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Abstract

Chloramphenicol (CAP) is a kind of broad-spectrum antibiotics, but the
potential toxicity of the human body can cause serious side effects. CAP will
inhibit bone marrow hematopoiesis function, and then cause anemia,
septicemia and drug resistance. Therefore, CAP is banned to add in the
foodstuffs of poultry and can’t be found in food. Instead, florfenicol (FF) is a
legal antibiotics, which structure is similar to CAP, and it will not cause side
effects mentioned above. Due to the cost of florfenicol is 50 times more than
that of CAP, some unscrupulous businessmen still use of CAP illegally. In
order to avoid abuse of antibiotics and to ensure food safety, we should inspect

livestock feed regularly.

The existing method of detecting CAP is too cumbersome and time
consuming. This study developed a fluorescence quenching method, which is a
fast and simple method to measure CAP. It can be used for fast screening CAP
of livestock feed. This method is benefit for ensuring food safety and

controlling of the abuse of antibiotics.
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Disodium hydrogen phosphate

B L R
Dulbecco’s phosphate buffered saline (PBS) SIGMA
Chloramphenicol SIGMA
Florfenicol SIGMA
Potassium Chloride SHOWA
SHOWA

Sodium dihydrogen phosphate, monohydrate
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Calcium Chloride Anhydrous

Ethanol absolute PANREAC
Zinc Chloride SIGMA
Copper(1I) Chloride 2-hydrate KATAYAMA
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ik 2 N-GQD § kP LT S ) I AHAR B RBEE TS
PR AFHF R Y KCHFLgir > Do g A kR 7l HN-
GQD % CAP B A # 7 (% » %43 CAP i3 & N-GQD ¥ %33 1t b s 58 -
d Bl 14 A% S5 Farize 24 kR A KC i 2 2 ik 525 ANOVA
AYris P E<0.05 BT A PR RGARHIER S EFHFLRE D mERS

A Gl E B 0 0.01M B pE A b ek R o

BERELB(%)
& & &

N
o
1

=
o
1

0.01M 0.1M
KCIE & (pH=6 PB buffer)

14 7k kA& KCI$f N-GQD ¥ % :55¢ 1t bj2 B % » 0.1mg/mL CAP # N-GQD £
7 kR KCEE o 1% 280nm jgeg i R] 445nm 2 Azt ok
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3-29 N-GQD 2 & CAP&itixt2 g
wd Boif it 0E iR R i 2 -pH=6 0.01M KCI #4pis % #7%3 7% » %8 % CAP ik
B e 0 FIFg et bl 38350 ¥ (3558 00 G5 4c) > 4o ] 15(A)
Hcdi? CAP LR # B 5 0.1~0.025mg/mL > % - {2 B % > R*=0.9965 - 4

Bl 15(B) - i B4&*2 0.0012mg/mL (¢ * 3Sb/m) > 5 5 1.2 ppm -

(A)

09{ ®

0.8 A ®

0.7 A Y

0.6 - °

0.5 - ®
0.4 -
0.3 -
0.2 -
0.1 -

0 T T T T T T 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

CAPE[E (mg/ml)

F/F,

(B)

0.9 -
os 4 0 e °

074 T

064 T ®
05 -
04 -
03 -

F/F,

y =-10.053x + 0.9442
R? = 0.9965

0.2 A

0 T T T T T T 1
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

CAP EAFE (mg/ml)

B 15 (A) CAP ik & %t N-GQD ¥ 53 B (F/Fo)~ B % (B) N-GQD %8 CAP 2 f& o #
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3-3CAP 2 N-GQD ¥ ki3 7% 84353
3-31 3 ¥ %% F(N-GQD)Fr & # % (Chloramphenicol, CAP)F £ %

3 AT
P BRI 100 N-GQD 4e iRl o B 2 & % X W 0 L F FirlfE e
ERK A A LHET 2B ML 27 N-GQD &2 FRE SFF 1-1 F% o F
AP TEET r-m % > N-GQD g3 dar £ 0 i i B0 o ¥ ki
EEREREAME > P LB ELEFRFIERNR < 5 ARAEP B o & A
FHATEI2ZSERI6KT ¥ L LHR I A EF CAPEAR 7 7 B R

Fegp 4 o P F CEIRR ST X2 - (T 4 AR o

700 -

600 1 CAP & & (mg/mL)
0.0125

325 375 425 475 525 575 625 675 725

B (nm)

