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Advances on effects of nitric oxide on resistances of plants to heavy metal stress
XTIA Haiwei, SHI Guoxin”“, HUANG Min, WU Juan

Jiangsu Key Laboratory of Biodiversity and Biotechnology , College of Life Science ,Nanjing Normal University , Nanjing 210023, China

Abstract: Heavy metal pollution has become an increasingly serious environmental problem because heavy metal can be
easily taken up by plants, leading to inhibition of plant growth and development. Hence, it is necessary to investigate
resistances of plants to heavy metal stress. As an important signaling molecule, nitric oxide (NO) is involved in the
regulation of multiple plant responses to a variety of abiotic and biotic stresses. Recently, an increasing number of articles
have reported the effects of NO on resistances of plants to heavy metal stress. However, studies which systematically
summarize the molecular mechanisms of NO on resistances of plants to heavy metal stress are quite limited. This research
mainly reviews the pathways of NO production, changes of endogenous NO contents under heavy metal stress and influences
of exogenous and endogenous NO on resistances to heavy metal stress. The sources of NO production in plants involve not
only enzymatic reaction pathways which include nitric oxide synthase (NOS) , nitrate reductase ( NR), nitrite reductase
(Ni-NOR) pathways and etc. but also non—enzymatic reaction pathways. Many authors have noted discrepant reports on the
effects of heavy metal stress on endogenous NO content in plants and the observed differences in endogenous NO
accumulation are frequently ascribed to the use of different duration of treatment, heavy metal concentrations, species and
genotypes of plants and varieties of plant tissues. Interestingly, all plant cell suspensions show a visible increase in
endogenous NO accumulation under heavy metal stress, which is attributed to the fact that they are lacking of network
regulation between cells and cells. Meanwhile, it has been demonstrated that exogenous NO could enhance antioxidant
defence system of plant cells, act as an antioxidant promoting direct scavenging of reactive oxygen species, induce

metallothioneins (MTs) gene expression by displacing heavy metal bound to MTs, and affect the uptake of heavy metal into
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plants and the distribution of heavy metal in plant cells though regulating the metabolism of cell wall composition,
consequently relieve heavy metal toxicity and enhance resistances of plants to heavy metal stress. However, the functional
roles of endogenous NO in regulating resistances of plants to heavy metal stress are controversial. Some research show that
endogenous NO is helpful for alleviating heavy metal-induced toxicity. On the contrary, some evidences indicate that
endogenous NO is harmful, and participates in heavy metal-induced cell toxicity and programmed cell death through
accelerating the absorption of heavy metal and S-nitrosylation of phytochelatins. These conflicting data suggest that NO may
have a dual effect on resistances to heavy metal stress, but great efforts are required in order to clarify this speculation.
Finally, interrelated perspectives are also discussed to further study the relationship between NO and resistances to heavy

metal stress.

Key Words: exogenous NO; endogenous NO; heavy metal stress; resistances

—H AR (Nitric Oxide, NO) Je—F " ZFF1E T LE MR N B KR PE RGP U/ Ny A5 S5 W B, 7EAE
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XL G A BUME T TS, © A KRR SCHRR W NO REAS I 7 AL %0 2 & s B e otk , (B NO fEAH ) 3 62
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1.1 BRSOk R
1.1.1 —% A ABE(NOS) &z

TESIYIAN ,NO T2l NOS LA L4528 1% .0, % NADPH M i ¥ AL T i, FAD . FMN | IfiL 1. % | P4 4 it
fit .Ca™/CaM il Zn> 4 NOS fU4H2E") , EREYI IR N AT I NOS, Neill 257 & BUAE Y AEU%E 1T A Ak LK
SR BN R =5 NO I Hah# NOS #li5] L-g 5k 200 H B ( L-NAME ) A5 il 1 R I+ NOS 7645+
> NO A=A AN AT E AR A SN B S AR 25 e U R A% 40 i o i S Ak B A A
2 (B AR 1] T NOS fh bk, SRTIHIY NOS 93 PURI 3 11581 5 sh A H1 0 F AR MR, el 2 30 A0 4k s
( Ostreococcus tauri) [ NOS 25 FFAI O 4w 48 02 ok, 45 SR 5 317 NOS & HIFFIUA 45% AL,
T LS MR 55 30 1 2 o7 DI 0 v A AR AL 5 4D Guo 25 & BRI EE IF P AINOST 56 PR g 1 114 26 19 15 i 24
F1 25 NO A B E A HEUT S, HiX—& F 5 308 A 3 NOS 8 ¥ 51 8A HRREE S IF HLARSNE 41 )
AINOST WA NOS 1E Y 52k | AINOST 2 —Fl GTPase Tii A& NOS, FHfifir 4% 4 AINOATN 3% & (]
RES GLRR AR 0 A= 9 A R LA B B B e bt B P 2 5 NO A
1.1.2  fiBRA JF A ( NR) AV AH FR A B ( Ni-NOR) #5458

TERYIR MR T NOS 348 LAZS , 4 A J5T (14 i R 0 Jirt it ( NR) AR 5 A 1 JBi S IV i PR 38 Ji 8 ( Ni-NOR)
W25 NO 4E B, NR F1 Ni-NOR A NAD(P) H A Ay HF AR 4 7348 Ji 5 K S AR R £ ( NO; ) 38 S AE B NO
ELTEZ R RS T NR A3 PE, Qe K ) H 28 e Bk AR Stwohr SFTEAR AR R eSS
T Ni-NOR BARHFEAE
1.1.3  HAbBgE iR

SO PR NS AL A S 5 NO B2 A4, AR i Ak i | B s S TL i ( XOR ) LA K #5122
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W fid U (XDH) ) 4l (3 P450 4
1.2 ARMEE Rt

FEPIPR PN I8 AT i AR RO S R AR R NO, N2l % N R AL T LU AL NOS FefLm NO™* | 53 SME R
Pl AT, BTAMA BRI E A T B S DK WA R IR J50R NOMT . S 81 BiF 5k & L RE RS 18
NO fiy=HE

2 ESEMETEYEANNIENO SEHNEL

A BT A AR NO & A kA WE AR, SR IR NO & &2 197 T B A A 22 1 5% 1)

1100 wmol/L fI4H (Cu) 8 (Cd) ¥ (Zn) G IWIALFE 24 h LIS, B AR AT NO &8 T+ i 100
pmol/L Y Cu Cd Zn KIIALHE 14 d UG , B E AR PIAYPI TR NO S R | U W 5 4 i b RS ] A9 S ik

SCIRAE YA P IR NO S ARk,

Leterier 25 FH /N [ FE AU R ( As) XTHIRE FFALER 7 d LU B, Sk E/NT 250 wmol/L B, ARG TFAR Y
B NO A G, 2 2= 7E 250 pmol/L B H 3K T B 5 17 Ak BE B 43 500 wmol/L B, LRI T 4R A 1) NO
B KRN, IF BLAE 500 wmol/L BAFIHR A ™, WML PR N IR NO & A28 (b 5 5 4 A e A o

