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environment and the human body. Microorganisms using nicotine as the energy source for
growth can serve environmental remediation. Pseudomonas strains grow quickly and are highly
adaptable to the environment. Moreover, they can grow with nicotine as the only carbon and
nitrogen source, with excellent degradation performance and research potential. To elucidate the
characteristics and mechanism of nicotine degradation by Pseudomonas, this paper introduced
the strains and characteristics of Pseudomonas that can degrade nicotine, detailed the
intermediates and pathways of nicotine degradation by Pseudomonas, and summarized the
related genes. Finally, this paper prospected the ways to improve the ability of Pseudomonas in
degrading nicotine, aiming to provide guidance for future research and applications of microbial

degradation of nicotine.
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REREREAR I T o B P O T A AT 8 A i J e
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BHTRRE 41, B R IZHRARAE pH{ER 6.4,
TRE A 30 °CRYZAE T BESS A sl e vt 11,
IS5 56 TR B B R JE o T Rt s ) 2 22 S
b, HE 20 295, ABMREIRIE T 55—
Je 7 T B % % Pseudomonas convexa Pcl'”, i
AR, BOREZ MR E e T A A
PR IE o X LE R R el T I R AR SRR
WOERE N 30°C, pH 6.4-7.5 (£ 1),
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Table 1 List of nicotine degrading strains of Pseudomonas sp.

k73 FefiJe b T i i R 1 Ay 273Uk

Strain Optimal conditions for the degradation of nicotine Year Reference

Pseudomonas sp. 41 el THeE 2.0 g/L, pH 6.4, 30°C 1954 [6]
Nicotine concentration 2.0 g/L, pH 6.4, 30 °C

Pseudomonas convexa Pcl - 1978 [7]

Pseudomonas sp. HF-1 e THE 1.3 g/L, pH 6.5-7.5, 30°C 2005 [17]
Nicotine concentration 1.3 g/L, pH 6.5-7.5, 30 °C

Pseudomonas putida S16 JEW T E 3.0¢g/L, pH7.0, 30°C 2007 [18]
Nicotine concentration 3.0 g/L, pH 7.0, 30 °C

Pseudomonas sp. Nic22 JEHT THEE 3.0 g/L, pH 6.5, 30-34°C 2008 [19]
Nicotine concentration 3.0 g/L, pH 6.5, 30-34 °C

Pseudomonas putida J5 el THeE 2.0 g/L, pH 7.0, 30°C 2009 [20]
Nicotine concentration 2.0 g/L, pH 7.0, 30 °C

Pseudomonas sp. ZUTSKD ety TR 2.0 g/L, pH 7.5, 30°C 2008 [21]
Nicotine concentration 2.0 g/L, pH 7.5, 30 °C

Pseudomonas sp. CS3 BT THE 4.0 ¢g/L, pH7.0, 30°C 2012 [22]
Nicotine concentration 4.0 g/L, pH 7.0, 30 °C

Pseudomonas stutzeri ZCJ Jemi TWE 1.5¢g/L, pH7.4, 37°C 2012 [23]
Nicotine concentration 1.5 g/L, pH 7.4, 37 °C

Pseudomonas plecoglossicida TND35 Jew THEE 3.0 g/L, pH 7.0, 30°C 2014 [24]
Nicotine concentration 3.0 g/L, pH 7.0, 30 °C

Pseudomonas geniculata N1 e THEE 1.0g/L, pH6.5, 30°C 2014 [25]
Nicotine concentration 1.0 g/L, pH 6.5, 30 °C

Pseudomonas sp. HZN6 pH 7.0, 30 °C 2014 [26]

Pseudomonas putida JQ581 R THE 1.0 g/L 2017 [27]
Nicotine concentration 1.0 g/L

Pseudomonas sp. S-1 Jetr T 0.4 ¢g/L, pH 7.0, 30°C 2020 [28]
Nicotine concentration 0.4 g/L, pH 7.0, 30 °C

Pseudomonas sp. NBB RH TWE 1.0g/L, 30°C, 16h 2023 [29]

Nicotine concentration 1.0 g/L, 30 °C, 16 h

- RIARIE

—: No report.
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TIA — g, B % SR R 7 (Pseudomonas
putida). 7¢I 5 14 (Pseudomonas fluorescens)
PFDI1 W REHE A K, H A LUK

1 Pseudomonas putida X EHXF#E T 16S rRNA EEFIHENRZ LB

(fat-soluble vitamin) 73 fif S 2,5- — F& Bt ik g
(2,5-dihydroxypyridine), F-iE—H FAR b T A iR
(maleic acid)FlH g (formic acid), iX#1 P. putida
MEf e TR, s, B4EHE B %
A B M TR, R 2S a fi 2R D 7] (Pseudomonas
geniculata) N1 &b, AL & R A 2 A
I T ARG R HE .

