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HE: ¥t (methane, CH,)Z KA ¥4 F R

T WL RMAIAEY . RERTFATMAMNARIR LN . ShHh A L%
J A SFHEAXCH,, A2 — AR R L = A ey R R B AR 4.

KRR E, CHES M T EA R EE. REMAFR

R TS A A AR T AR R, CH MRS B at i, m ELASAL AR AT S 2 AR, 2 P 49 o T AUBEAE 3 & 3 2
Yo ik W 05 FOKF Ao it B KT 60 R4E . AR T AW . ShdhAtad b M IRCH, = A folEsl. AW F R R S

TFHUIE, 42 B CH, T Ak 2 — A+ 31 69440 AARAE 5 4T 6980,

KR T o 15 50T AL

Hl )7t (methane, CH )2 — L. LIk, T
B SRS BB SUE, OB T K, m BE Y CH, BE
Wit kE . 21, HERET. NaF 2
Kb, CHZ —M G KSR T, J& T B a5
P, W KA s FEE ISR AL &),
I AE KA 22 T k3% %5 B 24 H (Solomon %
2009). CH,7EHEVE P H 2 LT JRUK 7 A7
15, JB TIE R ReRTEE . H AT B SN, B A
1% (carbon dioxide, CO,)Z 4b, CH, A& Xt = 2
B B¢ K IF) S 44 (WangZ52008; Heimann 2010).

M B 0T 4, B X — %84k El(nitric
oxide, NO)WHF FLiZ IR N, B2 W« SRAME 55
FrBD RN TR S, HEf &k
FEFENO. —F A (CO). Fifb A (H,S)FIES
(Hy). 1ERN—M ENOMAL SR/, CH A
WA AR O I T R S . R R L DURT A
TR R I A= BhA S W) e 8 7 A2 91 R T
CH,, (H—BEANE R =L R S A BT fe . B
I BT iR, CH A S A KA E ) iz 4
YRR . o, Bh e ) AR A A O A H
PUAEAL BT SORE S, A 2 RN A HE 2 w0t 4R AR
W AE PR P RO 22 AN i AR R AR 45 (Cui%62015; Ye
££2015; ChenZ:2016; Zhu%52016; HanZE2017; Qi%:
2017; Samma%52017), A SCEEIRAH KA 78 1E o
1 CH,AYSE4RIR

MME oy DL, KA CH, & iR 0E
B, I 17504E19715 nL-L 338 3 i 2120094E 1)
1800 nL-L" (Forster4:2007; Dlugokencky%4$2009),
WKAREIEE]156% . HAEK W, Va4 N L1358
H PR AL R R GE R A 3% 107~4x107 t, FARFEHTETS d
P9 AR R R e A $4.5~15.9 g-m™ (SassZ:

1990; Kingf1Schnell 2009). #4725 i@ 42 AN ],
CH, [PIRIEHE 43 R AE DRI AN AR AR )R8, Hoh T
b B K B R KA CH, I = B R AR Yok I .
SAAEY kM, CHAYIREARE T2, BT
2 HRTE BB A AR (B2 W e AT R, Meth-
anogenus) ¥k, ICAFAESNPIFIFE S EVIHRIE . HEAE,
PRI R 1t e R M CH, 1 72 A S R (B 1)
L1 EHCH M=, 5%

—E LAK, Bb A DA S K4 AR PR IR
() CH, A2 10 b & 2% A AR = A 1), B e
FRGE T VR F o 3™ 4% BRI A A 08 5 43 A
TERETHE RS . HAEA R4 KRR 2311
B, HAEAE YA HLIE JR CO,AE B CHL I 77 A2 (1)
fit & (WoeseZ£1990; Conrad 1996, 2005; Schimel
2004). ST R FTIL R B, HEEL R AT DLAE A A
St R 77 A 3B CH, (Lenhart52012; Watanabe
22012).
1.2 P CH, P % 552

WFFER A, 1/3~2/3 1 NP H AT DUAS: i )
CH,, JELLZYINE H ISR R R FE & A CH,. H
TAE W LB i A7 LE TR F R K AL S
PR A= HOBE R, DR & N sh R CH, &
FH I S Gl AR P R AU I 20 T P 2 1R (Nose 552005
Costello%5:2013; Tuboly%5$2013).
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Fig.1 Direct CH, production and emission by eukaryotes including fungi, animals and plants

