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Preparation of ciprofloxacin-carrier protein conjugation
and identification of its products

HUANG Xuan-yun, HU Kun, FANG Wei, JIN Yi, YANG Xian-le
(Aquatic Pathogen Collection Center of Ministry of Agriculture, Shanghai Ocean
University , Shanghat 200090, China)

Abstract: The conjugation of Ciprofloxacin-bovine serum albumin ( BSA) 1is prepared via carbodiimide
method, whereby the effect of pH, concentration of CIP and EDC to the coupling conjugation ratio is then
assessed. Features of the conjugation, such as base group, molecular weight are then identified byinfrared
spectrometry , ultraviolet spectrometry, polyacrylamide gel electrophoresis and mass spectroscopy. The result of
Orthogonal Test shows that pH is significant to the coupling conjugation ratio of CIP and BSA molecules while
concentrations of carbodiimide and ciprofloxacin are not. The coupling conjugation ratio of BSA will be 30: 1
under conditions that the pH is 5. 0, and concentration of carbodiimide and ciprofloxacin is respectively 60
mg/mL and 5 mg/mL under which conditions the coupling reaction works successfully. This method is easily
applicable to conjugate CIP and BSA.
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ANEMEBEHOLA=F, T CIP K™= R EANMUE RN T A DAL MAY Ee 53T
HATEE, BB T REFEARESMH O RS . BT CIP E4F R AEA" . FH%
e IR E R RIE T EA K P G FP B 255 8, B R PO R R R S — Rt s
TN HATR ML AIE . CIP 8/ TEYME S WIE PR, R S R T e S e I e
RAH RS KO FRERE B 58 S PUR, 7 BRI = A N RO BN F RS K 5
TRAEINEQRS) BB EH S 4Y I MG N, E—ERBEN, BIRE S ILRRE, A
AR . 0 TR R S rER sk, DR FEa & ME R AR 5%, BRE RS B = H 18
BREh A HU R BB M B IR A & 8 (LB FHURMRHE S A E R , R R = [
Ko

H TR R R R A SE PR, A5 30K CIP £ 518 58 B AT T RBREE , BB A Rt
77004, PN TEBEREN R R . RRERALIMNEE (IR) (EINEE(UV) i mR -8
P BERR BEC L 7K (SDS-PAGE ) 5 ( MASS ) 2 FBOX i & B ER Wy 24T 1 4858 , At — 2B ST S g
FITER CIP ZE/K 7= SR B B e 1 PR AL

I RPR ik

1.1 A48 A0

UNICAN %8513 565611 ; Magna — IR™ spectrometer 750 BIZT SR 684X ; Agilent 1100 hp LCQ DECA
i 1E4Y ; Bio-Rad powerpac300 B Ha 3k (X ; UVP ca91786 AU EE M iR 2 5t ; SAVANT Novalyphe-NL150 #U
Y& U5 T 184 ; Eppendorf centrifuge 5417R B0,

CIP, & & =98.5% , 14 B WL EH 25 F FRA & ; 4 175 % H (bovine serum album, fij#k BSA) 3T
HeZE 1 W)\ B ; 2k — P % ( 1-Ethl-3 carbodiimide methiodide, f&i#% EDC) , #iEF =99.3% , 4 B L5 4E
KM KRERA R Kbl HWF EEEAFRAA,

BEPR 2 M (PBS) .8 g NaCl,0.2 g KC1.1.44 ¢ Na,HPO, #10.24 ¢ K,HPO, , FIZ&IB/KELXZE 1 L,

TEiAE A 0. 1% R EBR/KES W I BhAH B K 0. 1% R Z BV
1.2 {BERFEMAMILIL
1.2.1 BEAE

SR B — T B ( carbodiimide ) 12 ° o, #f BSA WM@7E PBS 1,23 BIhn A DEC H1 CIP, 765& 249 pH T,
FERPINL 2 h, FABHrEEH  PBS hifET 2 d, B R#E 1 K. BEYRHTIRE, -20 CHREEM,
IHARERYEAHE CIP-BSA, S RUERILE 1,

1.2.2 {BEKEERIIE

KL RN B B Y BB L A D . BB I CIP-BSA 7 B 3 — & ik i,
250 ~400 nm FHATEESMTH, DL CIP-BSA HYFFAEIE 280 nm, 857 CIP 1 BSA KR IAE — ¥k B #m v
2 5 5¢ CIP-BSA 1 CIP B9k, HEAR:

ity = (CIP ¥ /CIP 4y F &)
HES T (BSA M E/BSA A FE)