Z P B LRl

] MUSLE 2.3, JF%133K A GenBank, %} GenBank %3¢ 5 T R4S ; UPGMA R4 L H WY
Ml Bl MEGA 7.0 FF 8T 500 R A 264656, ARG IS R4 R A RN B G BE . AR R R XF W i 23 1

UG L ILEN
Figure 1

Phylogenetic tree of Pseudomonas putida and its related strains based on 16S rRNA gene

sequences. MUSLE algorithm was used for multiple sequences comparison. The sequences were all from
GenBank, and the corresponding GenBank accession number was attached to the strain name. The UPGMA
phylogenetic tree was constructed using the MEGA 7.0 and 500 bootstrap tests were performed to check the
confidence of the phylogenetic tree topology. The ruler indicates the corresponding molecular genetic distance.
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R o Fn K g 2
2.1 REBMREREERST /B EREH~
I B G TR BRI TR A e T A iR AR
ST ETE 1942 4F, Wenusch MAHAEYIT el T
A A AR TR LR B 5 A Y AR B
Jedl TARE Y s R b = AR P RS, A
KA F T KX TRAEYRERE TR
IR RIBESE . 1954 4F, Wada 5515 R T JE
TR ARG R DA I BE IR Y ¥ 5 A0 A FH B g
Bt I SR TG /Y, RIS AS DU 3] T N-F 22
Hr B (N-methylmyosmine) F1 2 & & J& i T
(pseudooxynicotine) i FPA I El 44, FAHEM T
el TRRE& 2, 1978 4F, Thacker %!
TETE R P. convexa U et T At fe v & 3 1 v
[ AR IL S 15 T . 2007 4F, Wang 25\ P. putida
S16 WARFEMREE T T Ryt R b SE 3 13-t
ML AE (3-succinoyl-pyridine) , 6-5%HE-3-3% AL Ak i
(6-hydroxy-3-succinoyl- pyridine), 2,5- _F£3En
WE(2,5-dihydroxy pyridine)Fl & 2K ig (maleic acid)
SR AIATS, 2014 4F, Raman ZEPERFSY
A AR AT A1 2R 7 (Pseudomonas plecoglossicida)
TND35 AL el TR ek R 8 1Bk N-FT &
W Z A e oAt 4 FpAGH LA, Hrp 4-5%
F-1-(3 MEMESL)-1-T P [4-hydroxy-1-(3-pyridyl)-
1-butanone] & Jf 5 4F A7 W fild % (tobacco  specific
nitrosamines, TSNA) A =4, X — & B A 4H
B H AR SR SR A TR R . [RAE,
Liu %7 P. geniculata N1 F&f# e i T 3 &
K2 1 6-¥2%L et T (6-hydroxynicotine) , 6-5%
FE-N-H L2 101 (6-hydroxy-N-methylmyosmine) |
6-F R AL E 1 T (6-hydroxy-pseudooxynicotine) |
2,6- — F& X | X B Y T (2,6-dihydroxy-
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Kbl 20142023 AEIE S THEA MR FAAR 2
TR R AR AR B E e E T
AlgkT . EALJE T T (oxynicotine) . 3-AHME-L-H 3k
fifil (3-pyridy-L-methyl-ketone)** 2 (fat-soluble
vitamin) A1 3-B% FAME-IHE -N-FE 1LY (3-succinoyl-
pyridine-N-oxide)%:** A [ 5 B 1 J v 5 5
A4 1R =TI 2,

Bt E AR AR e T X — S A 5 R
FEB WG, AR SEN BLR S th— Rk JE T T R
TR, fir4sl P. putida S16, FFHR AR IR
(nuclear magnetic resonance, NMR) , i H 2% 5
21 4 1%k (Fourier transform infrared spectroscopy,
FTIR) . %5 7 )% 3% % (ultraviolet spectroscopy,
UvVS), X it Bk A (gas chromatography-mass
spectrometry, GC-MS) & 43 ¥ % Jii % 1 (high
resolution mass spectrometry, HRMS)Z3#T ) 4%
R, e 7L OSSR, R TR
Bk P. putida S16 Bt THYSEAR: WENT
B 2,5- TRk nE, hEFYOY 3-RIET R
(3-hydroxybutyric acid) . N-FH & 3 17 B F13% ¥
B2, Zam A R AR A e Tl T i ik g e
WP, AL, WA LB T —F e TR
W PRI Y 452143 MEIE KE)-1-T R
[4-hydroxy-1-(3-pyridyl)-1-butanone]"® . 7 &
W5 2 T — R AL e T AR P, sp.
HF-1 FIJLFP LART A AE 23 i [ 44D,
AR e HRARRI 2 R R Tl TP 7R P osp.
Nic22U"H1 P. sp. ZUTSKD PV Je i T i
i RRVER 1| a0 R ST K NP /(TN €28 5
HF-1 BEfg el T 2 A vh AR K I 31 N- R BR22 Jor
B, MERIMT 6-F25E-3-BFHIME-MLuE F1 3-3%
FATE -nk s X W A AL S W, X UL R HF-1
gy Je i T A A S A AR PR M T R AR A
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Table 2 Specific metabolite identified in different Pseudomonas sp.