100 wmol/L ) Cd 4B 24 h DU , K FEMR PIAY NO & N RS e [FREAR) 100 wmol/L Y Cd Ab#E 24 h
DAJG i FARPI A NO HIBEIN" 5 5340, Chen S FEWF 58 K22 1 W Fh L K A weishuobuzhi Hl dongl7 XF 5 pumol/L
f Cd JHipae 5 7 st 22 B, AR L R R 2 PR IS G NO & A8 A AN [, e rf weishuobuzhi K 22 4R 4 ) NO 45
TEER 1 KB BN B KA, 11 B A A 3RS ] A ZE G, NO 3 VB R [ I Cd B5UER Y dong 17 U KA AR N NO
FEALES 10 KikBIE K, 7340, weishuobuzhi 1 dong17 M AY NO A 1 Rk R AP ) ek B
W &m0 N AR I PR NO 5 18 1728 A 55 R 0 A b 2 LA R 5 DR PR R ) AL B RUAT G

JUE R M UE AR Y 75 4 8 haa T N NO 75 i iR (b AZ A Y Fh 2 55 3L DR 8 | o 4 g ke B LA R b 7
R [71) 465 DX 22 A5 ), AR T AR A0 B PP AN 5, T4 R e LN NO S i B A I B — B
JEL PR AT R AR A A T 0 L e 400 -5 4 i =2 ) ) ) 4% 3R 3

3 SMENO EEEY N ESEMEIE

3.1 HME NO 28 54 JR XA A s i S AL

I PES (ROS) AR B (10,) VAN T (0,7) A S (H,0,) J2AHIE(-OH) %, TEIEHE
Kb B A A 2774 ROS 25 4 BRI, oA Ve FRINE I AR 0 SR nT e 40 45 5 4 s W8 78 N 1Y
Joir i ST AR AN 23 7 Al i Y ROS, i AT W 8, DTG 5 35O B o Ak, B P AR 1 DL & DNA
RNA B 55 MDA A — R0 PR RGBS A U BR ROS, HiA L R G i bt A AL, W
ALY AL (SOD) (it A AL (POD) (i %A Ul ( CAT) Brdhim g it Sk Wil ( APX) A b H IR 4
LI (GPX) DLRA B T RRIE S5 8 (GR) %5 i LS HT A ALR /N3 F 0 HT IR L AR ( ASA) (47 bt H K (GSH) (i
IR (Pro) MIZSHHEE K (Car) 251 STAERMIIT KL M (PAs) WE TH A, REWS A R ROS™

— MR NO REMS IR BRI AN bt E AL R 4t , B HOB BR ROS FURE T, DI % fift 2 4 s XA 400 400 i s
B A MR NO BERSHE SRR T8 77 4 I P A AL B R B2 SOD 13 il Cd 5% 2B/ 0, Al
H,0, it S F B #8570 SOD \CAT Al POD 36, Il id 5 Cu i AL e s Bk Fa i A ik
fiti CAT .GR .POD F1 SOD FiH ¥, I Cd 35509 ASA I GSH & &0 THE , i3 K A5 XF Cd a4t
PESST B H 260 AY SOD  CAT APX (GPX Fll GR 1% LA K GSH & hE, 28/ Cd X 1) H %% 3¢k B A4 S84k
4 AR ER CAT APX FI GPX BITHTELL K Pro & AR (Ni) SRS I A AL a7 4R/ AS R Hi A AL
fitt SOD ,CAT POD APX F1 GR %1%, ZZ il 5 Cu & ALAY O, F1 H,0,FR R LUK BERE 1 S Ak, IR R A 4 i
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FET- R Xu R BE Cd AT, BT NE GSH Fl Pro &8 #0 F &, M AMNE NO ZbHAE % 2 5 AN Pro
M GSH M B IEIH Cd B S E TR AN KA Ca™ M2k, 8 Cd X E 75 1 iy Ak 3007 #F 9k
KHAMR NO BESS L T B 7 PAs fCIEE LS Pro fCITEES MERS N PAs Al Pro &™) 1 Cd it R/
FHARPIIREHE (Spd ) FUKE I (Spm) A& 1) I HLIMSR MRS ok- S-FR R & Wi ( PSCS) BTG M, B4 Cu Wit F
KB Pro AIA ALY L LT L, AME NO RERSHE SR MR PN AP A AL 2R G0, I 8 225 48 A1 B 4 XA 40 1
R BASRAE Y X E 4w e APt

F3—J7 T, NO RERS ELHEATE R ROS, W3 Wil 5 4 J8 1510 ROS (AR 2R | DI 28 fiff 75 4 Ja X R0 1 1 1) 41
e, AR NO BESIN /> Cd 15T 1) H,0, FIRSEAG &L Ak = Wi [ (MDA ) IR 2, 22 Cd X /INZZ MR
TR IE | FRRHE Cd 1755 03T 8 AL RS SOD . CAT .GPX 1 GR Z5 TR ML FHE Y S Re s3] As i K7
RN 0,7 H,0, M1 MDA (R 2 1L K B E AL SOD . CAT . APX FI GPX {H ¥y FH i ™) fefig 306 445 4% ( Mn) W
SRR GSH F1 ASA & 19 T R L) T AL SOD  CAT ,APX .GPX 1 GR 1& M7+, JF 02> Mn
VS H, 0, AR SN SRR i S A0 A B R QL B 22 R S B ) ( TBARS) KB T 5 iR REAS i 5% Cd
7 SRR PUE LR SOD . CAT APX .GPX 1 GR 36 PE A9 T LA & ASA F1 GSH & (1) F [, R4 H,0, 1)
P I R R P I AR A, 2 Cd X K R I S8 A e % LB & BRI AR NO BES B IR IR 4R
FES ROS AR Z | JE A T RERE NO ERS T35 0,7 45 AR it S E iR £k (ONOO™) ™) il ONOO™ X 5l
WA A W K B PR A P 40 M A R A B 2 AR, OF H ONOO™ M RERE 5 H, 0,41 BLAE ™= 4: NO;
10,7 IHIE NO BERS5 ROS FL#E4E &, M/ 4 8 5 310 ROS s 4t 5540, & mhn
FEPIR I BT AL R G2 1 BE T R4 2 P O 3 4 T e 5 5 7= Ak T R 1 ROS, T ROS REA% & W rs bt
LB TEY | AN NO 2 PP AL R GoRE H R R AT BB NO BERS B H:TEBR ROS, fiff ROS /K-FK
R REAS , T T B ek RGERE S T

