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Abstract: The effect of heavy metal Cr’* and Ni** stress on growth of Trichoderma koningiopsis was inves-
tigated and the mechanism of microbial resistance to heavy metals was explored based on glutathione ( GSH)
content and superoxide dismutase (SOD) changes in T. koningiopsis. At the same time, the effect of different
concentrations of exogenous NO and SO, on microbial resistance for heavy metal stress were studied as well.
The results showed that, with the increase of the initial concentration of Cr®* and Ni**, the growth of T. konin-
giopsis reduced gradually, and the content of GSH in T. koningiopsis was increased firstly and then decreased.
There was a significant negative correlation between GSH content and Cr®* concentration. The low concentration
of exogenous NO could promote the synthesis of GSH and the activity of SOD in T. koningiopsis, while high lev-
el of NO could inhibit this phenomenon. The results showed a significant positive correlation between GSH and

SOD (P <0.05) under the low concentration of exogenous NO. Different concentration of foreign SO,, inhibited
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the growth of T. koningiopsis and increased the damage to it.

Keywords: Trichoderma koningiopsis; Cr®*; Ni**; superoxide dismutase; glutathione; resistance
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F (0 - AREHEMKE (- 0H) FHHMAE A MK (reactive oxygen species, ROS) , X4 P i R R
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1.1 SEIedrs
L1 1 BEFPAIEFREE SRR T RER A S R o TR S 0 3 70 g S e OO AE . SR Bl 4% 5
U R GG )+ S 83 (m( 25 m(K) =1:5, H&HE25.4 /L, KH,PO,2.1 ¢/L, MgS0, 2.1 g/L)
KGR, 30 T3 d,
1.2 BRI N ARMERE AR . METRIFRIL 49. 32 ¢ Ni(NO,) - 6H,0, FZEB/KIAM, MFE%
%1000 mL, FECHITEREN 10 o/L & Ni** PR HER W, TR ESFIRAEGRE, C° frifEds
UL MERAPREN 28. 28 ¢ K,Cr,0,, HIZEMRKEH, MBEZZ 1000 mL, PCHIBTaEkEE R 10 o/L &
Cr®* IARHER 2R, AR R N DR . A0 BT FH A VA V320 fh 48 VA R A 31
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T, RO IS AR R R AL R A IR, T30 °C L By 120 o/ min HoRA BLE IR G
Y33 d, SRE SRR BB T ENLN L 0. 05 MPa JE dhaE, LB TR EHE, Bk
THRNRY TR E T 65 CHURN 24 h LT, AT KRR T E LR AR A AR R, JF 00 A5 8 T
¥y GSH 1 SOD % 4,
1.3.2 GSH MU HIE  ZSHOCH [13] RABUKISLE B g BET MR, 54 mL 20K
SHRATEBEIA S mL B RK T, FERAEIA 95 ~ 100 CARKHH/KIE 10 min J&, SEEVBUH T
POK R | SRIGTEREHA 5 000 ©/min TS0 10 min, B W, FIBUEEDE GSH A& &,
1.3.3  SOD 2EUKINE AR FoHYUE AT 1 mL SR SOD 53k 509% kA7 () SOD
YER—A> SOD i 18y (U) . ¥EFRJa MRS B DU R % S lise 2k (BRARRR &, Mt
BN TRERESERT) M LU h B B & i, MR RIS DR E AT S8, IR A IR Y
PR PR
1.4 HiR4bE
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HEE COF NG HE T, RN RKZ B E R, 2 FpE S JE R TR AR K IR R
WANEHIER, S E A B AR — e T, H GO XA EEESR T N, Y G BRI E
MO FHEE] 150 me/L B, R TAREMAE KR DE TR, RET, FEIRN GSH A& it B35 e 3 sk
KRS, I HAE G B BTV N 100 mg/L B A S5 e, Ni** XFHURE T AR 8 152 B Cr® AH L,
MNP RN O FHRE 300 me/L B, BB AR BV FRAIG, BRI GSH ) 7 5 S HE i i ik
A HAE NG BN 100 mg/L B, GSH W& ik glim ., Il A, HEENEEREIE U
FETARBERN = GSH el N H g s tE