B 16 N-GQD 4r # Ik & CAP 2_ % % k3§ B - 0.1mg/mL N-GQD in pH=6 0.01M KCI %
R e A 0 1 280nm R o erE 2 kL E]
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3-3.2 #HF3t ¥ £+ F(N-GQD)4r# # % (Chloramphenicol, CAP)® &7 3 ¥ %
* & £ #®# (fluorescence resonance energy transfer » FRET)

Vi v feBE Y5 N-GQD e k3 545k 23 Bl 22 (5 iRl dr 2o s e LW 0 £ 7 4P
TEH2Z RG> £ N-GOQD & Fpl# &F 5 ¥ kL ko 28 o Bl 17 777 >
N-GQD e k3 4k 5 Bl 22 CAP 2 gk Bip T £l £ R d ) > A
EM445nm & » CAP ek g it { 48370 0> 2P CAP & & ki3 a4 v i 1

PEF LR R TR o

1400
1200
1000

800 M
#©

S
600 == CAP abs.
==fe=N-GQD Emission

400

200

200 300 400 500 600 700
M (nm)

B 17 CAP s 4 - 33 8] (m) 22 N-GQD 12 s i £ 280nm #717 2 % & & 3% B](A)>0.1mg/mL
CAP 2 vy 3 B2 0.1mg/mL N-GQD - 1% 280nm jczf - #7187 2. % & L @)
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3-33  #Fit¥ £+ F(N-GQD)4r# #& % (Chloramphenicol, CAP)F &_%

B 18 = N-GQD £2 CAP z_ v gk E > = —‘F%;E & s eI, B 0 Y
Tcurvel+curve? | %1 ;5 F % N-GQD 4 CAP R & F {8 #1ip| I s fT i@ » 14
"N-GQD+CAP # 5% & | % 7 ©

¥ 12 I A 280nm & " N-GQD+CAP 4 2% & | -] »* Tcurvel+curve2 |- #%

¥ P CAP 1% = N-GQD # k3 7 28 > 5] & 280nm (CAP = jz g & * i) PF

CAP sk w3z 17, #]pt N-GQD 2 CAP P ing H i (8% 4 54 o

6 -
5 -
4 _
curvel+ curve2
73 oy LX)
23 K ¥ e N-GQD+CAP BB (K
5 \. 1\ = «N-GQD-curvel
! X \"-. == == CAP-curve2
\ LJRN
" A
. St
\ .'...'"
0 S T —
200 300 400 500 600 700
K (nm)

B 18 N-GQD ¥ CAP 2wk 3% Bl & B] - 0.1mg/mL N-GQD ¥ 0.1mg/mL CAP i %] £2 ;8

L 18 2o BTk 3 )
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3-34 ¥ ¥ %4 F(N-GQD)4-# #k# (Chloramphenicol, CAP) 5 ¥

g A S PP B -

0 H okt v 4R CAP i & N-GQD & ki%)d ¥ 2E%] % -7 (5% ~ ¥ £ &
=i B#H > * N-GQD 7 LUMO % -1.8eV » HOMO % -5.15eV ; CAP
LUMO 3 -2.34eV » HOMO 3 -7.27eV » g7 ¥ 4 ig T = 45 i1¥ i f «

N-GQD ¢ CAP ¥ it 15 ek Mt phdg el (% o 57 f P S0 ie s > ¢
REEE R A Ao dm R U s eniT o a0 CAP ¢ & N-GQD ¥ ki@ cut
R LR RS AL L & 20 BLE E: % ALESEE L EINe7. R
* N-GQD # ki@ et 5] 13 B 19 F s % 9777 » NERRE 95 BFEEA
W ANOVA & 47 » P e [ >0 005 3P LB AT EF HFAL R L 54
% @ paired t-test @A 45 > W 25°C 22 60°C P R A B F A B cho 3P 1 BB AL
R AE* 4 Ty ¥ E AT > CAP 2 & N-GQD % %
ROV GIE R - 4B AT o BR B BIFIEH R0 TR B A SRR M
P F 2o 730°C % » N-GQD & CAP FFex 27 gifg (7% i | 532 82 ) i o
AR E R o

F 5 Seqtir] CAP i & N-GQD # %5 7 iv RgFd oot I shmidg & v vig

fE% M HEIk o

70 A
0 - [
i 1
50 : : 8
= B aa| i E:i fu]
S = 811 = O = P53
= 40 1 7 =l e ] e
R | 1 1 e O =0
i 2| E-4l o I | ' I 1=
= 30 ‘ = B el FIf o fu]
‘t’ﬂ‘ | = = el FIf w - m40/E
5 S ] g =
20 - L e R R B e LS
==l E g e CEE o T ol [ =
o o TN 3 O e .
aim=- G BRI GEIE EE R e =eo
Ri:m ] i = E| " E-{E e = ] Il e =i =
0 JHE if-f A m]  Ef O 50 o 0 251 5 o 55 [u]
0.004 0.008 0.017 0.025 0.033 0.050 0.067
CAPEJE (mg/ml)

