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Abstract; In order to extend the detection range of super-sensitive DNA damage responded yeast HUGI-yEGFP
biosensor which was constructed by our laboratory, and to accumulate more relevant data for practical application,
26 kinds of chemicals which were widely distributed in the environment and human lives were detected and 8 kinds
of genotoxic compounds were screened out. Compared with three existed microbiological whole-cell sensing sys-

tems, the detection results in this study matched over 50% of the data from Ames test and SOS colorimetric test
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based on bacterial cell, and over 85% of the data from the GSA test based on yeast cell. The differences of the re-

sults between the test systems based on eukaryotic yeast cell and prokaryotic bacteria cells reflected the different

mechanisms of stress resistance. In this study, three kinds of genotoxicity-positive compounds, mancozeb, malachite

green and acrylamide which were reported as potential carcinogens, were specifically detected by super-sensitive
yeast HUGI-yEGFP biosensor. The results of the study indicated that super-sensitive yeast HUGI-yEGFP biosen-

sor can be used to effectively detect genotoxic compounds which were related to environmental pollution. There-

fore, they are valuable in environmental health risk assessment for chemical pollutant as a complementary method

for other existed detection systems.
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i (A1 M 15 1 DNA 5 07 , 1M BORE R 5842 | g i
I Ied (%) i Ji | 3 R PR AR T B BR B Ak 2 R 1B Oy
FERBHEAG Y, KNS & WA ]
AES B DNA $i 04 & 4, PRI L DNA 458453 0 1y 2y
A AR R T AT R A I R 6 R PR ) S DN
PTEALE W), ALREXT A5G h B VA A W kA7 0 1 &
JE AT, B AR S W AN [ B M A B WA o 1K
XA W R P SO ek N I f R - 5 XL 1
i EARERER X,

AT B 5 R PR A S W i A R 5 B A L

FEYDI) TG TR B2 A8 S5 (Ames test) | K #T 1
SOS i (4 1k K & Rl AL £ FH i B ) RAD54-GFP
ALFEPERGIN 22 48 GreenScreen Assay(GSA)®, X Lt
YT, DARERE R A P A I 3R 48 o B 3,
SRR S — T B B i B A, M T
B ARV AR 7R SR KK 5 Tk,
(RIS, VA 55— 5 ol 4 35 DR 2000 e 1) A A 90, T
T l%Rf(Saccharomyces cerevisiae)'f' 6 000 5Ly

HME B, 294 23% 5 NS EA IR

?Jaﬂ]%%?ﬁﬂﬁr“ T DNA i1 15 51 HUGI-
YEGFP "= WA% 3% TT A i N\ o DR e O g B 28 A
RS, Iz o R ) R S 2 B R RE L R A L S T
FasE I IR EERE HUG1-yEGFP =R a8 1
MEEAE 1, HUGT B[R i1 52 i B & DNA $i
PRk F)i5 G m F18M  Meurisse 251 & B HUGI fig
454 Ror2 WAL RS 5 00 S i 5 b
PR3 J5 il (RNR) I M, JE I 3 ML & 9 mT LU &
HUG I-yEGFP Joff 1 i i 45 3 N 4 B 9 S R H 1Y
eIk, TR 50N AT 38 A 9 S il A i i = A A
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FEAEIER TR B Rk HUGT FRFAKTHAR, FER LS
1 HUGI FERJE 37 B FORE R Crtl iBiLE , 2 s T 5%
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Fig. 1 The principle of HUGI-yEGFP Biosensor
for detecting genetic toxicity of compound™"

Note: Under normal condition, the negative regulatory factor Crtl
bounds to the promoter of HUG! and leads to low-level expression of
HUGTI in yeast. When exposed to genotoxic compounds, the Crtl
would be phosphorylated and then hydrolyzed by protease with the
derepression of the HUG1 promoter and expression of the infused
yEGFP. The fluorescence intensity of the expressed yEGFP will be de-

tected by Multiscan spectrum or flow cytometer.
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(AL A0 DNA 5473 58007 R D B R A, e 4 v
FEE Y[R B 2R IR SRR S R TR AN TR
GSA 50 e PR P ) S8 21, o) ek i £
HUG 1-yEGFP =& 2551 01 TR,

