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Advances in bacterial Rieske non-heme iron ring-hydroxylating
dioxygenases that initiate polycyclic aromatic hydrocarbons
degradation

Qun Han'?, Yaling Qin'?, and Defeng Li'?

1 Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

2 College of Life Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a class of persistent organic pollutants, which have received
widespread attentions due to their carcinogenic and mutagenic toxicity. The microbial degradation of PAHSs are usually started
from the hydroxylation, followed by dehydrogenation, ring cleavage and step-by-step removal of branched chains, and finally
mineralized by the tricarboxylic acid cycle. Rieske type non-heme iron aromatic ring-hydroxylating dioxygenases (RHOs) or
cytochrome P450 oxidases are responsible for the conversion of hydrophobic PAHs into hydrophilic derivatives by the ring
hydroxylation. The ring hydroxylation is the first step of PAHs degradation and also one of the rate-limiting steps. Here, we
review the distribution, substrate specificity, and substrate recognition mechanisms of RHOs, along with some techniques and

methods used for the research of RHOs and PAHs.
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Fig. 1 Sixteen PAHSs regulated by EPA of US (black boxed are the eight PAHSs regulated in China).

B A 5 45 D5 T Al 1 R A 5 A . H R
T EZHIF R T IR R e &
AR, UHEZ . 3E. B HER RS
P TR A TR ER I R A K T 2
xR E K, WEE 2R, 3T
T o 2 B 0T KR R R AR 1 R 5T A B
W, 15 2 400HE 1Y 2> 5 5 2 PR 07 SR I A T Ak
Hh R LA i A B H v BT 9 R T ) S
HAE b F it — 2RI Al LU AE K —
Bemh1a) oy, 0 v EOmE R e F R TR
PR 05 J 0 I Ak AL o 005 R AR I 0K R 2 B8 05
FEWT 9T B R

% : 010-64807509

1.2 BRFIRMERERHEE—RHOS
IR R LG TR, RERA. JF
W — D R, A A SRR E
(Tricarboxylic acid cycle, TCA cycle) #k/s k¥ v
FIF o A W R ik 22 3R 05 KR Y 25— 20 ROy B AE
FBE, X — TR AN H BF A 2 T 2 Rieske JF
MELERH R IHALEG (Rieske-type non-heme iron
aromatic ring-hydroxylating dioxygenases, RHOs),
TEHE W PO R Z 2 MG R PASO BN %A il
(Cytochrome P450 monooxygenase, CYP450),
RHOs BEfEfLZ R AL SO, A4 Bk -fik B Y S AL
G FRIEAL R R Al BN PO i S

. cjb@im.ac.cn



3442 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

— B A AR X — T AR e B — T
AOEEET, BEAE—ANEEE A TR P AN R L) A F
EZ275 3 <0 wb 777 15= v A (- ) L - vl
A I A I S T AR N R, AN
TSRS RSO AR T T IR, N R
IR BEAE T WAL 22 ) i C-C 8, sk
XU 48 ) 0 5 T S 2 B AR AR Y C-C B is iy 29,
40, PhdF g —Fh T 29 oh — B XU 40, 48
PAEE ARG, AERT 3,4- R
S BRI b, R IETF IR S AERY,
CYP450 7E N2, HHY) . TAED =) IZFAEN,
i R YREEEHE R 12, fRigfifh C- b
T TR A BRI R R AL W i T R 45 B
CYP450 2 Y5 | PAHs 4: W figt i R W) 4R A Ak 20
B, AL Z AT IR WA [ B TE B — Fh ek 2 Fh
BIAL A % 5 IR AL K A I R4

HO
P g e ~ = H
OH L/\/‘[OH | 0
~COOH
S \/\T g S—_— S e

" OH OH
/Ij //\)\J/gﬂ (\‘ =, ~OH 3
AT LU T U

A~ COOH

/ COOH COOH carbon
5 > — acid cycle
S P COOH ©[ (TCA cycle)
CHO COOH

0

2 RHOs @i EMEmRRiEE

AT R - " = (18] 3)*3, Ccyp4s0 &
BHEAEPHRNE L, WABEE . %k
JREF R, HEEEM TR, W) RN
PRI AR I [Ohi]HE 5w o T i 23R 05 4R B0, 4
B/ UL . TiZE Rhodococcus sp. P14B71F
Mycobacterium vanbaalenii PYR-1P8r #5452 51| 77
£ RHOs Y5 CYP450 Jk: [w] [ ff Z 31 05 I L 42,
XL RE [l B ik = 4 - f PAHS 77 2RI - — &
TR - A . T H AR I MR 2 bk
Mycobacterium vanbaalenii # H #f7#H RHOs 5
CYP450 [ LA e R IB B0, A RS, W
TRELA R A BRI AR SRR P A R A (A
o E 5P RSB C-C 8, 1M CYP450 1E
Z IR R — R — A BT i
MHEN 72 CYP450 324K )m , AIREHT CYP450 it
fr—w Ak, 5% th RHOs X} CYP450 ¥zt Ak