HRPELiuZE(2015)F1HanZ5:(2017) CERIE -

— U2 PR G 7~ CH, FT RE A A2 BRVEPE, 140, Doug-
herty%5(1967)44 “Chric i CH, i 532 2 f i i
RIULE 2T H 1S A 7 A5 “CHRICfICO,. Boros
S5(1999) 38 i %o A AT gy PR i ifL P RE VR VR T, R
oy AR R CHL K BTF, R 3PNt S ik
HH I CH, P RE A P AN SRIR: — /Mt i1 AR
WSS R CH,, 55— ANl il sh) B SR &
12724 ICH, (Tuboly242013). £ & B2, Whia
REE SR N CHKE 7t lin, DRSS 1F
TR A FERT B, e B T R b A 2 T 4R
A E BN A CH A B 8, Horh 4 B B R mT B
B CH, 0% 1 AR U & 42 1075 B (Ghy czy 5$2003)
Tuboly%5#(2013) K I, B BN G ML FZ G
A AT P40 i € 3 CEAL G 1) Th e, AT A 2 KL 4
Dhag &L, & FHCHIKF R & Mk, CH,RE
8 38 It A L H T B T FOEL BB A D3 % A T S
1.3 #EHHRCH % 58

b2 NATTRE 38 (1 W A5, AR AR R CHL A2 F
SR ILA A BT A, MO HEE NS
IR TE 4 CH B8 25 < P (Sorrel HIBoon 1994).
BB J5 A B FEUESE, RIS FE IR 8 A KA, 1Y)
A BRSSP AR RO CH,, RN Fy-5F 42 R

Ji HC 8K fe % K 21 CH 1) 30 7 B T (Kepplerds
2006). BRI ORI 2RSS B AR A 2RI ST AIE L T
R A (Wang®52007). 54k, 162 FhAEED B
BF, BnEK . SR AN 25, PR e
YICH, R (McLeod%52008; Vigano%:2008;
BruhnZ$2009, 2014; Messengerd:2009; Qaderifll
Reid 2009; Bloom%52010). Kt #EMMEY H & 7
PLP= A CH,, F HL AT B8 B2 PR 55 ol 1) — Fofe o7 40
FE.

B FUR B, R AT Re A A CH,
A& (McLeod%5$2008). Kepplerds(2008) LLA [FI
F AT IR B SRR Hh I AU R R T CHL 1) 25 4]
VR o HBAb, e R 5 M S 42 A5 A A ) 3 R
233 Bk 2 42 CH, (Vigano252008; Bruhn42009).
B FR Y], CHIE BRI AT e 2 AR B BE AL
B, PURTER EORAE T, R R AL s e fe g i 1
2 A, T K 982> CH B B T (M cLeod 4%
2008; Bruhn®$2009). fHELI4ER . FIAMBRAIA
JoT 2% S A N T RE R AR A RE T CHL I {E
AT (Althoff4:2010; WangZ52011).

AN B A0 G B 38 1 A A 7 AR ) 1 2
(reactive oxygen species, ROS), 7] §E 1S 5 Y14




1194 T A P )

N CH, 1) 7= 4= (Messenger45:2009; K1), HikiE &
P, e 5] ROSH B it i b B 4
I3 AR A CHL IR 64 R T~ (McLeod252008) . 3%
i (Bruhn%$2009) . %4248 54 (Vigano 5§
2008). WpHEH15(WangZ£2009). 9 J5 B 2 4L (Me-
Leod%52008) 17K 43 il (QaderifliReid 2009)%5: 34
BEfha 264 R, e KER MY I CH R i
T iR a RS SROSHIAA &, FILROSH fig
W AEY) = A CH, I A R -2 —(Keppler552009) .
ANi, BRI S, B AR 1A Y CHLAE B
AAREDN R
2 CH 2 5BENEMFMR
2.1 CH, MBI E N F ML