F A S 56 5 44 8t 1) B8 U R B HUG -y EG-
FP AL IS e — Rl ARG I R 45, 75 22 K xd
P45 P A 2SR B AR AR, A 75 2 AR AR ) B
VeI iE— LA 225 | Sy SR o F R ST
SRS LAY, PR, A BIF 5 R BURR BE BF HUG -
YEGFEP "= W% | 7 J5 R TR I ) i 70 35 PR 353
FEA B FERI L, SO T 26 Flote A2 77 A2 16 g A
KRB EY A5 4 B2y 5 Rl Tolk 5ok
B 2 Bzt g iRk 2 A R il A AR |
12 PR 4 JmEh I 1 R 2, Jorh 8 Ak G ks
Ry F R BRI A

1 ## 57 % (Materials and methods)
1.1 bk

BB B HUG1-yEGFP & W) 1% J% 2% T bk
WXY30095-genome-HUG1-yEGFP H1 A< 52 %6 25 #4
#U SRR HUGI-yEGFP 85 o F 3 4 5B 3 [H
e 58 A8 B . WXY30095 (sng2 A::KanMX, pdr5
A::LEU2, cwpl A::hisG, cwp2 A::HIS3, yapl A::
hisG, radl A ::hisG, magl A ::hisG),

1.2 BRI

YPD KigRHk . 1% B2 LY, 2% & R, 2%
FIATHE ; AR IR 3550 2% Bifg .

SD-Ura }5 7% 5 (45 T & &)« T B IH A (JC 240 3
)17 g, BilREE 5 g, #i%itE 20 g, BRIEERS 20 mg, H
AR 20 mg, (A% R 20 mg, HAR 20 mg, 52 & R
30 mg, 2R 30 mg, W% R 30 mg.

10xPBS ZZnpifg : SAfb4h 80 g, AALFH 1 g, T
TOKABERR R 4N 36.8 g, iR —E4T 24 g, IE TR
Z&KH, J NaOH #5795 pH E Ry 7.4, €A% 1 L #
FH B FH WK B B 1 xPBS HL75 i 6 K
1.3 bk

AR SRR ORI 24-DRA-—EARAL
i) \2-52 FHk-4-fiF BE R Wy | 8-F5 FLwis bk JL 2% 193 . DEHP
(KPR —TliE) EB(RAL £ 1) [ Sigma-Aldrich 23
Al SRR AL, TR (acrylamide) ) H A TAEH)
TFEA FRAF],NaAsO, . Pb(CH,COO), .Pb(NO,), Il H
254 Ak 2R A BRA B AR R A 1L K
T LA H FIERARAY MnCL I H 4:
BB T, ZnSO, W B b4k T., BaCL, 9 A

BARAE2ERA, V,00 A BT =),
CuSO, M AR AR Ir£ b T.), CdCL g A K AR
i, CoCLIE AT AR & 1146 T, K, Cr, 0,4 [
AR T NICL W F AUAS 200 BB
FieWe [ B E PR AT PR A B ARG o ke,
SR B R R SR BR A F

1.4 BERERRPRE DR RIS SR

HR-70 °C LRAF Y % B T . WXY30095-genome-
HUG1-yEGFP #:#17E YPD [ {5 32 50710 |, T
30 ClEESE AP EIERESE 2 d,

1.5 DNA #1100 5 55 52 50

FHATEE () B 1 5% OB 2 R 5 55 e B 20 A g
2 ODyyg o N 0.1, B H B I 0 BB TRV 75 22 24 1L
M, AL 1 mL B, 015 B 24 R B i 25
J& B TEIRRE R T 30 °C 200 romin” 5257 8 h B 12
h, SRIEWEEESLHAY 1 mL B2 6 000 r-min” 5
> 2 min J5 2% LE, INJCEE ) PBS BEFRSE vh ik i B A
W, T2 6 000 r-min” .02 FEFEET 1 mL
WY PBS BEIRZZ bl th, BRAL 200 pL 73R K &
96 LA IS B L FLAR P, 5 F T O =X 4 A SR
W, A PTGt 30 min, PAX MG A S 5E40
1.6 ZECREbR A ml I X 20 i ASORG I & (2 5 S B
GFP )3k