4R 1 ( Metallothioneins, MTs) J&—F/Nr R & KA S REAEN, Bt 5 TSR
GEATE T SRR AW, TR S 2 T 4 R AR R A T e B ZEsh i ania vh | G 0 92 % BRLE
IR AN NO IR V-PYRRO/NO, BEfE IR 38 58 MTs JE PR A4 2638, VRS Cd AR5k | 358 55 1 40 Bt %o
Cd A P e ™ AT R NO fEfS ER it 5 MTs 45 A B 48 IF BB B 4 )8 RES E— (e it
MTs FER A5 fER P4 it v o] BE A7 e LA AL, Wang 25058 & BLAME NO REUSHE R MTs A9 75 &
IR T AT Cu W3a WPTYE 1 X MTs BEUBH 2 i 75, AN NO AN AR BH (2 Hb 384 5% 35 0 X Cu JB 38 A9 Bt
M, B MTs 764~ NO & f 4@ it e = m BRI,
3.2 AMIE NO SZMAE Y% 4 T W A K T 4 T AR A AR DY 18 3 A

WF5E R ILAME NO RENE 52 W AR P % 75 4 J (W, DA I8 1 AL %o 2 4 Ja it i btk . sl NO fgfs
WA E AR Cd AW s N RN S Zn AR RS S A X R (AL R E A RS
TSN NO % 55 4 I e A4S 230 s A 0t 8 42 e el ansE NO 2B fiff it i Cu Xit/INZZ R
R IEIVER , F FLE 3458 SOD M CAT BTG PEZR Ml i Cu XF /N2 s 9 AL 138, SR TSI NO JF:
ARREMH/INZE R FXF Cu AR s SN NO REMSZE fiftad & Cu P A S A 75 FVE T, (HIF AR fE B PR IR
SHRANEXT Cu BT s SRR NO SLAHE M- 4h ( SNP ) Ab P BERS 22 /it A% ( Ph) XHUL R IR (08 3 | (H R g /b 4
BFXT Ph AR R Xu SEAEMF ST T R B, X Cd B B AR A A 2R, Cd it REAS A T B A A KA
il P2 RE H,0, B R BB RAR ) 5E 86 Mk, a8 in AR IR A NO HEA ST Al 3 45 b6 H K ( GSNO ) RE 8384558 SOD A
CAT FYTEHE, 38 Pro &, 931 H,0, AR 2R, $E R Ay S8 2 Mk, MR Cd Xt 28 A0 2 %, JF HLAS N NO 75
B3 c-PTIO JERERSINE Cd X 32 B #EE MR, X LB /MNE NO RERSZE MR Cd Wit Xt B 28 i i1, 15 T
SEXF Cd WA BPTE . (A% — 5 RN NO W F c-PTIO BEBSHE /b e 28 %t Cd A MR I, 7R M Y NO fikfA
GSNO BEfEHE Nz 255t Cd AYMRMC, BEHA NO f ik 25 AR X Cd MMl | sX B 98 5 /R T MR NO 7l BB A7
AR IOE R T ML R Y T 4 e R AR P R A
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T FE 45 Ja Joh A, R AR M AT — ZR A A B AL ], LA R s/ o 4 Jas T B A 3 3, L rP A e
T 43 JaR MW P B — TR, 0 L X R ) B 4 T B SR Y ST R M AK R 40 IR AL 80%—
85% 43 A1 AE LM MLRE | TATAT A0 BEL 1 AL S A KR 200 6L F 240 e P b 4 Jis 7 AL 00 4 i B (1) LRI — o
T EZMESRIIUEILG  LPUER 20483 MR 5 40 M BE 19 T2 222 s o, WE 58 e BIAMIR NO BERE
R AL 0 L 0 P S AR, AR IR B2 1 NO B A SNP BB A5 345 25 A AR P A L BE 27 A 32 14 A 7, 384 m
b O AR AR SO, T VR BE 1 NO 2 AR R ARCRT 5 3 AN NO RESS IS M HE BY -2 B TE 40
PR ML RE SRR P2 2 ZORNEF 2 3 7 RS R T A NO AT R Jek 18 AT 2 B B A A3
T I8 A 400 200 L %o 6 s I AP . SEBR |, Xiong SFIIESE T 7E Cd W3l R, AN NO BESE 1S I 7K R R 4
Y200 L RIS AR~ 21 4 22 A0 5 i A Cd 7R AR ZE A M BE R A BR 2R ek Cd AR R RTVE PR TR A
MR R X Cd W3t TP ™ s Zhang S5 % BAMIR NO REREIEFE AL JWhIe 155 14 /K Ref AR 200 i 40 L R 2 g
FIEF 4 225 B B I, O H R 35 PR AL ZE/K RS AR S FIK R 4 40 B v G AR R TR D AL 30 375 5 Y
AR AR AR RS A, 35K R T AL R E TP ™ 5 53 MM NO REAZ R AR /INA2 0 8 2 AR 4 i 240 it
BEXT AL B9 B 15 AL e it ™ B BRI SMNE NO S8 8 4 & lhitt | (RN sl /0 hl 0 %o 0 4 11
Wenl BEJE R DA SME NO BERE TR 1y R A0 M AN 0 BE 1l -, e 2E 1 B < Jes A A IO BE A 201, DD 1 A 4 D ml i
SIS B o3 AR AR B IR R T B0 T SR B T B DR R A A A B R T AL

4 WENO ZHFVEYMESEMERE

JUAE K B9 3 ARV B (R AR NO RERS 2% A T 4 1D 28 T AE A s il 1) 493 5, 338 5 AL 40 o) o 4 J 3
FIBTHE BRI PR NO 76 15 R4 5 4 8 W aa fo ik - i T RE M A AF e i, A BF9E 2 BLN TR NO J2F 2%
(), BE A% 2% i 42 TR A 15 S A3, 20 Tian 25 % 30 AL 138 BEAS IR/ JER SR N I N TR NO &5, IF ELIm 1
FERFER A TN NO RO SNP RERS 2% fif Al X AR B (R J0 361, 1 NO 5 BR 7 c-PTIO \NOS #1457 L-
NAME P4 K NR il 5183 R £ ( Tungstate ) EVRESSINE AL A9 HI7E FH E& 0 2N NO AOZZfAVE R, 2 W 9 TR
NO AEBSIE HEMR A, B850 A1 Bt BorE ™) ; Qiu SR 9 & B A ol b B i 06 12 155 /N 22 ST A AL i SOD , POD
CAT ., APX .GPX H1 GR %M LA}z GSH  ASA Fl Car & &, St Cd i3l X /NE2 By 8 A 405 % T NO V5 BR 1 c-
PTIO W BB 338 55 1l i 28 i 3ICR , 2B IN TR NO BERE I i/ N2 IR N T AL R G2, S 5100 s A ) % 1 4
JE WA A BTPE R 5 Talukdar %5 & BLP IR NO 54N NO #REZR M As X 3 151 AR A4 AR K 3l Fn 20Tk it
HESRSEL As A PTHE " S A U & B, RIAMIE NO 5 PN NO #BRENE 2% 1 Cd 755 (0 K i 410
b, B SE Cd B o™,