Hrr CIP i B #2204 mg/mL,BSA B B4 mg/mL,
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0 NHR,

o

0

0 C-0-C—NHR 0 & _\u.
F COOH F & ~NHR, F C-NH-BSA 0
(_Nm + R-N=C=N-R, —»{_Nm ST Nm + RI—NH—C”—NH—Rz
CIP EDC cu, CIP-BSA
R-N=C=N-R, % :HCHC-N=C=N-(CH),~N - HCL
AN
CH,
K1 CIP-BSA &R
Fig. 1 The conjugates of CIP-BSA

1.2.3 BEREFHNERRR

i€ pH.EDC Fi& 1 CIP F&H 3 MEWE F1 L(#)ARSKE
=, GMHEEHRR 4 NKEHATIERRE eHE Tab.1 The factors and levels of L, (4°)
BAEBBAAT o AT Lie () EZTRE, EXABE i 0 50C i (m/ml)  CIP Vel (mp/ml)
ERAFERILE L, DEAZLIH CIP 5 BSA R — 1 5 10 1
AN S E, BT Z" M EEg 2 6 20 2
AHER(CIP SEARSTRGE W) &5 F o .
TR YR AR IR A & CIP-BSA fREXY)
1.4 {HERYHEE
1.4.1 IR¥%%E

K R THR)E , B 0.2 mg BEG, IMA T ## KBr 200 mg, & THHGA T, TELTHNE BB T 0F

B RS, B ERHA 15 vinch T 10 min, H#8EEEH 1 mm BB BFES &, LALLR,
1.4.2 UV ¥EE

Fi PBS EC il BSA 1 CIP FIARUHES K, ¥ — E BNV BB T PBS o1, A PBS JHF ., 7Ei
1< 250 nm %] 400 nm Z[A], X FRAE R AR FEATRIMAT , SR 1. 2.2 TFETERKEE,
1.4.3 SDS-PAGE ¥X7F

R A ¥ #L SDS-PAGE Jri:!"™,
1.4.4 MASS ¥7E

FEELIE THER, B 10 wL g0, EiBEM ABEBERN 0 ~5 min FEEIAE A: JisIHH B =95:5;5 ~ 17 min
VAl A JishAH B A 9515 SJEEAE E 5:95;17 ~ 20 min JEBIAH A: JSIAH B ML 5:95 S AL E 95:5;
20 ~30 minJRBIAH A: JiBhHH B =95:5, JiEE 0.2 mL/min, iR E 25 C, %4 ; Agilent Zorbax 300SB-C18
(2.1 x150 mm) ,

2 4

2.1 fEERAAL

CIP-BSA Lys(4°) EACIRI BT 038 20 MRIEW AN 78 3 /MRFe N o pH % CIP-BSA {HBEK
BB, CIP WREER IR 2 EDC WREZ BN, F ISR 3, pH.EDC FI CIP iy HY F
{E4}5129 7. 66.2. 13 F1 3.46, Foft pH HA BF W25, EDC M CIP IR LB EHE R, RIE K
{8, 35852 CIP 5 BSA {RERHIMLALA 49 : pH 5. 0,EDC ¥R 60 mg/mL A1 CIP ¥ 5 mg/mL. KHE
BARER AT , il CIP-BSA {BEK4Y , 15 BMBBCY BRI 5 L% K 300 1,
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F2 L (4)EXFI
Tab.2 The orthogonal design of L, (4°)

=
a0t = = — By
1 1 1 1 6.64
2 1 2 2 9.28
3 1 3 3 15.85
4 1 4 4 21.21
5 2 1 2 6.13
6 2 2 3 7.89
7 2 3 4 9.55
8 2 4 1 5.62
9 3 1 3 6.35
10 3 2 4 7.31
11 3 3 1 5.78
12 3 4 2 6.01
13 4 1 4 4.89
14 4 2 1 4.29
15 4 3 2 5.69
16 4 4 3 7.29
K, 52.98 24.01 22.34 T=129.78
K, 29.19 28.77 27.11 T? = 16842.36
K, 25.44 36.86 37.37 C= T?/16 =1052. 648
K, 22.16 40.13 42.96
H2E(R) 30.82 16.12 20.62
K2 +K,% +K;2 +K,2 4797.87 4373.72 4475.99
K 7KF | SEEH A BIR LR ;K K K, i
K3 L (4 )HF AR
Tab.3 F test of L, (4°)
TR IR S5 B B FiE
pH 146. 82 3 48.94 7.66*
EDC 40.78 3 13.59 2.13
CIP 66.35 3 22.11 3.46
iRE 38.34 6 6.39