RS A A )
Strain Specific metabolite
Pseudomonas sp. 41! N-FIEZ Y, RSB T

N-methylmyosmine, pseudooxynicotine
Pseudomonas convexa Pc1”l R IEJEH T
Pseudooxynicotine
Pseudomonas sp. HE-10'7) R RAM, EHRERET . HEIEG-ME ) FE ., g, Zi
Nicotyrine, nornicotine, cyclopropyl (3-pyridinyl) ketone, cotinine, mysomine
Pseudomonas putida S16!'5)  {E4EJE T T 3-BRHABE-ILRE . 65 IE-3-BREAME-ILNE . ThoRmR . BRHIMR . WM
Pseudooxynicotine, 3-succinoyl-pyridine, 6-hydroxy-3-succinoyl-pyridine, maleic acid,
succinic acid, fumaric acid
Pseudomonas sp. Nic22['! FHRHY . ARk 2,5- T IRk
Mysomine, cotinine, 2,5-dihydroxypyridine
Pseudomonas putida J5!2 3-BRFHBE-MLNE . BRAZEE N T . 3-BE ML Nk e
4-3-succinoyl-pyridine, pseudooxynicotine, 3-succinoyl semialdehyde-pyridine
Pseudomonas sp. ZUTSKD?! 3-BEHIME-ILIE . 2,5- "5 5Emkng . w4k T
3-succinoyl-pyridine, 2,5-dihydroxypyridine, cotinine
Pseudomonas sp. CS3[2%! EHERE T T
Nornicotine, cotinine
Pseudomonas stutzeri ZCJ™  6- 3 3E-3-BEFAME-ILIE | 2,5- 3RS g
7-6-hydroxy-3-succinoyl-pyridine, 2,5-dihydroxypyridine
Pseudomonas plecoglossicida N-H JEZZHTR | 4-533E-1-(3 Mk g 5E)-1-T i
TND3524 N-methylmyosmine, 4-hydroxy-1-(3-pyridyl)-1-butanone
Pseudomonas geniculata N1 22 # B | o[k 77| 6-2 3L 8 il T, 6-FR3E-N-HI L 1 | 6- 3 k-4 e i T
Mysomine, cotinine, 6-hydroxynicotine, 6-hydroxy-N-methylmyosmine,
6-hydroxy-pseudooxynicotine
Pseudomonas sp. HZN6%! (B4R IEJE T T . 3-BEFAME-MENE | 6-F8 3 -3- 5 1A /Bt - ntt i
Pseudooxynicotine, 3-succinoyl-pyridine, 6-hydroxy-3-succinoyl-pyridine
Pseudomonas putida JQ5812%7 R4 KL /e T . 3-BEHAME-H e
Pseudooxynicotine, 3-succinoyl-pyridine

Pseudomonas sp. S-112% AT . 3-BRIAME-MLAE . 6-FRRE-3-BRIAME-MLNE . 2,5- Mk
Cotinine, 3-succinoyl-pyridine, 6-hydroxy-3-succinoyl-pyridine, 2,5-dihydroxypyridine
Pseudomonas sp. NBB!?”! 6-FRFEE M T N-FIREEMI . 2,5- 8 Femkne | BERER N T, 3-B8FAmE-nLnE

6-F5 BE-3- B FHME- ML uE
6-hydroxynicotine, N-methylmyosmine, 2,5-dihydroxypyridine, pseudooxynicotine,
3-succinoyl-pyridine, 6-hydroxy-3-succinoyl-pyridine

g R, BERESA SR AE T Tk 22 BREAMBEERBREETHREEERS
=4, BRRFRAGERNT 4 AaRemmy  HAEER
AR T R A% MERER AR . ML A i CL A R AT R IR P 9 Je ol TR
Fo . MLIE RIS e A8 S AR e 22 AR AR, MREEREA LUT 4 FloR AR &k  IBE AR (FE1TFT
B AR R T TR 2o A, AP AIEAT RO IO IR e A S A L I
FREA M FRER. BERAR (B 2 H IR R IR M B AR e o TR
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KI5 W AR I B AL &8 2288 e i T AT IR

L. #F Pseudomonas putida S16 FEfFd f R AL T &4 1 (ki) PRk 595 78 Nic22 #l
HF-1 [ B A B T A 2 Figds 3 sRe 59, 18 HF-1 Bl # b A B 7 igde 4 A&
Figure 2 Speculates on the pathway of Pseudomonas sp. degradation of nicotine. The compound within
square brackets in the figure are 2’-hydroxynicotine and 4-oxo-4-(pyridin-3yl)butanal, which was not
detected. Metabolic compounds in pathway 1 (pyrrolidine pathway) were found during the degradation of
Pseudomonas putida S16. Metabolic compounds of pathway 2 and pathway 3 were found during the degradation
of Nic22 and HF-1, and metabolic compounds of pathway 4 were found during the degradation of HF-1.