SRINT ST AF AL A BFE R BAE D A N R NO 2 H 1, S 5B 4R 752005 ROV A0 gd it /&
1100 wmol/L Cd REMZ & 25 10 il /N2 ARG I+ AR A AE <, AR N NO 5 BR 7 ¢-PTIO # RE 12 52 fiff 33 F 1) il £
L ZWINIE NO 215 Cd 7 S/ MR IFAR 9 A2 KA #7100 wmol/L 80 150 wmol/L [ Cd fEf
S NO B A, IS B R T B TR AN T, AR I NOS #I il 77) L-NMMA LAJ5 , fb 25 400 il JH 40 i 07
T2 WSS & BN NO W& BRI o-PTIO fEMSI8/> Cd i T2 4R 10 0,7 Al H,0, I FLE /b P 2 SR 41 iR
X Cd N, I B Cd i SR A AU T 5 150 pmol/ L Cd BE S S M0 R VF A0 I 7 A R Y
NO, I H i S0 WA 4R T, 1 NOS #il57] L-NAME F1 NO %557 c-PTIO REA% /DM HE 40 o X5 Cd Bk
I H o R s B A AR A T X e R R R SR M N MR R NO A E R H S
SEARBIFESNEERYMAMET . B4h,30 pmol/L Cd REMSAE HELIETIF NI NO 14 i Bl HLARE i
Cd 7ERURE TR A R AR R, AT ik 275 S 40U s AR A AR KA A1, i 45 m NOS #1461l 71 L-NAME LU, BUEg I
AR Cd Kk, W M 1T Cd it i S (AR A A M, 00 Cd a2 i IR NO 24 &
B AP R IR R T Cd A, AR HE Cd XHBL R I 20 M e il i e ) ; caspase- 3 J&—FF 2 I & R 2K
it , e A R T A R v e SR A AR BT VI, 7R R T PR A AN TR IR, WF9E 2 B 100 pmol/L Cd 5
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5 NO YRR, B WAL IT caspase-3 BTG TE , AT i75 S U FE 7 40 MU T, T V3 11 NO W5 B 71 o-PTIO
fE% W E T caspase-3 BOTETE A AN T, R IR NO 25 Cd S BIm IF R dnpa g Tad f2, 2A 1
Wit —AE B T IR NO 2 A EWN S 5E SR A TEE RN M-S 7,

T E A 2 (Phytochelatins, PCs) f&—Ff B2 2R | A 2R A1 H SR A1) & i 2 A 2 1K, GSH 2 4E
WIEE A R AT, TR B A R A AL A B B A R MY B S RN S5 AN E SR T
EA P A IR S AR R N, DT ek 8 B 4 0 A B rh v P ) B R R, B A ) ) 4 W aE A BT
P NO RERSHEUE y-ecs Tl gshs LRI, IS IINE TE MR GSH A& &%) il GSH A B & R 19T
A, PR T DAEWT H NO -t i AR AR S & A0 Al (B3 SRR Wt , 7 100 pumol/L 1 150 pmol/L Cd 1
BT R BTN P AR A R A e KR TS, A i NOS #0471 L-NAME J& , 2 A 2 5 it —
Tt R NIE NO IR Y2 A R S TE , #E— R LR BUE A Cd AR NO BB T s
TS HAAE ] S G R R ERR 3R 2 ( Cys) 455 T2 B NO-PC, \NO-PC, Fl NO-PC,, NI 55 4LAEYI 2 & =
XF Cd BIREEVERT AR E R R T B IR NI A 4 T | Elviri Z5BIES2 T NO SIS 210 s— M Sk 2%
AT AL, TR NO BES RIS A R s- WA FR Ak, ok 55k 4 28 A 200 T 4 3 o e R Zh e, A
PE 4 JE XY B E

5 IRREE

S E N ARG NO 78 75 R0 4 e oty T A T R (R NO I ELARE LA 98 RS2
RIEHE , BEBUCRAAH A ST R Z N8 LA R JLAS 1 A TAE

(1) B NO 5HAMMFS /340 Ca® FEFIR (JA) JKBIR (SA) ML (ET) FEAETER 28 AT, 5%
R HALR 50 F RS H5HHY E SR PRa ™ 5 NO il fg 5 HALE 5 2 F L 7 /E F Sk JE 5 M
HEEPHaBTrE, BN NO 5 {E 550 158 ORI 2

(2) finaExE NO #UARAFRIRFSE . NO MEN—F 5550, 68K o I BE AR 40 11T A 4EAVE 1 NO I
S A FAR A T I R AR 0 4 I8 e AT, DR T NO SRR SRR 2 L,

(3) fnagExE U NO YEFIMLEI AR, EAEMRA T, PR NO XHE %) 5 4 Ja Maa f Pk e 25 oy d 21
YER, IF BT 2 BN IR NO X 8 42 J@ Jhikae HoAg SRR T, BRI UL IR NO 75 5 4 s ik Ho bk - Bk R Dh e £
(SR ERER TN
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Abstract; Benthic invertebrate refers to aquatic animals living at the bottom of water in the all or part of life history. As an
important component in river ecosystem, it is also an indispensable connection link in energy flow and matter cycle. Benthic
invertebrates are characterized by long life cycle, slow action, broad range of types and large body size, which are
convenient for collection and observation. The distribution, abundance and diversity of benthic invertebrate can convey
information of environmental pollution. Some groups display strong resistance against severe environment, while other groups
are sensitive to changes in environmental conditions. The characteristics of benthic invertebrate reflect the health state of
river ecosystem. Benthic invertebrate is one type of significant indicator organisms in river health assessment. At present,
many scholars mainly focused on river health assessment and the effects of a few environmental factors on benthic
invertebrate community structure. The effects of environment factors on community structure of benthic invertebrate are very
complex: there are numerous environment factors and the effects of different environment factors on different benthic
invertebrate groups are not completely the same. This article discusses the influences of environment factors including