PRI EAF A Wei 50 07 v, 98 G
B SORIT I X 40 (SR I 4 2 5 Y 2 A B ik e, o
SEREEFFR SpectraMax M5 22 I RE Bl b 4 SRS I i 1
IR EE OD,,, TE AN 2 S 3 J3E (80 & 6 I K
488 nm KK 520 nm),

Becton Dickinson FACS Aria TM Il /= 3£ 431 Y
T2 SRS 0 % 4 Bt yEGFP 48 0,56 Y6 85 1 R )
Fikt, PG5 H PE-AGE A LUK 488 nm & 5
K 575 nm), yEGFP 155 i FITC 3 i Y 4 (3%
KICHE R 488 nm L FHEHE K 525 nm),

1.7 BdEgiit 5040
1.7.1  BEbRSUSIEEE S5 0

Microsoft Excel 2007 #4411 I 1158 5¢ i i
SEXE R E B yEGFP (3634, FH B 3 WOVAT 5251
SERE FARE 22 A XSGR AU AT B A
(arbitrary unit), AU/OD,, . 4 Bk B0 % 1 21 i 1) F
PR R
1.7.2 ek g s gt 5 40 b

ALK ERE S 10 000 >4 i 26 6 ik
i, FlowJo 3RFIHEAE S PLBIMEAH I - 2458
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SREE, PG A EL(fold induction) =% 5 2 0/ 1
B AR X 5 58 B ST (% B2 AR X ¢ )l 5
SR, BEAT (SRS I 45 0 15 o AL SR BE R 1.6
5, D 2SR 5 B 15 S 3ok A% 2 1k B 2 £
(YU ) S-S5 R BE RN T 60% 5K 100% ), B 2446
R G0 5 8 T 5 — IR s d vtk & 9 it 7=
A= 1Y) yEGFP S [ 41 - 14 2¢ )l 58 52 1 5 Xof
YEERA L, 96 T E > 1.6 58 2 W AT & FH
PEBAL TR, A graphpad FAFAER,

2 53 (Results)
2.1 FEHEFBHAAA Y B EUEEE R HUGI-yEGFP
A A TR A O 2 1 A

o R BB HUG-yEGFP ' W) 1% J8 48 %of
26 P AL Py 0 R DR 2 VR AT AR T 28 B0 SE 34y
Br, 347 8 Pk & B SE N E vk BV R ), I B
Uik yEGFP 2% S ai J3 Ay il b 4 S0 0 f 97 4 ek
FRALAG 1.6 £ LA al 3 =X 20 B ARG T g B 1 %o e 4
2 f50L b, i 8 Rk G55k ACERER BF 2-

1.2 1

Fh-4 YLKy 8-FRFLmdsmk LA EB | PN R |
LA AL NICL, R T TE R LRSS W
e BF DNA i 45 ), #F 23 X5 & A M Rk 9 bk
HUG I-yEGFP ") A% 45 70 14 16 e B8 40 i ™ A2 R
()2 B85 P 200 L, AV T 3 o o P 4 i A R ok
RGN, T 25 R L S AL S Al i . R
2 PR TR R AR KR B G AT, 4 R R 45
AU A e AN ) 258 5 e TSk 0 40 i A= A g 4
T T 8R4k A e 3 ot B (4 2 I B MR
2.2 EREMAE YIS S EUREE R HUGI-yEG-
FP =A% IR 9 G R (33K IR0 R AT

X 8 ik A S B URK HUGI-EGFP =41k
RSSO AFGR RIS R AT TR, 255
Kl 3 fin, S8 RAFIRIROC R, b LA 2
FEIEE N 400 pg-mL ' B 5O HFRB RS A EUR
0,8 1007 1%, S KIOGTH TR AR 25 50 EB,
EREECR 2 15, X 2 BAH G AN TR B B
FRATEIN, 2 DNA 5 1A 05 TR 1A IR 27
ST A REME R N TR 30 i

