE BN, B R EAERE(F R
S =100, VIV, S ]2 2d ) 6 IR B R A A R B
B, BEREEAARNSH#THRERN RN ESEE
& .
1.5 #ARK

B 20 ~ 25mlL 1B IF W E 100mL B2 HR F,
AZEEHO  BRFAHBRARNRRORSE .
RHE S, T 35C . 150c/min F 2 5 7 7] & 6] B R
SHEEEAEHRENRIE.
1.6 FAHZ

REREME . “ANAEREHIHEHEE
(GCIE KGR T B[R ER . GC &K1t SE-
54 AEEHEH (30m x ¢0.23mm i.d. ), H 60TC,
K= MEH FRE 180T,

MMO i&E R 2 A &7 B 1wl & 10ml
R EHEREHEHR AL T, BHA 4ul
PidE, 7€ 35°C . 200c/min F i 30min, < 48 £ % %
(GOWEFANKRENR, MMO LEHUBER
TEARES S HEATEF BN AE R ER
{ nmol/min- mg) .

FHRSERNE - BESZERTEMARY MMO
EHH5.0~5.5nmol/min HiTHE .

EEBE L A YRR A B0 B A (150w, 50s)
R AR, HLERE,

45 B (SEM) 2 B St T IEM &, JEOL
(ISM-5600LU) i h B E .
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2.1 MAFFB [ fz 2§ b PR 45 S5 40 40 o 1% B AR Y TS L

FEPHEAMMEATEREROBBEREAAT
HEREREWHOYES . LHEREERE
L 40 B T W B E 4 1k & O 6L IR B RS MY
3021 F1 IMV 3011 A EAME® RS RELEH
(6.0 ~ 7.0nmol/min * mg ), Methylomonas sp. GYJ3
& (3. Onmol/min-mg) , BT A EZHIE
WA R R, AARBLEREA, = EE G
EEFELTEAAERNEDRIENRELESER
. B2RE-HIFLRALARESEA MAFFB
RRi#s o, B8 £ BN & MMO & 4 Bf 55 e i) (8]
LBl 2R, A R 0 A AR A S A B A A T B
E.—NEEHN— MMO EF 6 R EE K,
AR A i) R] HE IR AL T R B B R 1B BB B, B AR
FANBEZHARAAMBIERERM . REE<H
AESEMMHRECAETRERERAFLKE
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Fig.2  MMO activity and biomass on diatomite

during the immobilization process
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FhEMT MM R, B & 98 A4 K, MAFFB &2
BRI MMO BHEMAEY R ER A - M ERER
o MCEF o B0 E B 8 L R O B MMO 3
YR, EE RS 90% L4 T & MMO BHAFE
TRt T BFRECHEFTELURHELEFEE . B
R T R B I P R R AL BT A B 5 DS( Drysol-
i)H dry weight cell & 3.3 ~ 3. Tmg/g-
1 BMBRMASHRELHER
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Fig.3 Pathway of propene {or methane) metabolism

and coenzyme NADH regeneration

FEE SR MMM AAER, 8K M5 NADH
R4t o EAL RSB NAD IR E 4k e b g7 5
6h /5 NADH MOFE/T % )5 B M 4 40 45 )k (B3 R 7
£ FREANPREMCHENEREY . KT
ATFHRMAE K, 54— # &R E A Co,,
I MMO L — S R MN#ETRTEN TR
LB (NADH)® . RAREMPELEAN T E. 4
BB S AL CO, B 7= A MO Ah IR el F 45 (R 4
M NADH 154 S 48 {7 48 BF 48 £k )R N A 7 9 1 i
LR EEHITARH IR E MR IR, B
BT LU MMO B L e fk s In AL L i IR TR B
FRYE(NADH) M S R %46 MMO #E4L1E
B OmAFmERMARKNAERRE. NEBIZR
B R R E R RS AT R E Methylomonas sp.
GYI3 40 B fL PR M 3R AL B9 FE 77, 6 B ML B 81 B
(NMDH)ERERFEHA AR NHERLSR, %5
HPRRESRER 0% AR A EALEIRAR
WEE. #EMNSHT PRI, Mehylomonas
sp.GYJ3 40 {8 L A B IR A AL RO BB ) T B, ik Bd ok
BREAMABSSS MO BES T LS4,

# TR EALE R . KB Methylococcus capsulatus
IMV 3021 3 Methylosinus trichosporium IMV 3011 £ R
B A8 7 RFNER,
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Fig.4 Fffect of methane on the epoxidation of propene
Initial propene and O, partial pressures were kept
constant at 20 and 40kPa, respectively . Methane was
dilted with N, 1o obtain vanous partial

pressures of methane
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Fig.5 Bicsynlhesis of epoxypropene in the MAFFB reactor
Partial pressure (kPa)
I . propene.oxvgen, nitrogen = 20,40,40;
II . propene , methane . oxygen . nitrogen = 20, 10,40, 30;
I . propene , methane , oxygen , nitrogen = 20.20,40, 20;
[V . propene , methane , oxygen , nitrogen = 20,3040, 10;
\' . propene ., methane , oxygen = 20,40, 40;
] . propene, methane , oxygen = 20,35 .45
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Table 1 Effect of propene on the growth of methanotroph
Initial panial pressures/kPa
ne Oxygen Methane
50