physical factors ( bottom sediment, water temperature, water depth, water current, etc.), chemical factors ( dissolved
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oxygen, total phosphorous, total nitrogen, etc.), biological factors ( aquatic plants, competition and predation ),
anthropogenic disturbance and other combined factors on community structure of benthic invertebrate. Different environment
factors impose different impacts on benthic invertebrates. Bottom sediment is an essential condition for all life activities
including growth, reproduction, etc. Any species has the strict living temperature range. Community structure of benthic
invertebrate is directly influenced by the fluctuation of temperature. Water depth is one of major environment factors of
community structure of benthic invertebrate. In general, the density and biomass of benthic invertebrate continuously vary
with water depth. Water flow not only affects feed conditions of benthic invertebrate, rivers productivity, competition among
species and within species, larval living places, but also has significant impacts on the community structure of river. Flow
velocity determines the composition of benthic invertebrate community. Altitude determines the changes of temperature , light
and other environment factors and indirectly affects the community structure of benthic invertebrate. Water chemical factors
are closely related to community structure of benthic invertebrate. Aquatic plants provide excellent habitat fields for
propagation, feeding and living for benthic invertebrate. Benthic invertebrates are affected by both competition and
predation ; excessive competition and predation often result in the reduction in species diversity, secondary productivity and
feeding conditions as well as the changes in community structure of benthic invertebrate. Anthropogenic disturbance (such
as power plant construction, thermal discharge and urbanization) is mainly response for the changes of the community
structure of benthic invertebrate. The effects of water flow, water velocity, altitude and flood on community structure of

benthic invertebrate are seldom reported. These environment factors should be perfected and investigated in the future.

Key Words: benthic invertebrate; environment factors; community structure
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Abstract: As the uppermost behavioral pattern, the livelihood drives the human-earth system evolution. Therefore, it is the
present research hotspot of the human-earth system science to study the interrelationship between human livelihood and eco-
environment, livelihood analysis have atiracted increasing interests as a new perception on explaining and solving the eco-
environment problems in the eco-fragile region. In order to comprehensively understand research status of the relationship
between the peasant’s livelihood and eco-environment, the paper firstly analyzes the key driving factors for the farmer’s
livelihood transformation based on the sustainable livelihood analysis framework provided by the UK's Department for
International Development ( DFID).Then, the paper founds out the analytical framework of the ecological effect of the
peasant’s livelihood transformation, teases out the main research fields about impact of the peasant’ s livelihood
transformation on eco-environment in recent years, the main research fields include impact of the peasant’s livelihood
transformation on the arable land utilization model and the rural residential land model, the impact on the rural life energy
consumption model and on ecological restoration. Finally, the paper points out that the research on the relationship between
the farmer’s livelihood and eco-environment in the future should pay close attention to several questions which include the
farmer’s livelihood evolution rule and its regulatory mechanism, the mechanism of the farmer’s livelihood transition on eco-
environment, evaluation and monitoring the ecological effect of the farmer’s livelihood transition and the sustainable

livelihood mode establishment.
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Fig.1 The analysis framework of ecological effect of the Peasant’s Livelihood Transformation
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3.2 A AT RO AR S IR B4 AL D5

RS ARSI Y OC R — ARSI RPIRAE HIOC AR ISR P A T U A A5 A8 (1 S M A2 A 5E
M BIL ] 0 e T B D) — S SBR[, KT, HRTAIT 5 22 LA L M T RE ISR Dy vh A S P o A e
AT TG A 25 PRSI, oA P A -5 A 258 22 ) 19 22 T R A5 50 AR i 2 R S BB4UL, XA P AR T IR AR
SPEERIE A S AR LE G A 2 iin RGERY T, AT RIS AR AR O AR [ B e iy Bt i 1ot
SR AR A T T R A S PR A (R AL, T 24 A T 5 2 S BRI T B - R R G vh 25 B8R 3 At
o BRI ERIRER . ARRBETE R, RORE AR AR TS AR SRR R R A R e b, SHOHT R A
R, ARG AT AR G A S IR 2 (] B IR OC 2 IR A P A T R A A5 ABE A9V A2 SR s, 5F
X AR TR AR AP YOG R A TR S T
3.3 A AT AR 2SR A S

FURIRS A AR T R ) A 258 SRS 18 R A T T | A T4 1 i) 4 BRb e AT 1 — 26 )20 i 1 i 2
IR A R YA A RO T IS PG T3 vk A 588 A BT A P AT AL i A AR TR R
BB PSS R ATRA T A BTN ASRRE SR REZME SRME S LRNARES
AR, 5 LA IR GIS TR AR B Fh 2 AR, Xof SR A 25 e 555 DA J AR X A 25
PR MR AT R I, S AR AT 5 R SR A i Bl A5 B 5 75 BT R AP AR TG B B0 A 2SR 2
BB SPGB TEPIAS T A 25 I8 A A 5 X A A S PR IR A R A= 2 R TS5 S DI RE , iE 2
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U2 AR A P A TR B AR PSR P AR TR AR SR SRS RGBS S I RERS i R T S Al
JULERS Moy B TP AR AL — R B S BABERY  M T 55 0 M A0 S 25 A R0 A 7 A e B ) A 22800 A2 A A8
T [P, I — 2D B A SR AR A AR A, PR e S Tl Aeks 5 EA P A2 iRy
ARIE I BRI AR ASERBE = AR S, XA T 5 G TE |
3.4 RpPETTRRZET A

A A7 AR AR AR, BT RIE S — o (A S RS Ak 2 5 R SCAR AR IS R S BR
b A PR B A D 2R R BT AR PR ) — M SO e B, T P LU AR A F AR5 S SR T 220790,
DRl B TN [ X B AR M R A 0 S 2 SO 37 IR AT M s (0 Y P Rp e 2R 1 O 5, il 7 7
S AR A IR 5 SO S R, R ATE AR5 SO 19 A TR A AT B T 5 B A TR
LA A A J v [ SR AR M X 2 B S ) A AR S OR il 5 7 e e JL o ST S T Rp e A 31073, X
AR RN B R TE B B BRI, R A VIR 227K . ARSRBIFTE i, AL 2 A 2 A P i 2R
R, FE G IRA S MM SR VRORRIAT Ay RS, B B e 4 A P 7R R A T SRS e P O A D D A 7 9 4%
PR THAT B E I O B AR R E PR E N 45 2 Y SR ST AR S BB A A E XA HEA
BREGBLBORAERFAETHE I T — A LACRY AR R XA 1 AR A By T P P A AU 7T

4 ZHiE

UTAESR ATV A WU RIS 4 Ji v I SRt DX i 23 IR PR SRE DR AP | 1 SR W T e R P B — il
A, IR T At i 2 O, AR Z Se B A R BRI T AT AR A OB I [ 5T
PR R AR A IR IAT A SIZ A SBUEB REARNR L, R, R A THER L 2R
AT R SR AR P A JXURS: 5 ek R B D, B R X 0 9 ¢ R ) TR B, AT (R A 25 21 H iy, R
B B AT TR AR S OVT I TP 25T B A R G IR B R E R EA IR, 0 T e Rk
FUAE TR R B0 A AR S S0, 5 B WA 7 AR TG T AR S B BIL ) LA A e B AR 25 BRSO FH AL , 55 20
FI A AR AL S A LB RN 35 R A P TR A TH I S A b AR SR B R AP | F AR R VR B R FH AH
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Advances in molecular ecology of the oil-rich microalga Botryococcus braunii
MA Lifang, LIU Junzhi, LIU Xinying, WANG Zhiping“ , CHEN Ziyuan