- |

= COOH

: :OH
OH

Tricarboxylic
— acid cycle
(TCA cycle)

Tricarboxylic

Fig. 2 Degradation pathway of naphthalene initiated by RHOs.
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Fig. 3 Catalytic activity of CYP450 on phenanthrene.
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%1 RHOs KBERHEEBHBEY
Table 1 Origins and substrates of RHOs

GenBank Strains RHOs Substrates Year References
CP054128 Pseudomonas sp. MPDS Naphthalene Naphthalene, fluorene, 2021 [16]
dioxygenase dibenzofuran and
dibenzothiophene
MH560349 Pseudomonas fluorescens ~ Naphthalene Phenanthrene 2020 [51]
AH-40 dioxygenase
KJ461700 Pseudomonas aeruginosa  Naphthalene Naphthalene 2020 [52]
N6P6 dioxygenase
MULNO0000000  Pseudomonas veronii Naphthalene Naphthalene 2019 [53]
strainVI14T1 dioxygenase
JN613334 Rhodococcus Naphthalene Phenanthrene 2019 [54]
wratislaviensis strain 9 dioxygenase
AAD28100 Rhodococcus sp. strain Naphthalene Naphthalene 2019 [55]
NCIMB12038 dioxygenase
CP006254 Geobacillus sp. JF8 Naphthalene Naphthalene 2019 [56]
dioxygenase
NO Sphingobium yanoikuyae Biphenyl Phenazine 2017 [57]
B1 2,3-dioxygenase
KC771235 Pseudomonas aeruginosa  Biphenyl dioxygenase  Biphenyl 2016 [58]
JP-11
JN235141 Rhodococcus sp. ustb-1 Naphthalene Pyrene 2015 [59]
dioxygenase
Q46372 Pandoraea pnomenusa Biphenyl dioxygenases  3-hydroxy-4,4’-dichlorob 2015 [60]
B356 iphenyl,
3,3'-dihydroxy-4,4'-
chlorobiphenyl, flavone,
isoflavone, and flavanone
KM102520 Uncultured Aromatic Biphenyl, naphthalene, 2014 [61]
gammaproteobacterium ring-hydroxylating phenanthrene, pyrene,
oxygenases (phd20/19) fluoranthene
KM102522 Uncultured Aromatic Biphenyl, naphthalene 2014 [61]
gammaproteobacterium ring-hydroxylating
oxygenases (bph29/28)
KM102523 Uncultured Aromatic Biphenyl, naphthalene, 2014 [61]
gammaproteobacterium ring-hydroxylating phenanthrene
oxygenases (nah33/32)
JN655512 Comamonas sp. MQ Naphthalene Indole and most indole 2013 [62]
dioxygenase derivatives
NO Martelella sp. AD-3 Naphthalene Anthracene 2012 [63]
dioxygenase
P37333 Pseudomonas strain LB400 A variant biphenyl Dibenzofuran 2012 [64]
dioxygenase
GQ184726 Burkholderia sp. C3 Nag-like dioxygenases  Naphthalene, 2011 [65]
dibenzothiophene
GQ184727 Burkholderia sp. C3 Phn-like dioxygenases  Naphthalene, 2011 [65]
phenanthrene,
dibenzothiophene
Q53122 Rhodococcus jostii RHA1  Biphenyl and Polybrominated diphenyl 2011 [66]
ethylbenzene ethers
dioxygenases
(5%
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(£ 1)
GenBank Strains RHOs Substrates Year References
SRA028415 Sediment metagenome Novel aromatic ring Biphenyls 2011 [67]
hydroxylating
dioxygenases
DQ846881 Rhodococcus opacus R7 Naphthalene Naphthalene 2010 [68]
dioxygenase
Q3C1D5 Comamonas sp. strain E6 Terephthalate Terephthalate 2008 [69]
1,2-dioxygenase
Q53122 Rhodococcus jostii RHAL1  Biphenyl and Styrene and benzene 2008 [70]
ethylbenzene
dioxygenases
Q53122 Rhodococcus jostii RHAL1  Biphenyl Biphenyl/polychlorinated- 2007 [71]
2,3-dioxygenase biphenyl
HE577117 Uncultured bacterium Biphenyl dioxygenases Biphenyls 2007 [72]
EF152282 Sphingobium yanoikuyae Biphenyl/naphthalene Biphenyl, naphthalene, 2007 [73]
B1 dioxygenase and phenanthrene,
toluene, m- and p-xylene
AF295032 Marinobacter strain Naphthalene Naphthalene and 2006 [48]
NCE312 dioxygenase 2-methylnaphthalene
Q46372 Pandoraea pnomenusa Biphenyl dioxygenases  2-hydroxy-3- 2004 [74]
B356 chlorobiphenyl,
2-hydroxy-5-
chlorobiphenyl and
2-hydroxy-3,5-
dichlorobiphenyl
P37333 Pseudomonas strain LB400 Biphenyl dioxygenases 2-hydroxy-3- 2004 [74-75]
chlorobiphenyl,
2-hydroxy-5-
chlorobiphenyl and
2-hydroxy-3,5-
dichlorobiphenyl,
2,2'-dichlorobiphenyl
052382 Ralstonia sp. strain U2 Naphthalene Naphthalene 2002 [76]
dioxygenase
AF061751 Burkholderia sp. strain Phn-like dioxygenases  Naphthalene, 1999 [77]
RP007 phenanthrene
Q46372 Comamonas testosteroni Biphenyl dioxygenases Biphenyl/chlorobiphenyl 1996 [78]
strain B-356 dioxygenase
ASWA4F2 Pseudomonas putida F1 Toluene dioxygenase Benzene and toluene 1994 [79]
Q52438 Pseudomonas sp. strain Biphenyl Biphenyl and 1994 [55]
KKS102 2,3-dioxygenase polychlorinated
biphenyls
Q07944 Pseudomonas putida ML2  Benzene dioxygenase Benzene 1993 [80]
Q52028 Pseudomonas Biphenyl dioxygenase  Biphenyls and 1992 [81]
pseudoalcaligenes KF707 polychlorinated
biphenyls
P37333 Pseudomonas strain LB400 Biphenyl dioxygenases Polychlorinated-biphenyl 1992 [82]
POA110 Pseudomonas putida strain  Naphthalene Indole 1988 [83]
NCIB9816 dioxygenase
#: 010-64807509 5<: cjb@im.ac.cn
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Fig. 4 Structures of three RHOs components. (A) Dioxygenase component (PDB ID: 2CKF). (B) Ferredoxin reductase