B2 ERZSUENEUSHEHERES HUGI-yEGFP £t R MRS ENFRX R

H AR R R AR R Y AL . B2 W) 20 b PR B e A RO IG IN , 425 4 B2 25 0k B2 430 O« ARARBR B0 1.2 4,
8.16 pg-mL");2-%Jk-4 W HEFLEN(0.0.1,0.2.0.4.0.8 1.6 mg-mL"); 8-FILMEMK(0 .20 .40 80,160,320 pg-mL™"); JLZEH(0.0.1.0.2.0.4 0.8,
1.6 mg-mL™"); IR{L ZBEEB) (0,1.2.4.8.16 pg-mL™"); NI ELRE(0.0.8.1.6,.3.2.6.4,12.8 mg-mL™");NiCl,(0,0.03,0.06.,0.12,0.24 ,0.48 mg-

mL"); FLAE A 4#(0.12.5,25,50,100,200 pg-mL™"),

Fig. 2 Dose-effect relationship between genotoxic compounds and cell growth rate of HUGI-yEGFP biosensor
Note: Columns with different filling pattern represent different drug groups. The drug concentrations in each group increase from left to right in turn
and the concentrations are as follows: mancozeb (0, 1, 2, 4, 8, 16 pg-mL™"); 2-amino-4-nitrophenol (0, 0.1, 0.2, 0.4, 0.8, 1.6 mg-mL™"); 8-
hydroxyquinoline (0, 20, 40, 80, 160, 320 pg-mL™"); catechol (0, 0.1, 0.2, 0.4, 0.8, 1.6 mg-mL""); EB (0, 1, 2, 4, 8, 16 pg-mL""); acrylamide (0, 0.8,
16,32, 6.4, 12.8 mg-mL""); NiCl,(0, 0.03, 0.06, 0.12, 0.24, 0.48 mg-mL™"); malachite green(0, 12.5, 25, 50, 100, 200 pg-mL™").
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Table 1 Genotoxicity of chemical compounds tested by HUGI-yEGFP biosensor and comparison with three other tests

BHURER: HUGI-yEGFP 'YL Bty ¢ Ames {1 480S ik GSALM)
Super-sensitive Yeast HUGI-yEGFP Biosensor °Ames test SOS colorimetric test
RN E=A
Fe/h
oy CHEMIEEME CHEREEME
minimum dose
Compounds cytotoxicity genotoxicity
/(pg-mL™)
U AR 45 4E Mancozeb + + 1 / / /
IR Dimethoate - - / TA100(+S9) - /
2 A
. hR LA
Pesticide - - / - / /
Maleic hydrazide
4)2,4-D - - / / / /
5)2-5 k-4 S FER
} ) + 100 TA98,TA100(+S9) / +
2-amino-4-nitrophenol
6)8-Fr LIk
TAlLJER )8 = N + 40 TA100,TA97(+S9) . -
EN L 8-hydroxyquinoline
Industrial raw 7)JLASE; Catechol + + 40 TA100 - +
materials and 8)NaNO, B R / TA100 + /
fungicides N
N fLAE A%
+ + 125 - / /
Malachite green
N 10)7%4k Z.5¢ EB + + 1 TA98(+S9) +(+59) +
ST Z
1) N T I
Lab reagents + + 6 400 - / /
Acrylamide
B LA 12)DEHP - - / . / /
Food additives 13)% K Ash - - / / / /
14)MnCl, + - / TA102 - /
15)ZnSO, + - / / - /
16)BaCl, + - / / - /
17)V, 05 + - / - / /
18)NaAsO; + - / / - /
F4E 19)Pb(CH, CO0), + - / - - /
Heavy metal 20)Pb(NO;), + - / / - /
21)CuSO, + - / - - /
22)CdCl, + - / - - .
23)CoCl, + - / TA98 - /
24)K, Cr, 0, + - / TA97,TA98,TA100 + /
25)NiCl, + + 120 - - +
P25 W) 26) IR %
- - / TA1535(+S9) - -