Key Laboratory of Chinese Ministry of Agriculture for Nuclear-Agricultural Sciences , Institute of Nuclear—Agriculture Sciences of Zhejiang University , Hangzhou

310029, China

Abstract ;. Molecular ecology is defined as a science that studies interactions between life system and environmental system,
as well as the corresponding molecular mechanisms. By combining macro and micro aspects, molecular ecology could reflect
the nature of ecological phenomena. The green microalga Botryococcus braunii is well known for its ability to accumulate
large amounts of hydrocarbon, and it is attractive as a potential resource for renewable biofuel production. This review, on
the base of briefly introducing the physio-ecological characteristics of B. braunii concerning morphology and chemical race,
mainly addresses the up-to-date achievements of molecular ecology including molecular phylogeny and its relationship with
chemical race, genome size and original geographical position. Morphologically, B. braunii is characterised by a botryoid
organization of individual pyriform-shaped cells, held together by a refringent matrix containing lipids. In classical taxonomy
mainly referring to morphology structures, it is difficult to identify whether B. braunii is a member of Chlorophyta or
Xanthophyta, Recently, the molecular phylogenetic results based on 18S rRNA analysis clarified that this alga belongs to
Trebouxiophyceae ( Chlorophyta). According to the differences of the produced hydrocarbon, at least three chemical races of
B. braunii could be identified, respectively named as Race A, B and L. Race A produces essentially odd-numbered n-

alkadiene and triene hydrocarbons from C,; to C,;; race B produces triterpenoid hydrocarbons ( C H,, _,,, n=30—37),

E&TE  FREASHAT R ) BHIFE I (201103007 ) 5 [ 5K i HARBF 58 & R (863) X (201244050101 ) 5 M5 H KRR & T H
(10975118) ; WiiT A B+ 4T H (J20110445, D20130018)

175 B H#5:2013-08-23; % £& tH kit B 81 :2014-05-30
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including C,,—C,,botryococcenes and C,,—C,, methylated squalenes; by contrast, the hydrocarbon product of the race L
involves one single C,; tetraterpenoid hydrocarbon, lycopadiene. In addition, the molecular phylogenetic analyses of B.
braunii based on 18S rRNA gene sequences shows high consistency between the established phylogeny and the chemical
races; meanwhile, there seems to be some correspondence between the alga evolutionary relationship and the hydrocarbon
products. On the genomic level, the genome size is similar in race B (166.2Mb) and race A (166.0Mb) which are in far
evolutionary relationships, whereas it exists significant differences between race B and race L. (211.3Mb) which are from
the same cluster. The significance of this discrepancy in terms of how these chemical races diverged is not clear at this time.
Moreover, genetic relationship of this alga strain originally isolated from different geographical locations is established by
molecular phylogenetic analysis, indicating both high genetic diversity in alga strains and high genetic polymorphism in
DNA segments. To conclude, this review discusses some deficiency in the present research and suggests several critical
issues that need further study. For instance, the genome and proteome of B. braunii to reconstruct main metabolic pathways
which are responsible for lipid production should be sequenced. These finding will definitely aid in directly clarifying the
molecular mechanisms of ecological phenomena, thus benefit both the theory development in molecular ecology and the

practice process for alga-oil production.

Key Words: Botryococcus braunii; morphology; chemical race; molecular ecology; molecular phylogenetics

A7 BRI %) 3 ( Botryococcus braunii ) PRIEENG BT & & @5 A 5 F#AEH S 0] Rl CO, 66 P IR 3, o B
FRIFR WS REIR s 2 — " A WA BT BUY SR | AR VE S SR SRR, | A R SR
WRAEARI = > L BRI R T2 R S TR SRS [ T A2/ 8 25 5, — T itk 43 A B AT L
3B SR, F T A A A AT SRR AR AR 0 S 5 Z IR B T R A A &
B B 22 M 28 2 B A I 4 R TR AR AR BORME I 54N

B o> FLEW A SRS BB ML R,/ F AR RGE T E P oy F A2 N Ay 7R 2%
(4 S BRI 5 0, fi A A5 I AR WU RRAE IR A B A A P 5 2B 0055 P 43 LA Bk 26 53 5 ISR AR LA
FHEIHLR 38 107 L 22 045 B0 55 2 205 45 1) £ 3 S WP 25 R 6 PP A I R R R PR ) DG R A 1S4k
ARG HE 2SS TE B 7 A B 4 e ) 0 R v 3545 2Rk I R GE T AL 55 07 TR AN W & e P IS 77—
BR . A SCHE TR IR AT W 2 I 87 S AL A MR E O BE At b | 3 B 40 o) 7 A A 2 WIE ST 0 dee b i i, I %)
A JE TG APk RS BFFE sl ) AT R S R B

1 HEEENEEESSNE

1.1 BRI

A B 25— P BN M S T, )32 o0 A T LR B R A (R K R BB A K g e
HM RB A2 FEAE R A RO K 7—13 pm, 58 5—9 pm, HA — DR A AR ok TER
R s BE T HMEE B ST R 0T, 45 PR S SR SR AR AR 5 Y PR TR IR K 8 AR K — e H A SR
N A B %5 3 5 A %% 3 ] ( Chlorophyta ) MY ASAE M SR8 T4 i 1T, 4% 3% 20 ( Chlorophyceae ) | £k 3k i H
( Chlorococcales) %5 ¥ B ( Botryococcaceae ) , 1] % 1 J& ( Botryococcus ) 7 "2, i AR 5 H: 5 A 01 3 3 o 110) 45
A I R FNBRENC P Smith '™ A5 HEUCKE LI A #5392 17] ( Xanthophyta ) | 2% 94X ( Xanthophyeeae ) . 7 [ i 4
BERPIE S G AALTEA [k Z A7 AE 22 57 , BV (] — SR A AN TR 55 30 S5 R A AR KB Bt A e AN [ fh T A3
BRI S (O T S 2540 B SZ IR B pH G BREE R BT AR PRI e 71 (A5 DATE 25 2 R JL Atk (14 28 By 2 M T
VERIMERE I AN, B Y 45 R A 5 5 41, DRI, 28 L5328 27 0 AT B A 2 i e b (9 3 28 S0 AP EARCR
JRBR T B AEEA oy AR A VRANH R BRI 2
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1.2 fb2Efh 2t OHARE