Nitrogen  fermentation/( mg/mL)
0 0.30
40 0 0.27
35 5 0.27
30 10 0.10
20
30

20 0.03
10 <0.01

ssssgog
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2.4 MAFFB RERZPRERRHEHAN
FEETE R T W b S 4k 40 58 TR P R i MAFFB 2
R ZR R BEAT S HAF ARS8 BUR R, St fUR <K
P S 4 SR 55 20kPa F1 40kPa A F, Bt
MmP g AR, BNV HFSABRISE, KA E N
3d. B MREHBEALEKSE(FR: A5 =1:1,
VIV ESEE 2 EEERARKE. BE 6
Fim, TR EAN,3d GBI AN T8

¥ NADH ﬁﬂaiiﬁﬁﬂ:o i%ﬂﬂ‘?ﬁﬁ%_fﬂﬂi%%

Cell concentration after 72h

BH{R¥E MAFFB L S A A RK AR, AF
%4y FEik B 40kPa bf SR E ISR - RE DA 8 T RE.
XEHARNBINERHAR. Z4XEERH
MAFFB RSP AR EALHMEBEKNFEARKE
RN BEHEEARRE AR ASSESHA
35.20.45kPa IR & R S K #TH AR ELE
EPEl. RASMENFTEMERERL, RRE
ARBETAHAEARNEREARETH. €5
RAGTREK C PEMBKN =R E RN RN
FEB R 2.93mmol/L, M Bt 3 4k IR o 3 E R AL
B 0.90mmol/L, #EHN 2.53mmol/L i 3 & A 4% 7
M 40% W FEALTE Y, B0 1.20mmol/L HIFER
RANFEAFALTHEMHERY, ARRHE
BCHAREARHAKBRRETFULEN, HTF™
A IR P B A W B 3R 2 0 B9 IR T A i 4R HH R
LR, TR T =YK . Fef P i/Rst RN
fRUL T SIS NADH M4, ZES#E 254, FE R

_ﬁé?ﬂ‘éﬁﬁﬁiﬁ%z{ 110 ~ 150umol/d.

He BEAuBE Lt ENTRACHARBEYENABLESHER
Fig.6 SEM Microphotographs of the methanotroph attached-biofilm immobilized on diatomite

(a)Bare diatomite particles ; { b} Biofilm-covered diatomite particles; { ¢ } Biofilm-covered

diatomite particles after 51 days of epoxypropane biosynthesis
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4 ¥ sE % +  FE MAFFB R R 28 P 1S 3% 64d TR
MAPRELAEEYEOEEL EENE
MAFFB S Ria% H AT 1 5 #tdt X %0 254 LR ER
SAEYERRMUENER L #HTHEEENE,
R HFE MAFFB R 28 20T 64d I 3  IERESR
RN RO S EEH — 2P be S AL B B
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Continuous Biosynthesis of Epoxypropane in a
Methanotrophic Attached-films Reactor

XIN Jia-Ying® CUI Jun-Ru CHEN Jian-Be 11 Shu-Ben XIA Chun-Gu
( State Kev Laboratory for Oxo Synthesis and Selective Oxidation , Lanzhou Institute of
Chemical Physics , Chinese Academy of Sciences , Lanzhou 73000, China)

Abstract Using a fluidized bed as immobilization system, mixed culture methanotrophic attached-films were developed on diato-
mite particles. The Methane Monooxygenase (MMO) aclivity was found to increase obviously as soon as the lag phase ended.
Greater than 90% of the MMO activity in the bed was attached . Biofilm concentration of 3.3 ~ 3. 7mg dry weight cell/g DS was
observed . Batch experiments were performed to explore the possibility of producing epoxypropane by a cooxidation process . The ef-
fect of methane on the oxidation of propene to epoxypropane and the effect of propene on the growth of methanotroph were also
studied. In continuous experiments, optimum mixed gaseous substrates ( methane:35 % ; propene:20% ; oxygen:45% ) were con-
tinuously circulated through the fluidized bed reactor to remove product. Initial epoxypropane productivity was 110 ~ 150umol/d.

The bioreactor operated continuously for 25d without obvious loss of epoxypropane productivity .

Key words methanotroph, attached biofilm, fluidized bed, epoxypropane, cooxidation

Received : 08-07-2001

This work was supported by grants from the National Natural Science Foundation of China {No.29933040) and the Special Funds for Major State Basic Re-
search (973} of China.

* Corresponding author. TE]:86—931-8277147;Fu:86-931-8277088;}-‘:-rﬂaﬂ:]Tﬁpcﬂ‘f(lﬁ{lljh;t%ilﬁﬁ%:%5*@@..}‘l\‘.ﬁrl HATIRL S HEEEE  http

ournals. im. ac. cn



