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High-throughput mutagenicity screening of dye Sudan Red

WANG Qi, WANG Yanan, YAN Yujing, SONG Jie, AO Rui, HU Yanping, WEN Hairuo, MA Shuangcheng
National Institutes for Food and Drug Control, Beijing 100050, China

Abstract: Objective To preliminary establish a determination criteria for the results of the Ames fluctuation test microplate reader
and to evaluate the risk of DNA base mutation of the dye Sudan Red I ~ IV. Methods After different concentrations of AF-2 or 2-AA
were applied to Salmonella typhimurium TA98 and TA100, respectively, they were manually identified or read at 492 nm and 623
nm using a microplate reader to establish a positive well determination based on absorbance. A 96-well liquid culture-based bacterial
reversion mutation test was performed using Salmonella typhimurium TA98 and TA100 in the absence or presence of metabolic
activation (-S,). The final concentrations of Sudan I-IV were 0.625, 1.250, 2.500, 5.000 and 10.000 pg/mL, respectively. Results The
results of the microplate reader readings and manual counting results were 98.1% under non-S; metabolic conditions. The microplate
reader readings and colony growth conditions under S, metabolic conditions could not establish a good correlation. Under the
condition of non metabolic activation, the mutagenic effect of Sudan I and IV on TA98 was relatively weak; Sudan I-IV had obvious
mutagenic effect on TA100, and there was a certain concentration correlation. Under the condition of S, metabolic activation, Sudan
IIT had no mutagenic effect on TA98 and TA100; Sudan I had obvious mutagenic effect on both of them at the highest concentration
of 10 pg/mL; when the concentration of Sudan IV was higher than 2.5 pg/mL and the concentration of Sudan II was higher than 5
pug/mL, the mutagenicity of both was significant. Conclusion This study was the first to use the Ames fluctuation test to detect the
risk of genetic mutations in Sudan Red I ~ IV, and for the first time to establish a positive well standard based on absorbance
readings. The absorbance reading can accurately judge the results of the Ames fluctuation test under non-S; metabolic conditions,
laying a foundation for future high-throughput genotoxicity screening of dyes.
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Fig. 1

Colorimetric schematic of a 96-well plate of TA100 strain at 1 ng/mL AF-2 concentration
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NMALE 2k . JERTE LRI T A8 R
TN TS 5 A R 1R 95 P+ 40 R o Bt 4 S
AR T, N T g RN R gk A
R 2) o FRSFLL A I A 4 B K B L (0.625~
10) pug/mL I, BT A ¥ FE 41 K WL TA98 B Ak 1] &2 14 2%
AP ALEC S X R AR B E T R . AP A TR

IV HIH 3 51 8 2.5 F15.0 pug/mL I TA9S I #k 1] 5
P 58 A% B M FL AR S 9 e e B AL L A R 3 T T
1 (P<0.05), HAIRE AN & WEH T %257 i)t
4T I~1V 7E W )9 (2.5~10.0) pg/mL I TA100 B £k
[e] 57 1 A8 BH PR FL AR S P PR IR L A sh o B
TR (P<<0.05.0.01.0.001) , H. 834 B 40 5 [
Xof HEZEL L e R AR LA A B L 2 5 S A b0 wT LR
FH 15 TV 2 RS 10 2644 T 5T TA9S [ B 4%
PEAE FH AR XS 55 5 20 301 A 1 AN R BE 2 BE 1k 5 1 o
ZL I~V EARACHHE A0 254 S 4T TA100 77 7£ B 2. (1)
B AR 5 — T IR AR G
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Table 1 Comparison of manual readings and microplate reader readings of different concentrations of positive agents

without S9 metabolic activation conditions (;:hs,n=4)

s TA98 [P FLE (55 48 L) TA100 PHPEFLE (R 48 11D

s TR PR/ (ng-mL ) NTWEFE  WOCEAl KN TWEAl ORI

1% DMSO — 242 242 5+1 5+1

AF-2 7+0 7+1 541 541

5 9+1 8+1 6+2 5+1

10 20+3 1943 4442 43+1

30 3242 311 943 943

50 0+0 0+0 0+0 00

F2 FESKEFURSTHALI Ames IR L5 R (x5, n=4)
Table 2 Ames Fluctuation Test of Sudan Red without S, metabolic activation (;:Es,n=4)