) A 25 F B AR AR (75— S B AV B A ) vh
Bk OB, ZEHI B HF-1. ZUTSKD F1 Nic22
SRR PR E T T R R e, R BT LR
LA R g T gk R T
W), X915 P. putida S16 YLLK Lt
AR AR AN TR], Ud B R RE R 5 P
B iR, A E ARG S T RRzE.
UEAh, Ll X Hk % IR B Bk HF-1 B REfR =4
o R U E) T 3- 3% P - il BE (3-succinoyl-

pyridine) 1 6-¥8 5L -3-3% HME-ML IE (6-hydroxy-3-
succinoyl-pyridine)”®®!, X Vi B ¥k HF-1 f9JE
TRE AR A AT REA FR4r 25T P. putida S16,
B4y P. putida S16 A,

W3 e P. putida S16 F1 A. nicotinovorans''”!
e T BRI AR, TN & BLUE T BE JCAH W)
fy Hp e =, At T AR ) B SR 2 e BT 7R
P. putida S16 [ e TR, Jeil T8k
JeiT THEAE RS nicA fEILFILD N-H A2
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e, SRJE N-F A2 Jr ] 3 R K i A i S
JE 1 T (pseudooxynicotine), B FEJE i T #
nicA ML LA, 2 HRKM, HF—2i1
A7 3-BEIAME - BE (3-succinoyl-pyridine), Bl 5
3-BRFATRE-NHLBE P A BE IR TR AL, K 3-BREAME-niL
WE Sk Sk 6- %8 JE-3- 3% FA Tk - it BE (6-hydroxy-3-
succinoyl-pyridine), 6-#% 3k -3-B% ¥k - nt e 9k
6- 2 HE-3-BR FEITE - ML IE P2 fb i B 2,5-—0%
FEAIE(2,5-dihydroxypyridine), 2,5- %% JE itk B Y
Mt WE PR 2T 5 e Al Th R Mk e IR 5 i T
M, I —EIEAZRBRIGI, #Hirik—2m
B, 78 A nicotinovorans AR R, JE
TR AR AL T e TR R S B ) A
B, B gy - RN T
(6-hydroxy-nicotine), [ J5 6-¥3k ety T i —
Z AN B S B AL . KRR IR, e
B, 2,6- R HLAkE(2,6-dihydroxy pyridine)
A y-N-H FE & 3 T R (y-N-methyl-aminobutyric
acid)*! &% Ffirik , A. nicotinovorans i P. putida
S16 fEJe il T R fad A b i At i 428 2 v ) =
Yk NI

3 BREMEEME ST HAX
=35

Bl TR DA JE T T B A DG A 5 R
%, AT Ie W T e 20 & s b il Je ity
TIEfEA RN E g L B, (H)E, MER
SR B B TR R A JE o TR A AL 45 B R
D

1978 4, MM E il T itk Pel [
STt THIFERA F NIC ok 7. 2015 4F, Hu
EHYEET P. putida S16 FRRAYSERLLSCRE, 07
e T HAT et T AR RE ) FHE 7% GTPF,
EaARMIE T T nicl LR, GEIG 2
THEEARN N-FRELE I | eI e T, 3-8

HAME-MERE . 6-F2 3k 3-BRFIME- Nk he F1 2,5- 53k
memEC; @I Xt GTPF g7V valbe, #5453 T 4
i 6-F 5L 3-BR I M-tk e AL B ZE A hspA F1I
hspB, ZHEGFRERMEIL 6-F23E 3-BRFIME-nbnE {f H:
B AN 2,5- R SENERE , It hsp RS 51
PR R AR T T B SCHESE A Y, 2019 4R,
B EEfEAT T P. putida S16 JETl T LA %
12 S8 B W i SR B, 2 BT 7E P. putida S16
AR ST IRAE TG A PR Wi R R SR
NicR2 & [, i1t DNA 3R 4fifh 52 56 F 4G
AR, #IAT NicR2 25 T )38+ Pspm A9
SRS, SR8 Pspm B BT ] 0§ SR BT
i 4 NEEKF S (spmA. spmB. spmC Fil nfs),
AL F nic2 FERFE R ; PR IE &I P. putida
St6 e T iy iy, e T4l
3-BEIAME-MLIERYIX — 25, J2& P. putida S16 JE7T
TR G R AP TR, X — OGP
DR UE B2 — A R e T e A Ak
(pseudooxynicotine amine oxidase, Pnao)7E A
F, Pnao 25 FXf W (3L A pnao J2& P. putida S16
AWz AT N PSS B TS

Wang 557 ] 22 2455 2 A0 B 7 AR T Ak
HF-1 H %80 th—FP el DLREAR JE T T 0 B K
HAw4 4 pMHI, W58 & BUAE pMH1 Bk &R 1Y
RASKFREH, R HF-1 232K R e T
AEJT, # pMHI %8 S {5 ol 18 i 3 2 KT
WS, KRBT REERERTS e T R0
REJ1, JFHAE pH 7.0 R B AR K d5cE: pH
E) 26 1F T WoR A 1 e ol T R maieRrt,
B, Aot it — 2 kM S 5ewn T AR hsp
FEFEALF pMHL |, pMHI L2 —Fog 1Y)
Je ity TR ok Yu 4k A B #23k PCR
(self-formed adaptor PCR, SEFA-PCR)4% AR5 T
JERE pMHI 427 51 € , R/ 23 315 bp,
It H AT EEAR B P R AR E A e s R R
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2 0 5 B LT R A0 e AN Th e S, & B
R E AT A A 6-F8 i -3-B% B - Nk B
Akl 2,5- " FRFILMERE ) hsp FEH, B EH ML
AR e T T AR 3-BEFAME-MLne Fn H A amo
FHPY,