(PDB ID: 1F3P). (C) Ferredoxin (PDB ID: 2QPZ).
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FHh, RIABK AR LS5 IE K BPDO-OB1 45t 5
Z5 1, 2- XU AR mEAR L, (RIS VA S DB B K
FZ5 12-XUMA R AT, THVEA S AR I 25 5
W Fo VT = 47 F i 2 B 05 & R R T [a] B8 1Y 45
41001 a2 b, RHOs W& A7 A FUAEE Y 22
PEFR AP AN S —F 0] LAY KIE YRR 5P Y
FRAE, XA PR AT LA 5 5 At H A3 7 99 8 7 a1 P
T BIAE Y S IE A, AR TS R A 3 A Y
CHY-1 ) RHOs MyZMER L1 FAY Leu223 i L2
14 116260 A B FHEAL AL s % = o T 2 3 5 1R
ik PEME (K 5B). [AIFE, 7E BphAELgao HY o
BRI — B RIS LS R, TEIRY
gEOmt, A B A T BRI, fEmy E
)& Sphingobium sp. FB3 1 RHOs A4l 4 FEH
4y, 223 fiij% Phe, HEEMRILILTIF PAH 1Y
Sphingomonas CHY-1 ) RHOs # Leu K15£&, %
%A 5 G FB3-RHOs [ fif 4% 3 [a] i 1 R
M it 13 P S 5 ) ke 2 A T A2 T )
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JFEWIF: 5k, T BphAEs M 280 #I| 283 i T
TR EI AT, T 283 (A Ser B Met BUC )5, B
TR SN R R 5 ), AT RS TR A
AL, IR T B R T 2R 2 AR R