Anti-cancer drug Cyclophosphamide

VE .o, MRS PR AR B MR FTCHE B ;> , B DNA $ 45/l Ames test S256 804 i1 http://tools.nichs.nih.gov/cebs3/ui/Fl http://tox-
net.nlm.nih.gov/cgi-bin/sis/htmLgen? GENETOX F/NE# FERAS . A bk N Ames B0 A6 25 0 52 BHPE B kR .4, SOS SZE6K0HE t http://wwwl.
pasteur.fr/recherche/unites/pmtg/toxic/database.iphtmL £ 315

Note: *, + denote positive, - denote negative, / denote none relevant data; °, minimum dose that induces DNA damage; ©, the experimental data of Ames
test obtained from http://tools.niehs.nih.gov/cebs3/ui/ and http://toxnet.nlm.nih.gov/cgi-bin/sis/htmLgen? GENETOX. The listed strains are drug-positive

strains in Ames test. ¢, the experimental data of SOS colorimetric test obtained from http:/www1 pasteur.fr/recherche/unites/pmtg/toxic/database.iphtmL.
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3 EESHLEYESEEE HUGI-EGFP £ R BFEN R A EARENFIXER
T AR FE R R 1 SRR R W 2 A 3, 1 — 2 ) 2 A B 3 A/ B A IR T, 2% b B2 245 0 e 2 43 500 ARARGR B (0 1.2 4,
8.16 pg-mL™);2-% -4 A FFEEN(0.0.1.0.2.04 0.8 1.6 mg-mL™"); 8- 3L M0bk(0,20 .40 . 80,160,320 pg-mL"); JLZEHE(0.0.1.0.2.0.4 0.8,
1.6 mg-mL");EB(0.1.2.4.8.16 pg-mL™"); N4 EEIE(0.0.8.1.6.32.64.12.8 mg-mL™");NiCl,(0.,0.03.0.06 .0.12.,0.24 .0.48 mg-mL"); fL7E £

££(0,12.5.25.50,100 200 pg-mL™),

Fig. 3 Dose-effect relationship between genotoxic compounds and induced expression of green fluorensence
protein of HUGI-yEGFP biosensor

Note: Columns with different filling pattern represent different drug groups.The drug concentrations in each group increase from left to right in turn

and the concentrations are as follows: mancozeb (0,1,2,4,8,16 pg-mL"); 2-amino-4-nitrophenol (0, 0.1, 0.2, 0.4, 0.8, 1.6 mg-mL""); 8-hydroxyquino-
line (0, 20, 40, 80, 160, 320 pg-mL"); catechol (0, 0.1,0.2,04, 0.8, 1.6 mg-mL"); EB (0, 1,2,4,8,16 p,g-mL"); acrylamide (0, 0.8, 1.6, 3.2, 6.4,
12.8 mg-mL"); NiCl,(0, 0.03, 0.06, 0.12, 0.24, 0.48 mg-mL"); malachite green(0, 12.5, 25, 50, 100, 200 pg-mL™").

2.3 BHUREEE; HUGI-yEGEP M W% JBas i 15 5t
AL A 5 A AR A 2R 4 1) b

FEA BT 45 R 5 BUA A ) A I & 58 1Y A
MZERGEAT TXFH, e 1 FoR , AR 3t g
23 FL G IAEBA IR R g2 il ikid , 5 Ames
WM G EZ WM EAR 19 Fi riggs i) —
HA 2GR A 10 B, Hod 4 Fb 5L H 1L A 4 53 )
2 H AR By 8- ¥R Lk LS (EB, 6
i 52 FIVE A A5 9 530 B R Bt . DEHP |V, O, |
Pb(CH,COO0), .CuSO, .CdCl, ; 5 SOS # iR K AH kb
B, EESNAYA 17 F7 RS )R B0 A 12
Fi (A EB R 3R MEFHE 2595 5 GSA 50
AH IS K I S S 25 7 B, Horp U 8- ks
WA P A 000 235 SR AN — B, G ] Ay 5 PR B 1k PR PR 1 24
Yoy il ok 2-5 B4 TSR LS EB SR
T SIARIN RS SR E S HAI S RA B0