Xia 5 MR EEARBR b 43 2 —Fh BB A 4R
fifJe T TR B P. putida J5, @it TnS %)% 1
VAR AR e i T AR AR G R A 74 BE [H 21
SyHT, KB TnS B HEF4f A P. putida J5 (1 1%,
iR 35 H LB 74 Wl L ) (panB) A7 152 2% % A Rk 1
panB X K 5k E. coli K-12 FIFHIE Jy 54%,
[F] B R B panB A& [R5 i P. putida J5 2% 25 4 fiF
Je i THyRE s, 1 E. coli K-12 () panB J:[H iy
(] Mt 2 A5 AR g o8 e T 1 K A2 380 B A R OKOF-
45K panB J& P. putida J5 Ui & T AU &
SR RO

Qiu FEMFFLIH et — MR JE T = R o o
Pk HZN6, iy H R LS, i
BT IR T R TR AR AT R 2R AR
BRSCIE, TRk 229 A5ARRE, X o AR R A i bk
RESEATAFSY , K BLZEAEPE Nom1 H orfC SR Bl
AGRAR % HE I i — Fl B 5 % T[] U5 26 1
SirA2, I EER R S RE AL, #iIA orfC
KRS 3-BEHAME-MLaE (A s 5y — AR
Pk NemC8 WAL et T A R ) R0 28 4%,
FIH SEFA-PCR Jyiky s, KMHH 4 pao
Ml sap AL, Hidb pao B[R 4wid i A L 2
TR ARES, LR e T AR 3-35
fiaf - NE 5 sap SEPR g fith 3-B5FA MR EE Nk b
JIE SR, Ak 3-B5 AR Y 1 -k e S A A 3-8
M-t e,

4 RZ

IR, 3 1 5 A 0 4 A o 1 e e v
AT KRR R FE A el TR K

X R fEE M, TR BU™ E 5 R,
R TR R et T R B S A, BB T 2
FWE R EE T, FFREAI e S TRy E—
A IR R IR AT AR, Al U BRI e T
XTI SR, e T & A
PG Y s, FEBRRC T Bl R,
bR et T AR, ST R,
171 B B T PT LA AR AT A R R e T R
PSRl e S0 i, ATl Al /b J o7
J2E B AR A A TR IR ), AT T 08 - I8 i Jo
A 6 [] P ok 2 AR I A8 PN A BT, S i e
B A B ) AR,

B A e TR BN E 2, A
SCERIR TR B R AR SR T T AR R L A
PR AR JE o T A R A = Py AR A, LA
LB T AR S T T A OCEE I, i T R
MR e T T /Y 4 Bl T RERY MR CIl IR A o e
A1, AEABCRI R R AR JE v T IR A P AR A
PP RA LA AN, W P. putida S16 SF{E
N TR s Rk AT LUK Je T A 6-F0k-3- B
TE-nHEBE A 2,5- R BRILBE , BT A g Y
A% IR B B BT 5T, I BN 2 2R 0
APREN A ARAT, XA AR R SR e
TR R T — A L

SRR ABLERL L T 22 1) B e AL A A o A F)
I A B S T e g AR PR AL T R Y
SR Z LR HE , BRI A JE
T ML B R I I%, KRRk IR A 5 XA
AR A ML T 18 AN AT, O e R P 98 K e il A1
PR R Bl oE b, I, H AN R ik R
ARSI T B, X AR BRI
DU EORTER U . Bl BE N A~ 5 R P A
PRI, A5 Al DLd a7 vk A S
ABEgByLEoott . mEhoolrr . RO
DA i B MM B 4 5 3%, AN AR I 32 i s 3 7

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



2806 WA

FiE Rk

Microbiol. China

ks SO A R Sh T TR, R TR E
o T AR SCEE I A B AKF-, - BT 4R g % A
el T RS ld RRGIEA e T U
A )t P s i) At FH 32, o bR AR SR T o fie
Jed T NIRRT 7 1] S BN FH RO 564k, LA
SEBRA A AS IR SR SR A A BB S

REFERENCES

[1]7 B MLmh, SKEEVE, BEE, B, §F FAM, 30
. el TR IR LN-1 2% K 5L R4 4y
Fri]. FEPR A= 50 A, 2023, 42(2): 143-161.
ZHAO FC, ZHANG HY, JIA W, HUANG WX, HAN D,
XU ZC, DANG BJ. Identification and whole genome
analysis of strain LN-1 with the ability to degrade
nicotine[J]. Genomics and Applied Biology, 2023,
42(2): 143-161 (in Chinese).

(2] AT, BRiFss, PRIEDR, 2508, PhI0i. A0 &% 5

Wy vl £ X Sk AT BIL DD ) T 0 R A I O SRR (. AL
WA, 2020, 60(12): 2650-2663.
ZHENG XC, CHEN ZY, CHEN GQ, L1J, ZHONG WH.
Progress in microbial degradation of refractory
organics in tobacco waste[J]. Acta Microbiologica
Sinica, 2020, 60(12): 2650-2663 (in Chinese).

(3] #AEmE. 81kl T2 F 4 miR-21/Pdlim5 Ji#% &
P I e L 0L 5 B A3 (D] JR M IR N S A 2
53¢, 2020.

DONG JL. Chronic nicotine exposure alleviates acute
ischemia-induced blood-brain barrier damage though
regulating of miR-21/Pdlim5[D].
Thesis of Soochow University, 2020 (in Chinese).