o IE BB 283 13 248 X BPDO MR Fe St
BEFI; BPDO 5 MR 5 A0 X A S
FHIG B SR R AR J5 ek 48 T BPDO #E R34 11
P A 5. 0102

T2 CRENEHWH RHOs

Table 2 RHOs with resolved structure

PDB ID  Strains RHOs Substrates Year References
4HJL, Pseudomonas sp. Naphthalene 1-chloronaphthalene, benzamide, 2012 [103]
4HKYV, C18 1,2-dioxygenase indole-3-acetate, thioanisole,
4HMO-8 styrene, indene, phenetole,
indan, ethylbenzene,
ethylphenylsulfide, 1-indanone
2YFI ParaBurkholderia Biphenyl dioxygenase Dibenzofuran 2011 [104]
xenovorans LB400 variant Rr41
2XR8 ParaBurkholderia Biphenyl dioxygenase Many polychlorinated biphenyls 2010 [105]
xenovorans LB400
3EN1 Pseudomonas putida  Toluene 2,3-dioxygenase Toluene 2010 [88]
3GZY Comamonas Biphenyl dioxygenase Biphenyl and polychlorinated 2009 [106]
testosteroni sp. strain biphenyls
B-356
2CKF Sphingomonas sp. PAH-hydroxylating Fluoranthene, benz[a]anthracene, 2007 [99]
CHY-1 dioxygenase benzo[a]pyrene
2HMM Pseudomonas sp. Naphthalene Anthracene 2006 [91]
1,2-dioxygenase
2HML Pseudomonas sp. Naphthalene Phenanthrene 2006 [91]
1,2-dioxygenase mutant
2HMK Pseudomonas sp. Naphthalene Phenanthrene 2006 [91]
1,2-dioxygenase
2GBX Sphingomonas Biphenyl 2,3-dioxygenase Biphenyl 2006 [100]
yanoikuyae B1
2DE7 Janthinobacterium Carbazole 1,9a-dioxygenase  Carbazole 2006 [107]
2B24 Rhodococcus sp. Naphthalene Indole 2005 [108]
NCIMB 12038 1,2-dioxygenase
2BMR Comamonas sp. Nitrobenzene dioxygenase 3-nitrotoluene 2005 [109]
JS765
1WQL Pseudomonas Cumene dioxygenase Cumene or toluene 2004 [110]
fluorescens 1p01
1WW9 Janthinobacterium Carbazole 1,9a-dioxygenase  Carbazole 2005 [111]
sp. J3
1UuUVv Pseudomonas putida  Naphthalene Nitric oxide and indole 2004 [112]
1,2-dioxygenase
1ULI Rhodococcus jostii Biphenyl dioxygenase Biphenyl 2003 [113]
RHA1
107G Pseudomonas putida  Naphthalene Naphthalene 2002 [114]
1,2-dioxygenase
1EG9 Pseudomonas putida  Naphthalene Indole 2000 [115]
1,2-dioxygenase
INDO Pseudomonas putida  Napthalene 1,2-dioxygenase Naphthalene 1998 [116]
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5 RHOs BK#M&&0O%

72

Napﬁ] ene

D

Fig. 5 The ligand binding pocket of RHOs. (A) The ligand binding pocket of NDO (PDB ID: 107G) from
Pseudomonas sp. NCIB 9816-4. The naphthalene molecule was shown in yellow and some important residue in green.
(B) Comparison with RHOs from Sphingomonas CHY-1 (Blue, PDB ID: 2CKF) and from Pseudomonas sp. NCIB
9816-4 (green). Residues Leu223 and 1le260 with smaller amino acid side chains indicated the possibility of that
Sphingomonas CHY-1 RHOs bind PAHs molecules with larger molecular weight.

5 —ubét 3t RHOs $0 % 38 % B BB 5% 7 3%

5.1 IREH RHOs BT ik

FHME—Bi 5 ) oL EL 55 35 3 V5 L R s rh s
B 9) B 20 IR J I i T e 2 3 SR P O =X, 3
1L ¥5 Y 7 0k R R A S 2 IR AR [ R R S 1Y
OREE , SETIRFSE b iy RHOS!M ) 3R b 7
TEZE AT 2 B AR AT R FR 0 W) Rk AR A
WEHFFE N B3 FH 437 A2 027 09 1 2 0 8 RS Y
WEEH Y RHOs, gy RHOs [ in 4 g2 43 1)
o~ FEFE PR P S 72, LAGRSF Y Rieske A0
BB IP 5, i R S 5 1 A F T RHOS
1 = 1 B RS i F e M, — R R TR AT X
51 W B R R, B A A X
(Polymerase chain reaction, PCR)™ . i FHxUm
SEHAE AT Southern 245285110 £ 8 PCR
Fe A GG ofe 5 ARSI O A SO AR RS [, D %
FI 2 8 PCRY™ G A S AL PRI AE 5 vp 19 05 ik
S AR L P R R B BRI R AE 7E Y RHOS

