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Abstract: The molds isolated from rotting plant roots was identified by the method of combining internal
transcription spacer (ITS) sequence and morphological identification, and the rDNA ITS region of the strain
was amplified with fungal universal primers. Then the sequence was submitted to GenBank to obtain the species
classification information, and compared with homologous sequence of the species to construct the species evo-
lution phylogenetic tree with Figtree. The results of ITS molecular sequencing and morphological identification
showed that the strain LJM-001 belongs to Trichoderma koningiopsis. At the same time, the strain LJM-001 as
an indicator microorganism was used to living environment of compound with heavy metals and antibiotics, and
explore the strain’s adapting performance characterized by dry weight of mold, GSH content and protein content
to analyzing the physiological and biochemical changes of microorganisms under compound pollution and analy-
zing their correlations. The results showed that the strain’s response in heavy metal resistance under antibiotic

stress were mainly synergistic bactericidal and synergistic resistance, and indicated that the concentration and
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type of heavy metal both had a significant impact on the antibiotic resistance of strain LJM-001.

Keywords: Trichoderma koningiopsis; heavy metal; antibiotics; strain identification; combined resistance
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PrAE R T AR SR, Rk T EE R A, AR P Som A P B AT B
FIVERT, A3 EAE H R ARG P 0 B TR 2 2, R, K s A i R AR ik
FEMIHEN RIS R, hE TR R M BRI E . B BIRESERGE Y, PSR R
EmPAERERm A, RGUIE TR RPN BB, R, i i 2k 2Bk A
FREy . BEE TAL AR, HAERBEARE PRtk L, Myt REESMHEAE
M, AR A CEENLRIR T oA BN I g, BRI RN sull | tetM | tetQ . ermB,
mefA SEFEN S AEEHh Cr° " | Cd*" S &Rk A %5 % SRR .

FERIEN—ZT AT 5 AR R e 1 LA S TR 4 R 15 e B i i 2 Al AR S I P 1 L
RS, SR R A PR AR AR, PRI UE R EA R BT AR B R I A
AAERMEETY, FETAL, Rl FREE R EEAUEA 72 8RR

ARG BTG Y M AR P R P, UPiAR - E8RE SR RS, i
1T VoM A5 8 LB G . ¥k hr e . EhMREGE R EH AR M G| ¢ Cu*" FES
B AT G RIS AR IR 5600, A AR &2 G5 Y R BE i i, DABEARWREE . B & &
WIFEMABH K (glutathione, GSH) & & Rigdr, HEMMRBELSIE . b Zi5 R SHurEwE
KZ B, P RR ARG W PR YL, IELE SPERE SIS R T
LY BHEITR AL S %

1 #MHRERE

L1 #2557

L1 ERPRIRE SR AR LIM-001 43 & T I AR AR AR, Jfadad ITS 4358 R AF T - 80 CH .
PDA JiFREEM 5. 0ol Hs Eh 3 200 ¢, HAHE 25 ¢, BUIE 20 g WERR AW 2 g, BIMRBE2 g IR T
1 000 mLIGEEZEMK T, K& (121 °C, 20 min) 5% A0 & A H

112 BEEOKECH PiAERBWECH: HRMRAEER . L AR0IE S 55 W KT By 2l K Be i,
SRFH0.45 wm SFLIEBORE & HOT U, BOBIATE T UKAS, AER MR — R, BIES R (G,
Cu®* I Cd™* BRIEIR) WK : 43 BIFRER K, Cr, O, [E{K 1.413 g, CuSO, - 5H,0 {4 3.906 g, CdSO, -
TH,O 1A 2.291 g, 4351% T 1 000 mL JCRZEMKH, Bl A Bl AKTs 4, PRAFE TAR 6,
113 XERANAH  WiBE (OLYMPUS A9 B %%) ; PCR X 9700 (& ABIAF]); ML 3730
(3E[E ABL); HLJK{X DYCP = 31DN (JbmiN—{EsT ) s SEAMAT Wt EE it (UV751 GD) 5 #E K
(ZHWY -2112B) ; #fgE fessR4ds (PHX); UM #E.OHL (H1650) ;5 XPS f83%{¢ (PHI Quan-
tum 2000) . FEEEIERHHEBGLF] & (Rapid Yeast Genomic DNA Isolation Kit) ; DNA B &7if; E @
FH518 ITS1: 57 — TCCGTAGGTGAACCTGCGG -3’ 5 ITS4: 5’ — TCCTCCGCTTATTGATATGC -37 ; 1§
KRR (L I70) &  (Spurr Embedding Kit) ; 25 0 #5552k 2 F1 B0lR & ;. dNTPs; CuSO, - 5H,0;
HNO,; NaOH X7 ; #MeH Ak, AIdtEiesy, Hhirat,