VER— RN 437, CHLLENFLBhAR i (1
AR F IEAE 52 BRI 2 1 G . Boros%6(2012)
R, RN AR R B E R SMECH,, REf%E—
TE TP b 2% i o i iR o P VR B RS 1 R RO,
Wb AR BRI AN AL B OK ST 45,
UEBHCH, /e s R4 b B — @ M1 Thie, ek
ARSREE A R TR AR SRR IR 1) KRR H PR A 3 77
HHTITEE N 2.5% 1) CH, RE % A 2040 il B S8 Ak P 1 =
A, R EAG BUAOE AR . CH, I 15 KR
fymiR-192-5pMmiR-335F: R ik, 2 5IHIrhE R
995 F R0 D) B0 A8 (Wud2015) . F i IO 38 S0,
B A CH, 14 A B 8 K ek a0 JEE A0 BT B 1t 5 98 v 931
i BA— B MR, R ELET AR
PO TR 2 VE R SZBLE, iR 38 5 CH,
(P FE I — s M AH G PE(Ye%52015; Chen%s
2016). WAk, CH IR RESR MR L5 W . B8 3 A0 2 0E
M 799 B A S 9E R (Roccarina%52010; SahakianZs
2010; Costello%2013),
2.2 CH fEEYIAEAE YR8 N R + A9 1E A

i — PR E K L AT DM ETR, B
THEEMABRNL . EOiEi. SH6IER. A
PREI 2t b e i 5 DA R % ol G ) P R T AT
5, AR E A KR B A AR e b R
# Z{E H (Yruela 2005; Burkhead%52009). {H &,
bR A S A A K S BT, 1
PR IR B AE A P BA A PR AR AR AR DA
MRS . SammatE(2017)EIL WAL, HAE
Pl 0 B A RE R, 438 RERH 15 S L N YR CH,

EE M, 4MEE H Bi 7K (methane-rich water,
MRW) fiil &b BEAY $2 15 YR CH, IR & i, 17 HL B2
AR AR 2R, 175 3 S A ) B AL B (superoxide
dismutase, SOD)FIHiIA ML i SE Ak W01 (ascorbate
peroxidase, APX)Z5 it g (1 AH OGBE R 3Rk, 4
=SOD. APX. i % LA M (catalase, CAT). Jd%
Y (peroxidase, POD)FIE #y i (45 a- & K T
R B-iE Ao B ) [ 3 14, AN T % fide Al 0 15 4 b9
FIFNH], IR RN AT B 5 CH,BEFRRHT AR 2. {2
HEVE R B PRI m P A AR A %

8 it Ae 75 5 A8 M9 RO R T CHL )
7= A2 (Zhu%52016), MRW Pl b 3 - B % 12 25 3 5
FUT 011, 035 22 M 28 0 M I i R R AR K
i, CH,i% R APX . PODAISODIE 4 LA S AH ML
L ARSI RERT I 21 25 %A -1 (heme oxygenase-1,
HO-1) [ #0177 2% J& Ib Wk (zine protoporphyrin,
ZnPP)JIT LT, 454 CH, HO-1 mRNA45 R,
$2/RHO-17] BE T 1 CHERA R, [F] CH,ILfE
HAHMNE T EENENE TR,

XS V2 ZE 1B PR T KT 5 A (2D 95 8”) Rl UK
s FRCZIY D)W, <ZD958° Wy (e iie
REWE LL ZIY 1= A B Z [ CH,, F A2 IR nl BE =&
CH, ™ A2 i) — Rl 4 K F AR CH B 4 5 CH,
ML Re, I A% 8 I B0 ROK HORE AR
R AU, D ROS A2, AT I 5 KT V5 12 [
i [ A6 71(Han%52017).,
2.3 CHEiZ YR EREE