45+  —m—HkkT & Dry weight of strain 10.35 7, 4.5+ 10.16 =

0
T —a—GSH & & GSH content : T o
L 40 oo L
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= . ) = —A— GSH % i GSH conte
= O'SA 5 Pt 0.54 GSH % % GSH content 0.09 5
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1 Crofl NPXIHIRTABEKER GSH 22N
Fig.1 Effects of Cré* and Ni#* on growth and GSH content in Trichoderma koningiopsis

2.2 5MENO 3t Cr* # Ni** il TR T R B
2.2.1  ARE NO XF Cr®* R Ni** i T UL T AR A K S

ARSEE I E NO AEEARSE4H  (sodium nitroprusside, SNP) U™ By 3k iz i NO X Cr®* il Ni?*
0 R TR AR s, S5 DLIE 2, Bl 2 AP, AT G R NGB, SNP HREEH 0 34 in ]
0.1 mmol/L i, HIRT AT AKEEAZEI; SNPWEEH 0. 1 mmol/L H/NE] 0. 3 mmol/L i, #UHET
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ARBERARAG NG, 24 C F1 NS B N 50 mg/L i, G F1 N XHUBRE T KRB A K34 2
P—EHHMEIVERT, (H2A0A 0. 1 mmol/L 1Y SNP, B{RAYA: K& [ s fn, SNP #4130 0. 3 mmol/L i,
BRAY A KA TR . 24 G FI N2 BV 150 mg/L I, Z5 525, UiBH—@E W i) NO figfg
BEAIS Co® R N SRR BEMEVE R, JREERRIARIMZAE R, (3 NO MR &, AR F R A K

55F 5.5

—o— Omg/L. —m— 50 mg/L. —a— 100 mg/L —o— O mg/l. —m—50 mg/LL —a— 100 mg/L

T 5.0k .50
— —
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2 s —— 2 L
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Soob— 0 T—— = 20
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¢ (SNP)/mmol - L ¢ (SNP)/mmol - L!
a) Cr* b) Ni*

B 2 5MENO Xt Crefn N*BhE THEURTAEEKEN I
Fig.2 Effects of exogenous NO on growth in Trichoderma koningiopsis under Cr®*#0 Ni? stress

2.2.2 AN NO X Cr®* F1 Ni** Jile NI T AR%EE GSH 7 = 521

ARSLIGHFSE T ASESNE NO e BEXHURE T AR GSH &=, 4511k 3 s, mlE 3 afLl
B, TEEA CGOAMT, Y SNPIREH 0 FH %) 0. 2 mmol/L B, FE{RPY GSH & ki T 5 .
AkSETh i SNP WREE, BT GSH A& s F A, FRILERT, — MR AYME NO REME 12 0F B 14 PN
GSH a3 im, MmHRBTREAXT G A1 NG B8k, 78 N T IZ0E T, 2550 T B AE 2Rl
4SNPV EH 0 THE 3 0. 3 mmol/L I, BEAKIN GSH & Wb Thi, 4ks:Thm SNP ¥, HikN
GSH (& TR, XUEHE, — W AYAMNE NO FENS 1L IR R Y GSH & A3, M 6370 7 1A ot
Cr® MNP paEtE, (B2 NO MR R miRt, I imsfEm .,

0.80-
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Fig.3 Effects of exogenous NO on GSH content in Trichoderma koningiopsis under Cr®#a Ni* stress