1.2 WHE

121 RSAERHNS Ll SRR S5 Ik, BRI Pk 1 3R 5y B A5 5k
KRR, W A2 B DIARAT AR R ,  JE il i A sl SR PR A7

1.2.2 AKREREERESLEEMr Bk LIM-001 00T D44 ZE AR 73, 24 CIEER F4 17
EHIRT2 h, WESH 24 KA, AR SO R IC SRR RIE . T8O BRI R BCR
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BUFIIE AR HE AR iR AR HEA T 0] 20 2 0E o

1.2.3 Zim 5 DNA fU$2E0 S MREERE R R 4H 3R BGR T & (Rapid Yeast Genomic DNA Isolation Kit) i,
WI453E4T DNA $2H,

1.2.4 PCRYBGITS X DATRREERNZH g9 W, (A S0 wL AR FR, RUTINARZEK . Sk
dNTP 38, 5, 2 pL, FIMAITS 544 pL, DNA K& 1 wL, 4ifb/5 %R DNA 2 pL, Z5i485%
B, TR AL TRY 4G 30 MG

L2.5 §HyZ=Yi ey 55 W ikAT Sanger —RIF ( HHEAE TAY TREARAA) . S K
JPAid it DNAstar (v6. 13) XTSRS B — & 588741, SR 54 DNA 341 532 2 NCBI il 12
DISAF AR TEAN 03 2615 8, IF T 2R E T 5, A MEGAS. 03 F1 Figtree 47 LUXT /04T, 14
HYFHR G L EW

1.2.6 HEmHimd B gt (11 -12] mMarsRss R, B My R mE G154 st
B E RN T . pUAERIREER . BRI R ERC 0, 5, 25, 50, 100, 200 mg/L,
Kl s b A 4 IR G L Cd® R Cu® " AR BE A IR B R 0, 5, 10, 50, 100, 200 mg/L 6 -k i
BEEE o T8 3 WG 2H G 2 JRR B AR B R A TS0y, e IR AR RIS 18], SRS 23 S0 AN ) Ak 3R vk B
AR ESBWEASTEMYTE, GSH i LEARSES, NRIEVIAERSHERE AT
o Xof B T AR A D0 0 S M) L R 5 TR A A R o 575 G i i AL

1.2.7 GSH 2B E i Ukl GSH &, ¥ 1 ¢ THRMIE T 4 mL 20K 5 I
A5 mL Bk, FoERE 95 C/KIE 10 min, K AFHCHE IR 72 204 B, 5 000 t/min 10 min 5.0 40
B, G RUREE I SRR R GSH

1.2.8 HEABHRBULIE B ATIF 2.0 (4 000 v/min, 15 min), HEEBRIMAGKRE, 4 CHh
Frofego, BEREHBRTIE. RS FTBRERZ M (pH =7.0) ¥#ig, JFdil, SEHaigEmE
HBEE T, % Sls i kil g A2 b i E A B B e s, EEBARHER N 0. 563 ¢/L,
H0. 05 mL AR 50 A RRFIAGRE . 0. 05 mL & B MERE 2K . 0.05 mL 467K, J35fmA 3 mL %
e AR A, TRA P4 10 min J57EPAC N 595 nm 25 HROGREME, HIZEK s B0 IR
BAMARES 3 AE N PATIES, I B bl A B S