[4] NOVOTNY TE, ZHAO F.
production waste: another externality of tobacco use[J].
Tobacco Control, 1999, 8(1): 75-80.

[5] WILKES RA, ARISTILDE L. Degradation and
metabolism of synthetic plastics and associated
products by Pseudomonas sp.:
challenges[J]. Journal of Applied Microbiology, 2017,
123(3): 582-593.

[6] WADA E, YAMASAKI K. Degradation of nicotine by
soil Bacterial[J]. Journal of the American Chemical
Society, 1954, 76(1): 155-157.

[7] THACKER R, RORVIG O, KAHLON P, GUNSALUS
IC. NIC, a conjugative nicotine-nicotinate degradative
plasmid in Pseudomonas convexa[J]. Journal of
Bacteriology, 1978, 135(1): 289-290.

[8] SCHWABE R, DITTRICH C, KADNER J, SENGES

Suzhou: Master’s

Consumption and

capabilities and

CHR, BANDOW JE, TISCHLER D, SCHLOMANN M,
LEVICAN G, WICHE O. Secondary metabolites
released by the rhizosphere bacteria Arthrobacter
oxydans and Kocuria rosea enhance plant availability
and soil-plant transfer of germanium (Ge) and rare earth
elements (REEs)[J]. Chemosphere, 2021, 285: 131466.

[9] WANG L, MU X, LI WJ, XU Q, XU P, ZHANG LY,
ZHANG YB, WU G. Structural, mechanistic, and
functional insights into an Arthrobacter nicotinovorans
molybdenum hydroxylase involved in nicotine
degradation[J]. Molecules, 2021, 26(14): 4387.

[10] SCHENK S, HOELZ A, KRAUSS B, DECKER K.
Gene structures and properties of enzymes of the
plasmid-encoded nicotine catabolism of Arthrobacter
nicotinovorans[J]. Journal of Molecular Biology, 1998,
284(5): 1323-1339.

[11] ZHANG ZL, MEI XT, HE ZL, XIE XY, YANG Y,
MEI CY, XUE D, HU T, SHU M, ZHONG WH.
Nicotine metabolism pathway in bacteria: mechanism,
modification, and application[J]. Applied Microbiology
and Biotechnology, 2022, 106(3): 889-904.

[12]LI J, WANG J, LI SS, YI FM, XU J, SHU M, SHEN
MJ, JIAO Y, TAO F, ZHU CY, ZHANG H, QIAN SL,
ZHONG WH. Co-occurrence of functional modules
derived from nicotine-degrading gene clusters confers
additive effects in Pseudomonas sp. JY-Q[J]. Applied
Microbiology and Biotechnology, 2019, 103(11):
4499-4510.

[13] HUANG HY, SHANG JM, WANG SN. Physiology of a
hybrid pathway for nicotine catabolism in bacteria[J].
Frontiers in Microbiology, 2020, 11: 598207.

[14]HUANG HY, YU WJ, WANG RS, LI HL, XIE HJ,
WANG SN. Genomic and transcriptomic analyses of
Agrobacterium tumefaciens S33 reveal the molecular
mechanism of a novel hybrid nicotine-degrading
pathway[J]. Scientific Reports, 2017, 7(1): 4813.

[15] DEAY DO 3rd, SEIBOLD S, BATTAILE KP, LOVELL
S, RICHTER ML, PETILLO PA. Improving the kinetic
parameters of nicotine oxidizing enzymes by homologous
structure comparison and rational design[J]. Archives of
Biochemistry and Biophysics, 2022, 718: 109122.

[16] HUANG CC, SHAN LH, CHEN ZY, HE ZL, LI J,
YANG Y, SHU M, PAN FD, JIAO Y, ZHANG FM,
LINHARDT RJ, ZHONG WH. Differential effects of

NicR2A,

NicR2B1, and NicR2B2 and endogenous ectopic strong

homologous  transcriptional  regulators
promoters on nicotine metabolism in Pseudomonas sp.
strain JY-Q[J]. Applied and Environmental Microbiology,

2021, 87(3): €02457-20.

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



I F | REBARMEDN T ERNARER

2807

[17]RUAN AD, MIN H, PENG XH, HUANG Z. Isolation
and characterization of Pseudomonas sp. strain HF-1,
capable of degrading nicotine[J]. Research in
Microbiology, 2005, 156(5/6): 700-706.

[18] WANG SN, LIU Z, TANG HZ, MENG J, XU P.
Characterization of environmentally friendly nicotine
degradation by Pseudomonas putida biotype A strain
S16[J]. Microbiology, 2007, 153(Pt 5): 1556-1565.

[19] CHEN CM, LI XM, YANG JK, GONG XW, LI B,
ZHANG KQ. Isolation of nicotine-degrading bacterium
Pseudomonas sp. Nic22, and its potential application in
tobacco processing[J]. International Biodeterioration &
Biodegradation, 2008, 62(3): 226-231.

[20] XIA ZY, ZHANG W, LEI LP, LIU XZ, WEI HL.
Genome-wide investigation of the genes involved in
nicotine metabolism in Pseudomonas putida J5 by Tn5
transposon mutagenesis[J]. Applied Microbiology and
Biotechnology, 2015, 99(15): 6503-6514.