% : 010-64807509

Ja, BRI 4] SC#E, WL Fosmid |
Cosmid. BAC J# MM SCER L, AT LASKECEAH
5% RHOs (2K 51t g xh ol fg vE4 T
FEMFRAE, PRI FREFRMAED T PAH [EfF
L T, HEBIEY KX T RHOs [IAAT, %
F F Z I HE 58 KA RHOs Ok F T 37 3t 8 AH G 3R 555
% .
52 KB EFIERE-KAFENE

RHOs ZhRERAEA — SR B Z K RHOs
HOSUI AR B2 43 FL A% 3B 41 3 53 0l s P 3 AN [
ki b, FR|E 1 i TiE RIS, AR
) 3k 2 356 PR 2 15 A Aff 3R 08 77 AR T A B AR S MR Y
RHOs, AT LR T s 07 e vk 2% | s sl (o
i (HPLC) Bl HHEIE (GC) Ay, M
AR H AR RGN S s 3 e T

i W5 G R o T R EE R L, %R
XUNMAE TGRS RHOs A RRAIE 2 05 W ) i B 7 Ak, U
IS T 4 mmol/L A5 (=5F 4 mmol/L Xt 4

. cjb@im.ac.cn



3450 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

Mo A B PE) BB H A5 R b0 S M 28 00D A
(NDO) Az ikt 5 1120, e i A T 4 i T LA
PR AR A e, TP RHOs 58
G N T BE S N | gk BT 56 R AE K AT B R I
P28 AR R B NDO R 4E . T HPLC 5%,
GC-MS (i) e 2 e F Y 22 30 05 I e fidg 1=
Wy B ARG I 0 e 393 fH32  p RAE AR Hy
Bk, BXHCI Y 40 I B2 AR BT 25 W A - T
JRBRK-TE - U8R, NG Al R T
{HZRE R MG E & . JE T LR R D B A I
RHOs = A= By = — i A G 4 19 Jr 0 — FoBr i
i 8 Ty v, R e R g A AR I = — A
AV AR 0 I, AP AR TTRGI f 43 B 280
W5 16 5455005 A0 F L 3 AE T BB % =y 4 e Hh O
TEXSUIN A BB & A Ak Z T IR BE T i R AR K
XU A g

53 HHERMMKINEHERMES

RHOs  F 4SS I 2 T 22 50 5 W B4 20 A
REFEAT, AT 5 2R A 4H 23 F1 Fd . FdR 31
i i T aifb Rk, HEA RS M EN
B, dBad7E 340 nm 4b NADH (1714 FE 0 I 52 il 175
PRI ) P 4R I R A R 2 e
292 (Differential scanning fluorimetry,
DSF) & —Fh Bk 23 11 51 A9 RS e 7 Dt 3 vy 3
i 3 2 1 BT SR EAE R R L, RN
T Y BCAAR T B e I . AN RS
b SCEE B Y e A 2RI Jr VAR AT RHOS
HZR T RARG YT 507 ) b 5 A i
TR, AR — R AR O, R
RHOs (i i 4@ 41t 7 —Fh s d st i 0 =X