1.2.9 BEgeit 5408 R Origin 8.0 FfEXF Cr°* | Cu** | Cd** A A: 2 46 [ R 55 1 o o
GSH & i DA S A B & s AT Al ALAL B Sk R0 SPSS 22. 0 JptfrhiiE A . GRS, W
HegwdEE, GSH i, RS EZEIMMHICKR, RN #ETREEZHNE T 200, BEHK
- P <0.05,

2 HBRE5SW

2.1 BEgR-EREANUENFIERERE

2. 1.1 WyRRYIEARE B 24 CHEFR3 d, Wk AR KA SRR, ik b, wEpE
H, EIH AR 25 97 X, P hagERIRE O, P KR AR SRR,

2.1.2 BRFAEZH  WAMETWER LI, HRSAB TSRS (WK 1), Hhraf+ET
AR ERARI A, IERZ W R A, AR R, RILL2 ~3 NSO —
P2 N | T DN i e T R 1) 7N = s o e =82 9 e s T

2.1.3 FETFITS HNFIHRG AT M i NCBI AR WREAE S, I FEirgyh el
i ClastalW S#EAT U 3T, SRIGHF LX) 91 45 SR TR Figtree # - R GE K B, S50 2 Jir
o Wi EW], ZE RS Trichoderma koningiopsis ML R %0y 9% . K 2 ol W, Zw bk 5
T. koningiopsis 32 R Z AT, R HEEAEE (Trichoderma)
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a) 43 F B Conidiophore b) 46 F % Sporangia
1 HE# LUIM-001 E £ &
Fig.1 Hypha morphology of the strain LJM-001

Trichoderma koningiopsis (HQ022482.1)
Trichoderma koningiopsis (JQ278014.1)
Trichoderma intricatu (EU264002.1)
Trichoderma atroviride (GU595060)
Trichoderma koningiopsis (EU718083.1)
Trichoderma koningiopsis (D()323411)
g7| [LIM-001

Trichoderma viride (HM776435)

Trichoderma erinaceum (JN628175)
Trichoderma hamatum (JN041006)
&4 ! Trichoderma asperellum (JQ294074)
| Trichoderma pseudokonin (AF414330)
100L— Trichoderma longibrachi (GU966512)

0.m
B2 EFITSERRGZAEHMLH
Fig.2 Phylogenetic tree based on ITS gene sequences
2.2 MAERMEGRESERENZIMEEEXE
2.2.1 PUAEFRXTERESBIUEREE R ANE . SREER R 50 mg/L R, R B
WRESHI R 0, 5, 10, 50, 100, 200 mg/L (AR C°* | Cu®* F1 Cd** ARG PTPELs R ILE 3. E 4,
ANl e i T w5 Sk A B S A T R ULIE 3. i 3a al AR, HJEEWEE O ~
10 mg/L, G4 BE B4 8 B TR BE A hn, BRI 10 mg/L I, 25 3 3 B i A K
B, MFEE E R RS, WikE 2 B EW TR, TRelig, B8Rk K TEES
JRANYUAE R 6] i S AR R IO e e e M5 DRI AR T . AR, 181 3b S5 2R3KB, GSH & 54 )m &
TR L, BNBERE 8RR RO GSH & i WY s /b, U6 o 4 J O AA e Nt 1 AR B 484k
i, MTHIE] T RN GSH & . il 3c WoR, 4@ E & s m R R . LE
U B /NIERG I, SRS BEE R B A TR R R, R Jm R IR B — S,
FIBUS A TP AR 3k T BB TR 2 9 Sk A0 7 4 A I ™ 0 T T S AR AL ] 4 400 1 85
R, Wik, fERSBMYUERNEGERAT, KKEE SR S5hiE ZIE, Wik,
GSH M F TS 5 m, —FAE MR BRI Sy, HEiRE . GSH FIE F 5 i 4L
%, EERICAMFERE, ZEFES3CE [15] RFFEE R —2
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Fig.3 The effect of different concentrations of heavy metals and cefradine on mold resistance
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Fig.4 The effect of different concentrations of heavy metals and berberine hydrochloride on mold resistance