[21] #MAIFY. JE & T kb4 % B Pseudomonas sp. ZUTSKD

109 53 15 58 R % R figp e M AR i A2 A B SE (D] BT -
L Ll R 22 A 12267 1830, 2008.
SUN KD. Isolation and characterization of a high
nicotine-degrading  bacterium, Pseudomonas sp.
ZUTSKDI[D]. Hangzhou: Master’s Thesis of Zhejiang
University of Technology, 2008 (in Chinese).

[22] WANG HH, YIN B, PENG XX, WANG JY, XIE ZH,
GAO J, TANG XK. Biodegradation of nicotine by
newly isolated Pseudomonas sp. CS3 and its
metabolites[J]. Journal of Applied Microbiology, 2012,
112(2): 258-268.

[23]ZHAO L, ZHU CJ, GAO Y, WANG C, LI XZ, SHU M,
SHI YP, ZHONG WH. Nicotine degradation enhancement
by Pseudomonas stutzeri ZCJ during aging process of
tobacco leaves[J]. World Journal of Microbiology and
Biotechnology, 2012, 28(5): 2077-2086.

[24] RAMAN G, MOHAN K, MANOHAR V, SAKTHIVEL
N. Biodegradation of nicotine by a novel nicotine-
degrading bacterium, Pseudomonas plecoglossicida
TND35 and its new biotransformation intermediates[J].
Biodegradation, 2014, 25(1): 95-107.

[25]LIU YH, WANG LJ, HUANG KM, WANG WW, NIE
XL, JIANG Y, LI PP, LIU SS, XU P, TANG HZ.
Physiological and biochemical characterization of a
novel nicotine-degrading bacterium Pseudomonas
geniculata N1[J]. PLoS One, 2014, 9(1): ¢84399.

[26] 5 4 [l R 5P B e A J2 vty T /9 20 T AL AT 52 [D].
B WL A 2R 3, 2014,

QIU JG. The molecular catabolic mechanism of nicotine

by Pseudomonas sp. HZN6[D]. Hangzhou: Doctoral
Dissertation of Zhejiang University, 2014 (in Chinese).
[27]L1 AW, QIU JG, CHEN DZ, YE JX, WANG YH,
TONG L, JIANG JD, CHEN JM. Characterization and
genome analysis of a
acid-degrading strain Pseudomonas putida JQ581
isolated from marine[J]. Marine Drugs, 2017, 15(6): 156.
(28] INGE5E. — TR M o 2% A T 1) o 88 5 D L e g A
HIWFFE[D]. S HE: 2Ry R AL~ 7383, 2019.
SUN MM. Isolation, identification and degradation of a

nicotine and nicotinic

nicotine-degrading strain[D]. Hefei: Master’s Thesis of
Anhui Agricultural University, 2019 (in Chinese).

[29] XU ZY, ZHANG TT, HU HY, LIU WZ, XU P, TANG
HZ. Characterization on nicotine degradation and
research on heavy metal resistance of a strain
Pseudomonas sp. NBBJJ].
Materials, 2023, 459: 132145.

[30] BRIR. —BRMT A 8 vy T Ra At vl 1) 03 13 S 0 L R
FAAAE B AT AR AT FE[D]. FBIH : KB R~ L
AL, 2019.

CHEN C. Screening, isolation, identification and

Journal of Hazardous

characteristics of a new nicotine degrading strain,
optimization of degradation conditions and elucidation
of the catabolic mechanism[D]. Zhengzhou: Master’s
Thesis of Zhengzhou University, 2019 (in Chinese).

[31] WENUSCH A. Further study of a biological decomposition
of nicotine[J]. Ztechr Untersuch Lebensmittd, 1942, 84:
498-501.

[32] FITZPATRICK PF. The enzymes of microbial nicotine
metabolism[J]. Beilstein Journal of Organic Chemistry,
2018, 14: 2295-2307.

[33] CHANG XH, WANG Y, SUN JG, XIANG HB, YANG
Y, CHEN SW, YU J, YANG CL. Mitigation of tobacco
bacteria wilt with microbial degradation of phenolic
allelochemicals[J]. Scientific Reports, 2022, 12(1): 20716.

[34]YU H, HAUSINGER RP, TANG HZ, XU P.
Mechanism of the 6-hydroxy-3-succinoyl-pyridine
3-monooxygenase flavoprotein from Pseudomonas
putida S16[J]. The Journal of Biological Chemistry,
2014, 289(42): 29158-29170.

[35] WANG MZ, YANG GQ, MIN H, LV ZM. A novel
nicotine catabolic plasmid pMH1 in Pseudomonas sp.
strain HF-1[J]. Canadian Journal of Microbiology, 2009,
55(3): 228-233.

[36] MNI2. MREAM T CRISPR K:[H 4n# R S~ 5 1
FID]. UM VTR 42208 3L, 2020.

SUN J. Establishment and application of CRISPR genome
editing systems in Pseudomonas{D]. Hangzhou: Doctoral

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



2808 WA

FiE Rk

Microbiol. China

Dissertation of Zhejiang University, 2020 (in Chinese).