i3 A/ pgemL ) TA98 I3EI ‘rﬁza‘tﬁz(z{s ?L‘)/ ] TA100 BE T?E‘Liﬁz(z‘ts E‘L‘), i}
N T %) W W2 S P NS W s 5 1
99 14 Xof HE — 1.50+1.50 1.50+1.50 4.25+0.83 4.25+0.83
PivREAN| 0.625 3.25+2.17 4.25+1.09 6.75+1.48 6.75+1.48
1.250 5.25+2.95 5.2542.77 7.75+0.83 7.75+0.83
2.500 5.25+1.92" 5.7540.83 8.50+1.12" 8.00+0.71
5.000 475+3.34 5.50+2.96 9.00+1.58" 7.75+1.30
10.000 6.00+5.10 7.00+4.12 9.7542.59" 9.50+2.96
piSas AN 0.625 4.50+3.57 5.00+3.08 7.25+1.30 7.25+1.30
1.250 4.50+4.03 5.00+3.54 6.50+2.60 6.25+2.38
2.500 4.75+4.32 5.7543.49 9.50+1.66" 9.254+2.05
5.000 5.25+4.82 10.00+1.00 9.25+1.48™ 9.00+1.41
10.000 6.25+5.31 7.50+6.58 14.00+1.22°" 14.00+1.22
piSREARII| 0.625 4.00+1.41 4.75+0.83 5.00+3.08 7.254+3.56
1.250 4.50+1.66 5.00+1.41 6.50+1.12 6.50+1.12
2.500 4.00+3.16 4.50+2.96 9.25+1.64" 9.00+1.22
5.000 5.00+4.61 5.75+4.32 9.50+2.18" 9.00+2.12
10.000 6.00+5.52 6.25+5.26 10.75+1.09™ 10.50+1.12
IV 0.625 3.00+2.24 3.25+2.38 7.00+£1.22 10.75+4.02
1.250 5.00+3.08 6.00+2.55 9.00+2.55" 9.00+2.55
2.500 5.2542.77 5.75+2.28 10.5+2.29" 10.50+2.29
5.000 6.25+2.28" 6.254+2.28 10.5+1.80" 10.50+1.80
10.000 8.00+4.64 7.50+5.22 11.542.06™ 11.25+2.38
AF-2 0.03(TA98)/0.01(TA100) 31.542.06™ 31.542.06 39.2543.27" 39.25+3.27

SR B ZH L8 - P<<0.05 ""P<<0.01 *"P<<0.001
*P<0.05 “P<0.01

P <0.001 vs negative control group
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3.2 SRBHENEHET Ames FEENRAKWLER

S, AL % 1L 2 1F T TA98 15 TA100 43 il 5 £ ik
J N 25.75.125.250.750 ng/mL (] 2-AA /£ 1 72 h
J&i 5 B AL RH 43 (L 22 S AR BN, A T B R4
o2 [ (28 PR BT 0 22t m] LK F B8 B T B
YONPH PSS 5. AR 206 R0 B B IA 45 31, 2-AA 7
IRV EE S R AT A S TA9S A1 TA100 [ 0] 52 5848
FLEE I, FF 50 B RS AR DG o AR B R AL RN 4%
AL B bR A i e 2 S/ (Bl 2 F1R 3D, A
DSt EE S B e R mp e, Lk
SLE S, T N JE 3G 0 T LV URE R R A R
R A AN BUAEAE — S8 R D% . 8 B TR R A
(04 8 . A Tl BAE PR TR Bl #3012 4% AR TR AN 3E B4 A g
B AR, T2 N W H 8 AL B 7 I FLEL

T FHI~TV 5 41 3 A S, 35 [F] 1 F 72 h, 7E 1%
FLHR IR R G B & I3 AL B AL R
Bt % 7R

o TR SIS HORT PR AR U 2% 0 € 2 TG

_,....@@@@..@@

EF B 5 R AR I BUAE X 43, e DL TR B UL %% 45 SR N
#HE(K 4) . TAS Bk 75 FHEL IR IV 45 25 ik P £
2.5~10.0 pg/mL B [2] 57 14 93 4% BH P FL & & 5 9 1
X A L A 2 PR T (P<<0.05.0.01.0.001)
TP TAE MR E 9 10 pg/mL I 0] 551 59 A% B 12 L &k
a5 PR HE A B AT 5 I T i (P<<0.05) , HiAth
WP R WG iE 2 2 5 . TA100 B Ak« A5 PHAL T
VP TAE 5~ 10 pg/mL I [ 5 1 548 5 4 FL &K
5 Y R A b ) B T (P<<0.01) , T3 )
ZL DA TN 9K 2 AE 1.25 F12.50 pg/mL i B 2 3 H &
EVEZE R AR HARECH N T B B 1) 2 £i% .
TRTFLLIV 249K FEAE 2.5~10.0 pg/mL i [|] 5 P 5 48
BH AL B 5 9 ot R 2 b A A B 3 T v (<
0.05.0.01). FIRE RAEIR, 75 FHL L AE S, AR
b 2 At T % TA98 T TA100 2ok WERASEFH . 75
FHUAE S WK BE 10 pg/mL IS5 7 3 245 B 48 1 2
RAMER, 3 FHAL IV I B /R T 2.5 pg/mL. 75 FHA T

OOOOOOEOOOOE
OOOVOOYOOOOOE
OOOOOOOOOOOO
OOOOOOOOOOOE
@@..@@.@....