ORI T4 R AR B 3 A WA BOPE I 4, 1 da AT, T4 ARV AR O ~ 10 mg/L
W, B BES R B R EE R N S ARG Y H a2 7 BT ik B2 10 mg/L I, TR IARAE K
Bifi 4 8 5 R BE A R I 2 AR OG . X ARt 5 k0 - &R A AR Ak S5, BIRY BTiE
WFEIRE) 10 mg/L i}, BRI A R, Kl 4b 455K W], GSH % 2 B 5 4 J@ 28 8 i AN [m] 1y 2 3
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AR RS, b, GSH &righfi Cu® " e EE AT I, GSH B Cd”* Vi B2 A1 in 2 BRSEHE I 5 T 1
ks, 24 Cd* W 50 mg/L i, GSH it il ik 12. 454 mg/g, GSH il Cr° " YR EEHE i ZE L
AU, BB TRERS, RSk [16 -17] RINFRAI RV & B 4e 4592R 2R, 18
ERREERMA T, 3 P B B 0 B A BAT AR R, IR P B R A
AT T FRRAPIRAS, B G RE T SER i R S S & s LU RTA . GSH A/,

55K 3 5E 4 FTLURBL, TEARGUE RIa e T A Rk A R AR E e m AR D, REH
PRV GSH FIER [ & i R IR SRR AE o TR S, O bR 0E R 2 SR
PR R ERERETE R, B G R0N R O 5k fihine k. MR, Cu’" 5kfihie 2 &R
BUWRE R R B2, FIILE SR Cu® " SR Rk, WHIARRPUER SFEESEE
A AR B A S A A ] o R B Gl B GSH oh, b i E e 7, Cr°* | Cu®”
Xt GSH £ BRI G, AW EE Cd** %) GSH & i (4 i . Sk JBRLE A T, AR EAR
AN 42 JE Xt GSH & L2 KA 25, it FREAEM S, HhdmaEiE R R, o,
Cd* XFEE B & B WA, R Cu® X8R U & A SRR i 25 i sk be an °, R
7 ¢ J3 A ) e 248 T 4 e o 2 11 o 5 AR S A I I
2.2.2 HERMEAME ST RIS T O TR E SR WE PR
PR DL 3 Z AR TR RPUERIR RSO, K 3 6 Jm AT AR R 2 54 T T A
GSH MEHFUGRAT T Z20nHr, GPRILE 1 ~K 3,

*1 BERGENERNAESH
Tab.1 Main effect variance analysis of the mold count

WARCFT A AW Br

ﬁ% 5{%{);% Source of variance Type Il sum Degree of Mean F P
of squares freedom square
B IEAE Corrected model 2.992 11 0.272  1.467 0.208
IS J7 F Intercept sum of squares 18.443 1 18.443 99.449 0.000
jﬁﬁz%ﬁl% Kinds of antibiotics 1.111 1 1.111 5.988 0.022
Ei\ﬁ{ﬁﬁ Concentration of heavy metal 1.320 5 0.264 1.423 0.252
Eé‘;)ﬁﬁ’% Kinds of heavy metal 0.281 2 0.140 0.562 0.580
FEE B « 4B Kinds of heavy metal , concentration of heavy metal 1.350 10 0.135 0.541 0.839
4 RS = Pidz KRS Kinds of heavy metal , kinds of antibiotics 0.226 2 0.113 0.582 0.565
P E R « 4B WIE Kinds of antibiotics, concentration of heavy metal 0.561 5 0.112 0.605 0.696
122 Error 4.451 24 0. 185
,E\Wuﬁﬂzjifﬂ Sum of squares of total deviation 25.885 36
B IE S5 FT Corrected total sum of squares 7.443 35
=2 GSHEEMEIMEFESN
Tab.2 Main effect variance analysis of the GSH content
WASEI R HE B35
F5 2 HKAR Source of variance Type Il sum  Degree of ~ Mean F P
of squares freedom  square
& IEAEH Corrected Model 34.406 5 6.881 5.982 0.001
é&iﬂ:ﬁilz‘ﬁﬂ] Intercept sum of squares 86.497 1 86.497 75.193 0.000
4 JE P2 Kinds of heavy metal 24.744 2 12.372 10.755 0.000
E%EKQE Concentration of heavy metal 8.625 5 1.725 0.766 0.584
PrA: ZFPZE Kinds of antibiotics 1.533 1 1.533  1.332 0.258
HEEWRE « B4 JEFIZS Concentration of heavy metal , kinds of heavy metal 12.671 10 1.267 1.020 0.469
P E RS = B4 JBHJE Kinds of antibiotics , concentration of heavy metal 6.715 5 1.343  0.597 0.703
Eéﬁﬁlé’é * *ﬁﬁz%ﬁl% Kinds of heavy metal , kinds of antibiotics 6.217 2 3.109 2.702 0.085
1222 Error 32.209 28 1.150
E‘\’f}ﬁ %EIZ‘?\T%]] Sum of squares of total deviation 152.447 34