B 19 F & ¥ CAP %= N-GQD 2 B @ > 0.1mg/mL N-GQD £ % JE & CAP &7 i}
BT oo I 280nm g o R 445nm 2. 2 bk
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3-4 R EE SRR AIEZ R
3-41  #FitF 13 A N-GQD ¥ % chfi

CAPihE B sl Lenf e fee fig ~ P~ c ... 5 4 Wi H 452, %
AT PSR P EATRE = B 1A BB B R 2R Y R
PR R o

B 20 ‘& % 857 > ¢ fhe fige o FEYHAE 2 Eoif 1 A7 * 2 pH=6 0.01M KClI
BARL S R ey K MIFFFE 0%+ > BFC L i i ialE & N-
GQD z "kia M sk seip 13 & > €1 A 32 % o ¥ FICAP %2 i3 3R
XX TEWBEDATZ AT R B R AP A RS BPorF R

PEECH F Bde (5 7 ¢ PR E B A7 4c 2 CAP -

100 A
80 A

60 A

F/Fo (%)

40 A

20 A

EA MeOH EtOH

HHRER

B 20 7 Ip 1853 %05 2 B 1 2 5 Bep Ak adE S (FIR)2 M 2B F & 4 N-GQD
Bt R A ¥ kA 0 Fo it & N-GQD 7 pH=6 0.01M KCI #hft 5 7% & @ h
¥k
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PERELB(%)

3-42  FiAGEP H W > N-GQD ¥ %k ehffs 5

SRR AL SR M X Ligpaedl > & R st AP 2 120 ppm ZnCl
30 ppm CuClz ~ 0.8% CaClz > wsr4F 3t izt = (> E_F ¢ ot i 5 id p] CAP i@ =
B

Bl 21> = vdpgdeb o 22 bt ek R 2 N-GQD R & > S5k &
ZnCly ~ CaClo F Jis it % £ M 4e e it b 5 f B 3 222 CuCl & 18 % &
ﬁ?ﬂmpﬁﬁﬁﬁﬁ%i%¥’§%ﬁg%¢’4%{jﬁﬁm@%i°$ﬂ
BeZnsCa g i@ ¥ kA5 0 Cu €6 ¥ %855 5 ¥ A dET # N-GQD i 7

TR PR SRR B AT

55 -

35 A

25 A

-5 4 CAP CuClI2

FER N EY)

Bl 21 & p = >4 N-GQD ¥ k3= 2 B (5@ > & 4 k& 5 CAP:33ppm ~ ZnCl,:133
ppm ~ CuCl>:33 ppm ~ CaCl»:1.2%
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3-43  HFHRFHRS(R A% LIRAF)F 4 CAP S inFew o F

(recovery)

22 5 i 4ok CAP 2 4P 5 P0ip L T i3 47 “7 19 2. CAP sk B4 "E %
CAP E B 3 e > FIFo eint G 388 P8 (G558 00 B3 4e) » & — SR
R?=0.9996 - 4- ] 22 - 4% 4 F 5 0.02~0.0025mg/mL > # ip|4& ¥ &
0.0018mg/mL (i¢ * 3Sb/m) > ¥ 5 1.8 ppm -

BRLAL Y ke 57 R S CAP R & L E B~ 24T Rt 0SB
FRBEF B2 7F T R E N Bew e F A w5 97.140.2% -

102.6+0.2% (% 3) -

12 -
1 ®-.... @-......
ceeeen. @eeeennn..... ®-...
o8 4 @ )
206 y =-9.4933x + 0.9999
w R2=0.9996
04
0.2
0 T T T T 1
0 0.005 0.01. 0.015 0.02 0.025
CAP A& (mg/ml)

B 22 % 4 25 F 2 4F (matrix modification)#7{¥ 2. CAP f& i & 4

%30 & S APRLP S b2 CAP R R 82w fo sk M 4 )

CAP # & 7 £(mg) |[B#F# & CAP 7 ¥ (mg) Recovery(%)
0.5 0.513+0.001 102.6+0.2
1 0.971+0.002 97.1+0.2
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3-44 317 FANOR FRSOLPH)F 4 CAP 8 ehFBow jo