T 2 20 2 P P e s 7E T FAR B R BAEAE
ST NG 31 o 2 K o 8 8 v K IR 2K % N <) = W ]
XA ) A B ) 22 1 R AR BRI S R
W ARG R ok R o T S L A B R
Comamonas testosterone B-356 Bk XU 4 il 1)
FAR 44y Rk i to 38 2] 7 A/ [ 4 ) &, 5 ) 1
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QIAGEN His-Binding Kit 4lifk. 7533/ T 5256 i
E AR KA B Pseudomonas
pseudoalcaligenes KF707 H 7 b Rk B A SUMN 4R
fitf ¥ FAR 41431t , T — 484 5> 11118 groELS
LR A TR pKY206 BT 28 T AR FdR &
111 Sphingomonas sp. strain CHY-1 9 FdR 41
g7 v B B pET15b # Ak [ %% 1k 2] K g #F &
BL21(DE3) HibAr A N T T i, & IR AT
Fd. FdR 4140 M BARRXT FE M AR 35 n T 35 1%,
Ve FAR 76K M FF i P OE B & O & 45 1 A,
B gLt HaeRAS D iz, toRRedE T
KAEAFRIL, R B 46 1 At o ke v o Sy e 1Y
FAR HEATSCH, JFA S & 4 e 1
Pseudomonas putida F1 ¥ B R XU A B R T T
SEHG IR, 7R Fd BTEOLT, A FdR fE
RAG AR TE M1 56%, T A5 iE ) FAR HLRE
TS PR B 5Ok 19 38%%4 . AT Y4 FdR 7R REIE
FIREF, ATLME SRR ) FAR ik, dAT
SR B A SR YR Y FAR HL 745356 4H 43 dEA T B G
ME S
5.4 4 FHEH

o [ PR X L B 2 30 05 kR
5 R0 AR eI e O B A EAE FHATL R DA 17 i 6% 52
I G e — Pl LU A 38 11 123, BFSE RHOs JiE
Wik P ik MR BR T2 30 2558, A
THEE N 431400 m] R A5 G 40 R0 I 1) 45 4 15
B, IR DU# R AL S ) — e 5, SR
PEULS VR RS By, i L A X 42 2 A S 4 K
2B W 2 TT L 1 S A 9 1 R 4 (R
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MODELLER FI Schrodinger. #5645 5 nl 1 i
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53 3D JE A 2 (Al A A A PR i VERIFY-3D



BB 2/ Rieske EMAEHFBUBESAERERPUHARHE 3451

HEATIRAE P2 MOLE 2.0 18 51 A 7 X J5f, i 1]
WL TR AL 4 ] e E !, POCASA 1.0 HJ F5i i
b 1 4% G IX R 12Oy o A A T fiE A
AutoDock Vinal®**a 3% Sybyl7.3 H1f1) Surflex #
P, FITFHE NDO IGPEN &5 EARZ (8] B AH
YEFIMLEE, Surflex AT LA 30 sk /1 PH A 25 2R 1
B4y B, A FRHIAE RHOS (95T i & — ANk
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B ZAENE A S A EER . Xt
RHOs #4711 el LA™ A A R A B G, 3 b
IR S PR T SROR A T IR BB S 1T, A AU
E[SF o T L

6 WENMALRE

Rieske JE 1M1 R #R I F2 AL XUM A FETE £ 21
IR R AR R RN, B —RE L
ZIRTFIRIE MIN A TR, 5205 RTE
e A B R, H—, MY RHOs ByfR~F
PE, BEXSIREE HAETE I 2 3R 5 SR B A R R iE A T
R, f5a RN A AN SRR fehg gk
R E Z AR MR REGEE, MAEE
XFFARA R SR R, RS R IR T Y
ALK R 2 R R R . L, RHOs Al DAE
N—Fh 2 IF 5 Y b iR " 9, £F%F RHOs
PR ST DR8] 8 A L 14 5 | 4 BT W 0 32 75 G 3 P 1)
TSR AR R TR O = R K S
(IFREEH, RHOs J& 0] LAYE B B P K F 55 RS 1
T (5 5 B3 £ 0 i 0 338 IO 3 ol Al i 0 45 3 3550500
N TR HRAAE T KRR, nl 3k &
WAL A RHOs YA, A o I3 75 4%
BT, RENE T T S I PR LARE MR TS e . 3L
W, PERES A B E R, sy TR
AR RHOs, 45458 M 28 A fE
RIS 2473519 RHOs AYZEAEIR, ¥58 RHOs
MR, —FRPERE . maom AR
SE TR SN AU Pt 2 855 9805 Y ih 3

% : 010-64807509

B VSTER N TINE . HH, 235 18 2 MR fif
IR % 9l FH TR 3L ) TR B (Genetically
engineered microorganisms, GEMSs), %1 nah-like
SEN %S, GEMs nl § IR RIS YLy,
TS Y BRAE S RO, Hr, gl
RHOs a1 JH B TR HOR S i 19 RHOs #
TR, ARRATE )RR A B2 AT 7 B B
PR AL WTE Y i B L 3R H A Ak T
X T2 kTG YL i AE Wi SRR UL, RHOs
AT R R A5
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