E2 TA100 %W“ 750 ng/mL 2-AA J&FT 96 ?LWE&@E%T =
Fig.2 Colorimetric schematic of a 96-well plate of TA100 strain at 750 ng/mL 2-AA concentration

£3 S,RETFEUEBETARIRERMER A TIEMER (2
s,n=4)

Table 3 Manual readings different concentrations of

positive agents with S, metabolic activation (;:I:s,n=4)

i3 R/ o AL A (s 48 LD
(ng'mL D TA98 TA100
[{ERERORE — 241 242
2-AA 25 543 8+3
75 10£2 19+4
125 1843 18+5
250 3046 25+10
750 43+5 46+3

W T 5 pg/mL I, 0 P9 B ARE R 3 03
4 g

Ames 50 2 B 4 BB AR B VR %, B
20 20 70 AR A HAVE A AU, AATTHAGE T X0 Hoadk AT
AW AL AT B B . Gatehouse 281 5 ¥ T 1978 14
1 FH I PR 8% 97 3 1) Ames AR BG AL 40 A A 96 R Sy S At
(1) Ames il 2 9% B 4% , A pH 48 78 75 Clan 1R 8 &
Ty W B R Y 55D 11 B 2 — 00 et A
BN RALIES & — NG LI R AKE
L T AT S A R A St AT P VR AR KT
5 BB % pH E B, ACHIF 5548 FH 11 VR 8% A
W FH 2R 0 SN B U pH Y L 6.0~7.6, 1T VR FH Iy
AR 0 i pH A Y0 1 E 5.2~6.8, Rl # 55 # UK.
Al Sz fr TAE s N LW 5+ R 22 . 5O 2
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#=4 SARBLEWIRES T AIVEF 4 Ames 5K 51K 1
4R (x5, n=4)
Table 4 Ames fluctuation test of Sudan Red with S,

metabolic activation by artificial observation (;:ks,n=4)

3 WeRE/ PoH 4 L% (4 48 L)
(ng'mL ") TA98 TA100

[ERER i — 4.05+2.06 5.50+1.12
DiSREAN | 0.625 4.00+0.71 6.50+1.12
1.250 4.75+0.83 8.25+1.09°
2.500 6.50+0.50 9.00+3.08

5.000 9.00+2.74 14.25+2.86"

10.000 15.25+5.80" 15.75+3.03"
PigREAN|| 0.625 5.00+0.71 6.50+1.50
1.250 6.75+3.11 9.00+2.12°

2.500 10.25+2.49° 9.50+1.12"

5.000 15.25+1.79" 11.00+1.87"

10.000 20.25+2.95™" 13.25+2.77"
PP 0.625 4.00+1.41 6.25+0.43
1.250 6.75+2.59 7.50+1.12
2.500 8.00+0.71° 9.25+3.63

5.000 6.00+3.54 8.75+0.83"
10.000 9.75+3.34 9.75+2.59"
IS TV 0.625 4.50+1.12 7.50+1.12
1.250 6.50+3.20 7.25+1.30
2.500 12.5+4.92" 11.75+3.34°

5.000 16.75+4.87" 14.25+3.11"

10.000 19.00+6.75" 15.50+3.35"

2-AA 0.75 47.75+0.43™" 42.25+4.60°

55 A X BE A B " P<<0.05 TP<<0.01 "P<<0.001
‘P<0.05 "P<0.01 ""P<0.001 vs negative control group

BLPRZR 0 0 1 ) W bR A AN VR AT O . R
W 50 B IR AE AR S, A& 6 2% 1 N &L LA (KR
492 #1623 nm M)W FE 2248 >0.20 2 FH 4 L) A
HE o ANEIN S, RIS A R H, %R AE 228 BH 14 71 56 0E
LT S0 98.1% , H AT HER VEAN 1T X 5 7 7510 B
W= A2 T3 00 G 75 PF 20 B i 5 1A 40 B 9% AR 45
o Sy TR B YRR AR T ASE ST P LA [ A L ) P 7 £ 2
SR/ I8 B bR A EOE AT, T e 5 (2-
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