(recovery) - N-GQD ;3 *t 0.01M pH=6 2_ B4 ¥ 7% %

N-GQD ** 0.0IM pH=6 2 it =3 % @ ¥ X R A E  B23 527 F
AL HEF R S~ DI AmE LI R SRR SRR R R
‘v CAP 2 4l 5P A A T ig 45 118 2. CAP ehig B4 » 7 11 TISE ¥ CAP
DB R B 4 0 FIFg ennt 4 38 BT 0 (R 0L G e) 0 & - SR % o 5 ANOVA
AT B w AR E P 0 P<O.05 P F - AR iRl F Y R
beiE Afa- iERE M o

G P ¢ 0 CAP g d L R e vt S (Bisie vt 51>0 )3t B recovery

# B 5 94~110.7% » -2 4 #F7m ©

12 -
1 \
y =-16.035x + 1.1132
0.8 1 R? = 0.9891
2 06
S~ T L
. y=-9.4881x + 09788 & LM
0.4 - R?=0.9977 FERCR LLIZE
RN
02 - .
PR N
0 : : : : . —— ENE N
0 0.005 0.01 0.015 0.02 0.025

CAPEFE (mg/mL)

) 23 N-GQD i * 0.01M pH=6 2_ Bifis & B3 % - = 847417 4 4 7 1 4F (Matrix
modification) #7{¥ z2_ CAP &1t # 4%
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# 4 N-GQD 7% ** 0.01M pH=6 2 #ipe 5 b3 % - 7 Fe fEAR 2 APPSR I 4o i e 2

CAP & 953+ § 2. % o

DN
CAP IR pm) | Q (%)  [#EH CAP =% (ppm) |Recovery (%)
7.5 0.78% 7.5 100%
10| 5.89% 10.7 107%
15| 11.95% 14.5 96.7%
[ R/ N
CAP AN pm) | Q (%)  |HER CAP JREE(ppm) |Recovery (%)
5| 1.19% 4.9 98%
1.5 4.65% 8.1 108%
10 6.04% 9.4 94%
15| 12.02% 15 100%
20| 17.43% 20.1 100.5%
BN
CAP /IR pm) | Q (%)  |HER CAP JRE(ppm) |Recovery (%)
5| 7.05% 5.2 104%
1.5 9.14% 7.4 98.7%
10| 11.68% 10.1 101%
15| 15.93% 14.6 97.3%
20| 21.38% 20.3 101.5%
tEE/NEE
CAP A IIREEpm) | Q%)  |HER CAP R (ppm) |Recovery (%)
10 3.49% 10.6 110.7%
15 9.75% 14.2 94.7%
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3-45 37 kAT FRE PR 45 CAP S g By
(recovery) - N-GQD ;3 ** 0.1M pH=6 2. NaHCO3 3 #% /%
7327 7 13T # N-GQD ¥ * chfg 2 1245347 12 17 50 N-GQD *+ 0.1M
PH=6 2. NaHCO3 % 7% i ¥ fE T Bt o 12 F 8- N-GQD 3 ** 4 A % ¥ #AE F

Hemipl %> H CAPER & FlFo2 MU M %5 & @ % 0.01IM 2 Bk 773 5% %

W=

Gk P AW PR R B SR o Boif 1t E @ % 9% N-GQD i3 * 0.01M pH=6 2 &%

PN SIS
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Yr ¥~ B

‘$

AR 7 1% N-GQD ¥ ks B dpld #hE > R ARFAE
280nm PF4e » & #E € 3 % N-GQD # ki3 chil § » ¥ 43 bl & 445nm pF
ARt bR 0 T R & R - 2 N-GQD 22 CAP [ ehai® ¥ g5 ki 7]
4e » CAP {5 N-GQD s R isim it GISE F R R e gm & - &34 5 0 e s
B(25°C)% B % # (60°C)ed Skt £ B L MFLE e BARF > =
B R0 ~ BRI TEH B 4r R R K SRR B4 > B TEF RD 5 WP T N-
GQD ¥ CAP B ¥ it Ir PF i3 s ' 2 i dg i * @ 3¢ N-GQD # k%= -

EE R RS L0 SRR R E e M Y AT 7R
Fik WFORG R AR - o Y IR e e iR R
B 5 4 ¥ AZiE 1000 ppm v & #E 5 - fEA E o @ ENRFR SRR P kAT
1% & 0 0 N-GQD #plert ¢ & ok 2 i 1 5 # 5 % 4 pH=60.01M
KCI erglh i 5 7% % » U4 §) 0.02~0.0025mg/mL » i ipl4& ¥ & 1.8 ppm -
wole i 97~102% - R E R R F L FRE B~ g is TV E #8 N-GQD £
o FFRAF T IR o FE M E BRI RE AN £ RS s RE A

¥ e
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