[371 TANG HZ, WANG LJ, MENG XZ, MA LY, WANG
SN, HE XF, WU G, XU P. Novel nicotine oxidoreductase-
encoding gene involved in nicotine degradation by
Pseudomonas putida strain  S16[J]. Applied and
Environmental Microbiology, 2009, 75(3): 772-778.

[38] WANG X, TANG L, YAO YL, WANG HX, MIN H, LU
ZM. Bioremediation of the tobacco waste-contaminated
soil by Pseudomonas sp. HF-1: nicotine degradation and
microbial community analysis[J]. Applied Microbiology
and Biotechnology, 2013, 97(13): 6077-6088.

[39]HU HY, WANG WW, TANG HZ, XU P.
Characterization of pseudooxynicotine amine oxidase
of Pseudomonas putida S16 that is crucial for nicotine
degradation[J]. Scientific Reports, 2015, 5: 17770.

[40] DEAY DO 3rd, COLVERT KK, GAO F, SEIBOLD S8,
GOYAL P, AILLON D, PETILLO PA, RICHTER ML.
An active site mutation in 6-hydroxy-L-Nicotine
oxidase from Arthrobacter nicotinovorans changes the
substrate specificity in favor of (S)-nicotine[J].
Archives of Biochemistry and Biophysics, 2020, 692:
108520.

[41] TKBETE, SR, UM, 275, Fhaeds, SR, %

FL. s et T AR St e (1], 26
BT Y 5 iR, 2021, 43(6): 772-778.
ZHANG HY, DANG BJ, JIN YN, LI ZW, SUN YX,
GUO XH, XU ZC. Research progress on biological
regulation of nicotine in tobacco waste[J]. Environmental
Pollution & Control, 2021, 43(6): 772-778 (in Chinese).

[42] BRZEVE. MRRIE AR AN R AR AR AT LN-1 (Agrobacterium

tumefaciens LN-1)FfiE . %5 & H MR E[D].
KR T Al KPR 248 5L, 2021.
ZHANG HY. Study on the screening, identification and
degradation characteristics of the nicotine-degrading
bacteria Agrobacterium tumefaciens LN-1[D]. Zhengzhou:
Master’s Thesis of Henan Agricultural University, 2021
(in Chinese).

[43] B, R SLBCERM B S16 83 T kg AR 4> 7 P
WF5E[D]. bl b Al Rl A A8 3L, 2019.
HU HY. Molecular mechanism of pyrrolidine pathway

of nicotine degradation by Pseudomonas putida S16[D].

Shanghai: Doctoral Dissertation of Shanghai Jiao Tong
University, 2019 (in Chinese).

[44)MIHasAN M, BABII C, ASLEBAGH R,
CHANNAVEERAPPA D, DUPREE EJ, DARIE CC.
Exploration of nicotine metabolism in Paenarthrobacter
nicotinovorans PAOI1 by microbial proteomics[M]//
Advancements of Mass Spectrometry in Biomedical
Research. Cham: Springer, 2019: 515-529.

[45] QIU JG, MA Y, CHEN LS, WU LF, WEN YZ, LIU WP.
A sirA-like gene, sirA2, is essential for 3-succinoyl-
pyridine metabolism in the newly isolated nicotine-
degrading Pseudomonas sp. HZN6 strain[J]. Applied
Microbiology and Biotechnology, 2011, 92(5): 1023-1032.

[46] WEI HL, LEI LP, LIU S, XIA ZY, LIU XZ, LIU PG.
PanB is involved in nicotine metabolism in Pseudomonas
putida[J]. International Biodeterioration & Biodegradation,
2009, 63(8): 988-992.

[47] 4K BR, WoRTE, M%EM, 0, 285, BIER
B JE it TR Ak A TR 1) 22 A B AR A R A3 A ().
T YA 4, 2021, 48(10): 3632-3641.

LI YY, ZENG ZL, YANG JW, LI G Y GU YF. Analysis
on the diversity and plant growth-promoting characteristics
of Dbacteria in rhizosphere of flue-cured tobaccol[J].
Microbiology China, 2021, 48(10): 3632-3641 (in Chinese).

(48] MW A<, RPRMIEE ZZ-5 WA JE i T g B ik i 425G

FEMEITFE[D]. KB M A Tl K2 A 2 638 3
2019.
ZHENG YD. Study on key enzymes of pyrrolidine
pathway degrading nicotine by Pseudomonas ZZ-5[D].
Zhengzhou: Master’s Thesis of Zhengzhou University
of Light Industry, 2019 (in Chinese).

[49] HU HY, WANG LJ, WANG WW, WU G, TAO F, XU
P, DENG ZX, TANG HZ. Regulatory mechanism of
nicotine degradation in Pseudomonas putida[J]. mBio,
2019, 10(3): ¢00602-e00619.

[50] Fmils. WELIAME S16 AR e il T 4> FHLae
WE5E[D]. b b R 2 B 5, 2014,
WANG LIJ.
Catabolism by Pseudomonas putida S16[D]. Shanghai:
Doctoral Dissertation of Shanghai Jiao Tong University,
2014 (in Chinese).

Molecular Mechanism of Nicotine

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