B IE B J5 Fl1 Corrected total sum of squares 66.616 33
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R3 EARSEMNERNAESN

Tab.3 Main effect variance analysis of the protein content

WA A AW ¥07

T2 HUR Source of variance Type Il sum Degree of ~ Mean F P
of squares freedom  square
B TERER Corrected model 0.341 5 0.068 12.329 0.000
FRIE 5 1 Intercept sum of squares 4.027 1 4.027 727.097 0.000
T4 JR A2 Kinds of heavy metal 0.100 2 0.050 9.071 0.001
B Z N Kinds of antibiotics 0.003 1 0.003 0.514 0.479
4 JB U Concentration of heavy metal 0.070 5 0.014 0.790 0.568
Btk 2R « T 4R R E Kinds of antibiotics , concentration of heavy metal 0.008 5 0.002 0.091 0.993
ELIBFI + Bk ZFP Kinds of heavy metal , kinds of antibiotics 0.238 2 0.119 21.494 0.000
ELIFRE « E4LJRFPZE Concentration of heavy metal  kinds of heavy metal 0.043 10 0.004 0.262 0.982
W22 Error 0. 166 30 0. 006
SR 2Z 5 HT Sum of squares of total deviation 4.534 36
B IE B 75 F Corrected total sum of squares 0.508 35

M L ATRIE N, M TREEERTS, BemEARRmiR, HICHESRKE, AR
MM B (F = 5.988,P = 0.022 < 0.05) , HaJm-5H0A RS B R 2 0 800
AR HFE2 AIH, W TERER GSH SRS, PiAERMEREAN RN, HOOEESmKE,
HERARABRLZ LN (F =10.755,P =0 <0.05) . &3 a[LIAEN, X THEREOEARS
BINE, HeRMIAREENENE (F =9.071,P =0.001 <0.05) , JFH, EaEME +HiAER
T SX Bl 52 LTS Y RO A T8 B & S WA B R F RN (F = 21.494,P =0 <0.05) , UE 4
JERPUE RS HARR], BVE G Jm 0 B iR VTR RYUEA BRI . A RIS, 280§
SET5 P Z AR LR S PRSI S T59ere—E R B2 T Ui LE S, [R5
FRAYPERE R R o MM TR — (BUERSESR) MR, YW LR R
TERG RGN, HEGTS I T fe o kB BB . XIFSCHR [19 -20] SSEAERTERIATH
25 A AP 1 MIC 3 R AL /NI S5 e AR — 2K

SEEe R ENYUERAR RO RN, SRR R A . GSH LULHR F 5 ) H
W, AT A R )i AN R AE 2 a8 SC R B B A7 AE S A, RIVER < il 2 T L
R P BAT B TR

3 #ig

1) ITS 7p 7 U2 AL S ir i 1R W], LIM-001 Rk RJE T Trichoderma koningiopsis, RHLKH
BRI AR A4S, IR IF) T. koningiopsis LA T. intricatu 384 I FAHIT , )0 L IRAR 2

2) HERSMARESHRTY, HGRIORERERMKN (0 ~50 mg/L), 4T PRBIME;
R B TR R RN (100 ~200 me/L) , WIZRBUG HRRIR

3) MEEE - PUERE PRI TEREY, PUERME + HE R R AR XT GSH & &
N, HARRANZE + PUA R SOV T A N T AR AT B
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