FRAE R 2 Al 2 G MM R B AS ], o] DR A DA A 8600 A B AT L 3 AME2ERh 4 220 (1) fk2gfh AL
FEE IO R BB A EUREE Cpi—Cy 1 n-Zdi ke ek, b e ik L, (2) ke B R85
BN = MEIM R (C H,, o, n=30—37) , A046 Cyy—Cy, AURIAT IS AN Cp,—C o, B F IR 24500 o %
Mt B2 R B T Y 27%—86% , (3) b2 M L. AUE L—For EAFAE R IR A% IR 0 DU i 28
IiIE (CpHog) , S MM T ) 29%—8% , 1£ 3k 3 A~k 2iAirh | 4 % ¥ Br & g o 25 J2 A v At i) 22 el
WU Hoh kg A FESERD B S I R AT A I RSB A 7 AR T AR L, AR
SR FRAE T AAE A LAHEL AR A B B4R IGE FROR T HL ERRUE AR K fesE R A Rk
R B, T AL2ERD B L DU AS 2T A48 (50 DR, A8 70 i 10 3k U R T 2SR A AT T Ak 2 b i 40 25
FIWT

IEAN, Templier %" KBS —FpAL22Fh Gb (1 0 ie Sk 2a R A R AL, (E g St 1] e 77 e 0t X A e =X
Kawachi 25 2 {{GE K T 54 Ca—Co REM IR IE LR 0BT L 2FFh S, vl UL, BEEBF ST IR A, A7 FH 8 25 e 1Y
2  EAT DR W kb 78 58 38

2 HHEEENS TESFERR

21 DT REKF AT

ST BRI G  E R IR r F 0 IR . B 77 R G A0S K A F B H 25 58
e HY) oy JEF A T AL G e By e A ) B, i 1 AR 5 AR S5 R (19 4 T R e f it oE | LA
X 28 My 2R 2 B B AN SERAE T . A BRI AT B B2 AR B AL SR R BUAFIEAE AN R I R 12 T 45 5
KA AHX PP FRAVRAEAEAS BT T2 i SR 00 DR B i e 1 DRIt 42 i W DR U 1) 1 B 2 I 52
RGKE RAZWBEIRIC, E AT S RIS AL 2R R AP A

DT REREFIRAW RS FHRIC, BE AR SR B E R T R G 2EUF 5 b i i Y
T BEE B A B EE SV ( polymerase chain reaction, PCR) 3738 & H sl 7 45 AR 1) & &, R I 43 B 2 17 i
W B R G AL OC RN T 2, TERLIRI T o3 M b 8 T 00 T RGEK B # U 5L R BeA 4% 4%
P Bt 18S tRNA JF 81 ITS J3 41 45 it & (A ik PR F B 1, 5- W8 TR A% I AR 62 A Tt/ o 48 Tl i BT (1, 5-
bisphosphate carboxynase/ oxygenase large subunit gene,rbel.) %5 | DL K ZORIARIE D] Fr Be: 00 H i, A5 2
BRI T RGO B AW EERUZHER 18S tRNA 5 ITS X, J iR AR B ] rbeL J7 9 HE HE 3R G0 & B AT
FHIL Y ZRGE T , K R KF- B B 2R 7 35 45 2 R PE S R GETE AL

2 5 HABGERE AR /N RNA JE51) X 53HT , Sawayama 250 857 T 55— A6 X6 A7 86 244 6 19 2R
GREW, ZIAT A B. braunii Kiitzing ( Berkeley ; fL24 5 B) J& T4 3 1] 2R 8 40 | [l /ML ( Characium
vaculatum ) FE KL ¥ ( Dunaliella parva) 355580, Senousy 2514 MY T A5 B4 248 v A [ Ak 24 Rl bk 5 53
ANERBETTEERR A 18S rRNA FF 9 R G R F M, & I WY % 38 I T2 ] ALK 49 ( Trebouxiophyceae ) , 35
HERBEAINY Choricystis G FRIGT ,  FIRGRA 1335 1A WA 473508 T4 3 AL, (B JHG i s 49 331
HAFAE T

Weiss 252 415 B. braunii Berkeley WRk B T 18S rRNA #4148 & B, I i 5 B R 28 e B-Lsh ik
F A8 H AR S A% M 4% TR ( complementary deoxyribonucleic acid, cDNA) 3] R Gt & B W K B F H 25 1 A&
B. braunii Berkeley J& T 3L Bk 38 44, WE M 2= % F) & Bk % H ( Chioroeoeeales ) . 4% Bk % H
( Misehoeoceales) A< H ( ehiamydomonadales ) Fl/Nek#: H ( Chiorellales ) ) rbel. JFEFNMEE T R L & W, [FFE
R AT B A A R S RN /R SRR )R — KRR DRI, 207 R8T I S A B 2 e
Bl LR, T A iy 285 R BER I T oA IR 4TIk
22 DT RGERERRZGER M

Kawachi %5 MR M €035 3% 40 BT 25 SR, LA 4B #2 7% ( Neighbor joining, NJ) | #ic K i 20 7% ( Maximum
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parsimony , MP ) Fl#5 RALSR 1 ( Maximum likelihood , ML ) 4385 114 31 A7 B 28 W5 S Ak o 4 k2 (4
RO AR A B L AT L24FR S) |, FF5 GenBank - Fo At A7 B3 4 45 e bR AL R A 2 T 56T 18S vRNA JP IR
FHEEKBEM(E D) JEB3 A FREET (I ARK S 50 546240 A B L AR Hob, 5B 1 I 53
SIPE RO SRR L1 2 Al D02, i 2R A M1 2 43500 0 T4k LS,

Botl5 (Okinawa, S)
Bot20 (Okinawa, S)

100/95/99

100/99/99 55/52/62
P > Bot42 (Oita, L)
0.005 substitutions/site HIJ BBR581911 Songﬂda ©
Bot80 (Huoshlma, )
100/98/971 Bot84 (Hiroshima, L)
64/ Bot12 (Tokyo, B)
Bot22 (Okinawa, B)
59/65/53] L= BBR581910, Ayame (B)
Bot25 (Chiba, B)
Bot60 (Gunma, B)
Bot30-1 (Hiroshima, B)
7/95/95—Bot61 (Gunma, B)
Bot70 (Hiroshima B)

100/99/98 100/88/92

90/76/-

Bois (Chibar
o iba,
O8/78/6710% (26 (Chiba.B)
Bot30-2 (Hiroshima, B)

1 Bot24 (Fukushima, B)
8o/ 78// 637/80783 —Bot38 (Kagawa, B)
100/98/99 |Bot76 (Hiroshima, B)

Bot81 (Hiroshima, B)

Bot23 (Okinawa, B)
S o RO Kt

99/87/- BBR581912, Titicaca (A)
( N 100/100/95 ['Botd5 (Kagawa, A)

Bot97-2 (Hyogo, A)
| AY197640 CCAP 807/1 (A
10071007100 Bot88-2 (Yamanashi, A) )

100/100/100 [ AY195970 choricystis sp.
L AY197629 choricystis sp.