IAERIBE AR Y], CHEAEIRIE A AR Al
REIIBE EHE M . AFIKERIMRWRT 3 RR iR
A EWRKEBRAAFRRENHFIR, EKER
A A 32 Ao O 7 7] 1 -5 2 418 2 HH 19 24 Y % (1-naphith-
ylphthalamic acid, NPA)Ab 2 B & 501l 5 AN 22 AR
(R A, AE 2 AT LUBE A ITMRW sl 5044 1 21 3% (HO- 1
(AR SR e 2 i@ b Ah, CHIL e 25
HO-1#E 58 LR H K, A 42 CsDNAJ-1
CsCDPK1/5. CsAUX22B/D-likef1CsCDC6ZEANE
MR AEFMRIERRE . FIAMRW K S 2N 68
W ZnPPHIH], $/~"HO-1/COE 5 R4 A RN T
CH,i% 3B IAMER AN ER K E . HE— 2
2 SE G IR R LS (Ca™ )5 5 At CH, AR 2 v
BRI A5 5 (Cuifs2015). Filr (AT FEILIESE, CH,
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755 5 AN E MR A A 7T E 2 FINOAYN 3(Qi%52017),
o BB — A R A B (nitric oxide synthase,
NOS) 1 8 H Al — [l 48 AL B (diamine oxidase, DAO)
Al REAENOI SRR, [KHCH, 5 3 A 8 M A A 1) 3%
AT LA S # SN OS FITD A O i 101 1] 71 NC - i
JE-L-HK5 % % FP S (VO-nitro-L-arginine methyl ester,
L-NAME)HIB-#2 Z Jf (B-hydroxyethylhydrazine,
B-HEH) fir #1], 111 H.CH, /55 S 2N 2= /054 5
NO/™ 5 1) 8 1 B B 3 5 18 1 (S- A B 40 A %, 1B
FeANTER AR E A,

ROS

ﬂl

A 4

3 CH5EMESSFHEE
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B E—EMHAE. B, EIREAENR KR
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CH, B I HO- 155 [P 3R -4 ey HL Bk, 1A
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Fig.2 The interaction between CH, and other signalling molecules in plants

B0 TI— e XN BEAREFRYHEA
J2 25 F ) 5 B RE DR A R (1 S L 4y, T B AR 2
filg, == BLAE FH A P R 75 4 it IR R 40 i P A% 3 A5 B
(Wang 2012), CHZEARTFA e X, (HZIEAH
TEAE S B AE S TR B, HErA s
RECH, R A E I 7 R HAR &2, Btk
AN 38 A 3 B AT 5 23 HRE e 1 AN R g K T
Fisio 54h, BT RS HFEMCHIKREBH T —
WAS 5 o> T IR BEYE B, B DA v Rt — ELAF
TE—E 51
4 RE

SRUNTTI=MEE P S s WL =LY E VAT e (e
A B, A3 LUR M R s Ay e (1) B 732 2L T

I A A 3 (gas chromatography, GC) il 5& t447)
CH, 17 A2, 1% 0772 b s S H AR 9 5, BRIk CH,,
() — 1 S RRHRET (1T K5 R I 1 Tl
[ i, CH, g s AR Ry 2% P2 AR 1848, DA CH, 2k
S A WRTRE T8 344 A1 R AH SC AL R AR ) 2 i UM
Bt PR R . (2) CHAY RN 2 FEE K&
HE5NOMCOME 54 B HAE, Wi/~ CH,/EZH i A
A BEAEAE 2 B0 A, (R AN 28 5 AR (B
AR AKE. O RS HRE. FER
SR R, BEATE A E AT 8] 2 L =2
FZ 50 EER. KEUATPERRREE. (3)
BANRILCH, 7 5 1 3 A E R &K A 5NOA F /1
S-AHFEALB A O, (H2& M A K IMCH, 2 5 Re %
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Methane: a new gaseous signalling molecule in plants?

ZHANG Yi-Hua', FANG Wei', CUI Wei-Ti', SUN Xue-Jun’, SHEN Wen-Biao'"’
'College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China; *Faculty of Naval Medicine, Second Military
Medicine University, Shanghai 200433, China

Abstract: Methane (CH,) is the most abundant reducing organic compounds in the atmosphere. Although it is
well known that fungi, animals and plants could produce and release CH,, its biological source(s) and physio-
logical functions are not fully elucidated. Recent results showed that CH, exhibited anti-inflammatory, anti-oxi-
dative and anti-apoptotic actions in animals. Besides, some recent results in plants revealed that CH, could not
only improve tolerance to abiotic stress, but also induce root morphogenesis. Above mechanism was at least
partially contributed to the regulation of target genes at transcriptional and post-translational levels. In this pa-
per, we provide a brief summary of new insight into CH, production and emission, biological roles and molecu-
lar mechanism. In addition, we propose that CH, may be a new gaseous signalling molecule in plants.
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