L&) NaNO, fLEA % K,Cr,0,, JiH 3 Fifk
BWEA AR GCHAD 3 BRI AR G I BB, X
SeAL S YRR 2.4-D EIK

3 172 ( Discussion)

TR AR S = AL ) U HUG -y EG-
FP RIS RS IR RS 5080, 5L bR
N AT SEaG LA, FRATTXT 26 PP 55T L AT
BUEARSCHYAE A 0 BE R PR R AT T ARSI O 2
8 P A BB W), I H A R 5 A
ARSI R G RN 25 R AT T XS L

AW TN T A 1 Ames 25 SOS i
00 M GSA S5, Hf 5 Ames 15602 4
TR 19 P RS R —BUN 2 A 10 B, 45
RWIE B R 52.63% ;5 SOS AR I A L AL, &
HZiA 17 Fp, e a5 1 —800 A 12 W&
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JE 4 70.59% (024 EB NS EE M 5 GSA
I AH LA K S 250 7 F, b 6 R A
IG5 W4y 85.71% . 45 b, AWFIR 45 5
W T GSA U5, HJF R AT 5 38 AR 2 2 T
TP RE e N T DNA 453473 /55 2 1 J5k PR T o7 (9 4 4
AREA K, [N EB 76 LA E LA TN 2R 58 iR 344 BH
P ABIAIEE WA A 00 Ames 356 M SOS 156
o SO Ab B B LR Sl B AR W A R R I B
HUGI1-yEGFP =& %45 . GSA Kl R 458 A 75 2
X Z IR A P EAT AR IS Ak, D0 R T RS A7 A
ALXF EB AT ARG L Bl

T A I G I 28 G0 % S e Al A WG I 1) 235 SR
AR R G A — BN R 0] BB 5 45 R R 5
G5 JT B R I D5 P R A [ ) 2R G5 i B A0 ) 2
SEAICEE . Ames SZIG AT SOS 156 (1015 - 40 Mo A2
JEAZAE W AN TR, Ames S 56 A6 0 ) 2 41 i 1] 42 58 A%
R R DL B AR S A DA A, T SOS i 818
L8 RNy 770 S A TRV \S T S AR S VI il 9 B
LacZ 5 SOS P (4 SAA)E BhFFl-4 , % K g T
5K X-gal 656, S LA 20 F 19 1) g &
TRIKF- R P B e i D B AR S ™, B LA EAT]
22 [ PG 0 445 S 11 2 S 32 L0 D) kg ARG T I L 1 2
5o T GSA S5 &t T DNA #5475 mi i 5 A
RAD54 FIE ta O R G , A BUSREELE HUGI-
YEGFP = W% 848 10 1 5 240 IR 2 B A% A W e B
HO I T BT DNA 51473 10 17 38 7K S 6 G
JEBE R e AT A G 0 245 5 5 AR AL, BT Ames
KA SOS Jiz 7 B A6 1 45 M 1) 22 57 T RE T 22 M 5%
MAE AL A YA B R Y Z RIE B 08 &2, 1C 0
BEAPUPM AL 25 53X R0 25 5 LA I SR ) 22
S HEOCHE T RESRIR 2 A W i R IR PR A AS 3
M) 2R HUE SR ENFE Ames SEERFI SOS 1t
6 v R G N Ay R PR R B M (A e R e
HUG1-yEGFP A=) % I8 K I v 5 Sy 356 PR 25 42 1)
P, WG AR A YRR n] AR 5 R
VAR R EEEILE] . [FRER TS BT Bk AR
FEXT 4@ R b AR SCERRGE , BERE R A
LR RmEN, KA R X E 4R 2 A
RT3 AT DL B N AT 2 FH A B Rk I B
HUGI1-yEGFP "% 1845 H A 3] NiCl, by 2 H 8
PEBRYE , HAB R E R BAYE . 55— T, TRk R
Z S A AEE LS RS, T LLRRAT T i
DI R U IRORE A S B2 9 S9 X — 24k & M kA7
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