84/68/-

E1 T 18S rRNA FIMMBAEERF I RER EHRDY
Fig.1 Phylogenetic tree of B. braunii based on 18S rRNA sequences, cited from reference

Numbers around the internodes indicate bootstrap values in the NJ, MP, and ML analyses; 1000 replications, the same below

it BRI A T ARG R B SR R Z I E R, H M GenBank FRILT H LT
kA RS A A A A 3R 9 18S vRNA 741> 20 JF I MEGA 5.05 B4 LA4R %k NI B K7 497 MP
FHRARSRTE ML A T FRELBR (K 2), AT, f2EF A B L 359)8 Bk 405X 4~ KR, H T 40 AL
PN 2R, 0 AL A RAb22Fh B L 41A8, X AT e == @ 8 RAE e G e k| Bk 2FFl B L P2 A ik
BILAZE S % M BT | ARl A A Rk — 4 SRR IE AN TE T A B 2 A Ak
Fhoy25 RIBHE R HA T R G L B R G2 Fh 2 AR 1 e |
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ABG677492|Botryococcus braunii Bot20 (S; Okinawa, Japan) _
ABG677490|Botryococcus braunii Botl5 (S; Okinawa, Japan)
ABG677504|Botryococcus braunii Bot36 (S; Kagawa, Japan)
AB677491|Botryococcus braunii Bot16 (S; Okinawa, Japan)

97/88/92
AB677506|Botryococcus braunii Bot39 (S; Kagawa, Japan)

AB677493|Botryococcus braunii Bot21 (S; Okinawa, Japan)
ABG677508|Botryococcus braunii Bot52 (L; Oita, Japan)

ABG677514|Botryococcus braunii Bot80 (L; Hiroshima, Japan)
ABG677516|Botryococcusbraunii Bot84 (L;HiroshimaJapan)

100/99/100 [100/93/99 1581911 |Botryococcus brauniiSongkla Nakarin (L; Khao Kho Hong, Thailand)

Trebouxiophyceae

AJ581910|Botryococcus braunii Ayame (B; Lake Ayame, Cotedlvoire)
HM245351|Botryococcus braunii Yayoi (B; Tokyo, Japan)
100195/9 F1807044|Botryococcus braunii Berkeley (B;California,USA)
HM?245349|Botryococcus braunii Kawaguchi-1 (B; Tokyo, Japan)
HM?245350|Botryococcus braunii Kawaguchi-2 (B; Tokyo, Japan)

AJ581912|Botryococcus braunii Titicaca (A; Lake Titicaca, Bolivia)
100/99/99 AB677507|Botryococcus braunii Bot45(A;Kagawa,Japan)
100/99/100

Botryococcus clade

100/99/100

HM245352|Botryococcus braunii Yamanaka (A;Tokyo, Japan)
AB677517|Botryococcus braunii Bot88-2 (A; Yamanashi, Japan)
L AB677519|Botryococcus braunii Bot97-2 (A; Hyogo, Japan)
AY195970|Choricystis sp. AS 5-1

66/70/57 |

L 721552|Trebouxia magna
KC149968|Chlamydomonas reinhardtii GTD4C
100/99/99 JX446459|Chlorophyceae sp. WIT24VFNP48
—— HQT710587|Botrydium granulatum voucher N-622
100/99/100L—————— IN573871|Heterococcus sp. W1232 l— Xanthophyeeae

B2 T 18S rRNA FIMMBAEE R RE L FHD -4
Fig.2 Phylogenetic tree of B. braunii based on 18S rRNA sequences

18S rRNA \ITS JF A 5 B 5 i s i 2850k RISV Z RIAF 7 i Lo 2R i T A 4 e
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[R)BHEA [ J& B B 1) BR 3 245 35 ( Botryosphaerella sudetica UTEX 2629) [ 18S rRNA ITS 5 /5351 i /NG & T 47
W B R G B, BUEE T AN () i PR U5 ) A A 2 R 0 R R AYI L R, 18S rRNA Y RGEK B W 25
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A review of researches on the regulation mechanisms of temperature and

humidity in honey bee hives
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1 Apiculture Research Institute of Anhui Agriculture University, Hefei 230036, China
2 School of Information and Computer, Anhui Agriculture University, Hefei 230036, China

Abstract: A honey bee colony displays various characteristics in different periods of the year depending on environmental
factors. Temperature and humidity within the hive are important for all bees. Adult honey bees can tolerate a considerable
range of temperatures, while the survival and normal growth of the brood depends upon brood nest temperature being
maintained within a range of about 32—37 “C. Temperature regulation is accomplished through the efforts of the adult bees
who hold central brood nest temperature between about 34 “C and 36 “C. When the temperature falls below 14 °C | the
honey bees start staying in the hive and forming a ball ( winter cluster) ; when the temperature falls below 6 “C, the hive
has the appearance of an exact ball. It is known that each bee can produce heat of 0.1 calorie per minute at 10 °C. During
the summer months, honey bees stop whatever they are doing and attempt to cool the hives because of the hot weather. In
addition, when there is an excessive amount of humidity within the hive, it can lead to diseases such as septicemia and this
in turn causes colony losses. Honey bees showed a high level of organization, and would take action to keep the hive in
optimum condition. This unusual phenomenon drew a great deal of interest and research from scholars in the field of honey
bees, making hive temperature a hot issue in honey bee research. Bees are a peculiar species formed from a hundred million
years of natural selection and evolution. They can construct the strongest hive for the largest honey storage using the least

amount of material using the well acknowledged hexagon honeycomb design. Likewise, in their natural state, bees only need
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to consume a small amount of honey (i.e., energy) and can keep a stable and constant temperature in the hive, showing
excellent energy-saving optimization ability. The hive temperature regulation mechanism can be imitated, and we can draw
lessons from this kind of energy saving optimization method to design and manufacture new air conditioning energy saving
systems, and apply it in greenhouses, gymnasiums and other high energy consumption facilities. In the first section of this
paper, honey bees and their biological characteristics of hive thermoregulation were summarized. In the second part, hive
humidity regulation was examined. In the third part, current research about hive temperature and humidity regulation, at
home and abroad, were integrated. The current results of the study only showed the function of temperature and humidity
regulation and that different ages of worker bees and different kinds of bees behaved differently. However, the age of the
queen and drones’ impact on the nest temperature and humidity change and changes in regulation of individual bees nest
temperature during energy metabolism and longevity are not shown. Lastly, we put forward new ideas for the internal
regulation mechanism of hive temperature and humidity for future study. Further research is needed, particularly on the

intrinsic link between individuals and groups in the form / structure in terms of the thermostat mechanism.

Key Words: honeybee; hive; temperature; humidity; regulation
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