2.2.3 AN NO X Cr® " A Ni** il N U T AR%EE SOD 17 14 5%
AR SZIGHIFSE T AR BE B9 AR NO XHBLRE T AR 8% SOD T PERYSE M, S5 R WnE 4 frs . MIE 4 Hhaf
DIFE, TEAFERESEE GO M N RS, BT SOD BTG HERIK, & B A & 4 8 1
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120, 150 mg/L i}, BERP SOD M m . XUl — @ W E RS, TRk FEART SOD By I% Hk
W ES BN, (EESEERE R, XMEEGZTEEEHRIK, FrliEE N SOD 36 H: &
A% MIASME NO B, AR SOD BYTE PR E SMRE NO #e A T S BLJC B s s IR Ata 3s, B
FE NO ¥EEH 0.5 mmol/L B}, SOD it xR, (R EEAME NO AT LU #E AR N SOD i M3
SR, T R EE AR NO X BRI SOD & PEHIAE AR HIAE

120r a0 mg/l. —0-30 mg/L. —A— 60 mg/L _ 180r o Omgl —e—30mgl —a— 60 mgL
o ~¥=90 mg/L. == 120 mg/L~<— 150 mg/L £ 160F ~V90 mg/l. == 120 mg/L. <~ 150 mg/L
£ 100 - =
S . E 140+ o
S 80 o, % 120¢ /
3 */'7 \\ T, s
o4 . #60g — —2
E T o f—
g T o 40p
'CJ) 0 % 20::_—-—D\= o—70 o

0 02 04 06 08 10 0 02 04 06 08 10
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4 Cr#a Ni*fhi& T5ME NO 3T & & & SOD & £/
Fig.4 Effects of exogenous NO on SOD activity in Trichoderma koningiopsis under Cré*#1 Ni? stress

2.3 SME SO,XF Cr* 1 Ni** 8 TR T ASE 1

A BT THE Co° R NS WA VR EES 0, 50, 100 mg/L A [RIVR BE M SO, % B 144
GSH {1t Jz SOD THMER M, 45 5, BE 5 ATLIE 1, 76 G Bba m i, 2505 SO, e
FH O B3 0. 5 mmol/L B, GSH )% M SOD BTG PEMGERFL, MkEE /MR SO, %/ 0.5 mmol/L
F %] 1.0 mmol/L B, RN GSH B9 & 5t T BEs B2 A rimi 2z, Ui SO, WA+ GSH & A M SOD
WP AAMRIE ] . ATREISR R . AR SO, TEW A b AE T AL RN, i B2 A T R TG V4,
I T BARBY S0, M T RN GSH A5 M SOD s,

— 0 mg/L.
0.4r —a— 0 mg/L 0.4- —a Ly
—‘CD —e— 50 ng/L - —o— 50 nlg/L
50 4 —A— 100 mg/L E'Q 4 —A— 100 mg/L
£ S L
£ 0.3%: S 0.3"
%; \ § \\
S 0af —_— Z oaf .
Z — E [
iz S
é 0.1 u » 2 0y = =
bt ﬁ
“5 0.0 . 00.0F
& 75
70.] 1 1 1 1 ] . 701 1 1 1 1 ] .
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
¢ (S0,)/mmol - L ¢ (S0,)/mmol - L
a) Cr* b) Ni*

B 5 Cro%1 Nizfhiga T 5ME SO, X E & GSH & SOD €2/ &M
Fig.5 Effects of SO, on GSH content and SOD activity in Trichoderma koningiopsis under Cré*#0 Ni* stress

2.4 Cr' N R TARBH S MR EEXES

I AN [ G R N X JULRRE T AR 0 3 P AT A DS A M 2 I, R ) e 8 o 4 g ot
T, G BRI G R B 0. 758 8 (P < 0.05) , FI B WEMARR, Wi Ni2* S SHiHA &
FEh -0.298 7, HAMCHEARIIE . AMNE NO £ C°F F Ni** XHBURE T AR BB AR &k 2 B 4
R, MR AHL, AR GO NS WRERR A T, AR EESME NO H % GSH 5 SOD F 3 H
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BEMIEAFENE (P < 0.05) , EiESNE NO 1 GSH 5 SOD FHEMEAN B 3%

R 1 SMENO MARERE C°F 1 Ni** BB THURTAREHRME GSH/SOD 85514

Tab.1 Correlation analysis of exogenous NO on resistance( GSH/SOD) in
Trichoderma koningiopsis under Cr°* and Ni** stress

¢(NO)/ GSH/SOD A ZR KL (Cr° " if) GSH/SOD AHJC R (NI JHhit)
mmol + L7 GSH/SOD correlation coefficient( Cr®* stress) GSH/SOD correlation coefficient( Ni** stress)
0.1 0.864 2 0.589 7
0.3 0.752 2 0.673 7
0.5 0.788 6 0.616 9
0.8 0.543 2 0.436 2
1.0 -0.016 7 0.122 3
3 ik

KTARTOHE KR COAH —LLiRiE, MRS REHARGEOISHRIEK, £28 €, pH{EHR 1
MIRRBEARAE T, HXF ot BMEBR R ik 999% 1) (Hak Bfff 53 K 2245 W e AR W B v, it o Tt
HELEBHLHIIF R IERAIRASAT, AR LB, 5T ARSI E S8 R KEHAN GSH & &
K SOD W iEtE & A ARk, 76 GO NS BHA T, GSH A7 & & SOD (36 M B iR & F I8 G il
Ni2* BB N AR O NS B, G FIENS ISR 42 GSH FIsgas SOD ByieHE, MmiHEht
FEJRTE, IR RS MR as R, R, FEESEIFEST, METAERELTA
WAL GSH 485 SOD G, ARSGFEB WAL, Mo F AR KF-BBE GSH (1) & AL
RS, FTREBCM AR S, F3 Ak, vk Co® " A Ni®* X LR T AR B B S il /e D,
SRR — S T R K AnHL B K | 1R AR AR, HE G R B TR R, IO AR A R LR Y
ik, UL, G s bt A R B T bohE, SR A Y, Wi ad RN TR TR
W, ORRAREE T — R T IiE R,

NO Z—Fh 2 504 T DR RIS T o ABFFE R SN NO REASHE 2k ra
T, MEHERIENERAMEY, DRSS SHYPRR NS, RPN & s E g mEaEE
Ylbhat s A B A PR AR, (ERSMIE NO YR o @ v A iRkt A s EAE R, NO X
AR E A WEMEDT T W NO XU E P E A R A (R SE , B ARG RIS, A SCHFSE T
ANFAMNE NO e BEXT IR TR BT E A @ s, 25 R R, (RWEE NO A THEIAN GSH M6 i
SOD H R4, AP E 48 iy aetE, M i BEAME NO S A #dIAEH . X3, NO A{XiEE
SRS AE Y X T 4 Jm n R AT iEsR S, XA MLAYE A . (EJE ST NO U A5 S
bk, HEMLIAER, AR NO T FA T GSH 194 1% SOD B3 Mk 4 4 ik T NO Xtk
Yt E S B AL, (AR RN S FHLEE A TR — 2T

4 L5t

1) GO MNCG ERTT, MiEESEWRERM, R T AR KRR, GSH &7k
WEhE >, VLA E AR T R R AR B GSH, 28 i 5 4 JE X A0 i ) SR AR B VE T, T G A R,
WS GSH 2 B EM A, NP AT, WES GSH WHRMHXEAEE, EeJR G XK
PEEMEVE T Ni*T

2) RHEANE NO RERSIEANTE AN GSH &8 2 SOD fih M, M 22 Mt o 4 W Xt s A i S Ak
WOERH, Ho#RMIEA M (P < 0.05) 5 @ik EESNE NO W N 5 5 4 J8 X s I il 45 45 76
GSH/SOD H A 3

http : /xuebaobangong. jmu. edu. ecn/zkb



- 278 - FERRZM (ARBIEARD) %23 %

3) FEARIRIHREASNE SOMEFR, GSH AYE 1 SOD 115 M BE AN SO, He B il 38 iy A, 148

AN SO, e 38 J 4 B A 45 VR
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