B 292.29 15
T = (K2 +K? + K2 + K 2) /4 - C; Fogsiaey =4-757;5 Fogiaey =9.780; # HBEHER

2.2 BEYHEE
2.2.1 IR¥%E

CIP.BSA #1 CIP-BSA % IR i E a0 & 2, ¥ CIP-BSA 1 IR 5 BSA @ IR #HEL #, B PL7E
3300 ~3 500 em ™' FI 1 550 em ™' BT HEE N-H A48 R 30 F1 25 ol 3% 3 , K01 il & O 1R B4 75 BSA
TFAE. F¥ CIP-BSA § IR 5 CIP f IR A HL3R, K BIZE 2 500 cm ™' 4b B S5 E AHAR A 26 Wk A &0
WM AR BN, T 2F MIEE B IR FEE oI, FIBTZE 1 650 em ™' Abth Y BLAR BR 2 A 9k 3h R 1E
U, X FRBH i A& R4 R CIP 91FFE, #RILAT LAUERR CIP 5 BSA fBERAZY .
2.2.2 UV&E

CIP .BSA il CIP-BSA UV HH5E W& 3, BSA f & K R Uil 7E 280 nm, CIP f £ o W% I 14 7
270 nm, CIP-BSA HyE K RIKIETE 275 nm, LA LAHERT CIP 5 BSA fREXRLT), H CIP 5 BSA #{HHEk
ELE 2 30: 1,
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B2 CIP, BSA and CIP-BSA 44N HGik
Fig.2 Infrared spectrum of CIP, BSA and CIP-BSA

2.2.3 SDS-PAGE ¥%

SDS-PAGE % 45 R UL 4, BSA £ ik HE R
KT CIP-BSA B R TBWES, N
CIP-BSABERM I 438 KT BSA, AIMIER] CIP 5§
BSA B &M IEEK; FIl FLIMEER BB R KT
4y TR, BSA 43 F 80 6. 62 x 10*, CIP-BSA )
DFELANT.71 x10°,CIP 55 BSA MBEL LR LN
33:1,

2.2.4 MASS &%
BSA J5i i B Q1 & 5-a, BSA W4 T &I E N
6.64 x 10, CIP-BSA (BB FiE & tn & 5-b, ErApa]
WMELE| i+ FRA T8 228 ME T THEY. Wi
BSA oo CIP 2 B AT LU A B R,
), BER LR 361 1, 5 EiR e 25 REAMF .
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Fig.3 ultraviolet spectrum of CIP, BSA and CIP-BSA
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Fig. 4 electropherogram of SDS-PAGE for CIP-BSA
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Fig.5 Mass-spectrogram of CIP-BSA
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3.1 CIP-BSA BB 4 &
N FEPUR (GRE 4 FE/NVF 5000) 38 372

S5 S5RATY R (NEAE AR BREUE S A
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AN SEI AR AR BR I R B R AT LIRS 2 B R s 1L, A AR TR E
FEHRAEE, REFSFEONERES AN, K CIP F#5] BSA L,

B — W vk 1 45 CIP-BSA ML SC6 25 SRR U] pH XMBBK N MR K, B R ERER, K
RIRE RN EDC B /KB WAL, ZE BB A B P HoR M PO R T SR E P AR
TR H R HSUR . R E BRI A ik 2R 81 A h « (B I SR B A1 S FR 8 (4
pH) CEHR S S5{RB R N W EE /R B BB L RN EE R E ; 757 H-CONH-AI 31 JF =+ pH i 1314
FIERFAEREA R EEE B LR, XA LIS R 4L T AR,

ANEFHEEHR,CIP TR EA SEMRE, KB L5 BSA 1R -2 &, XAl A
BSA FRAEIRK B-RE FEBRM v-REF MR RE, B, RAA/ERN B+ R8RS, CIP
WEXT CIP-BSA {BEXZS & LR A ST EDC AN

3.2 CIP-BSA {8EEYIRIEE

¥ BB K TR AR AN P g sh it ¢ a3k (40 SDS-PAGE) 1T [l {i
Ern R Gk, B, SAMMOEE R E LR BB G MERY P R G R K
56 SN TR RE AR B SRR 75 AR , 3 AT DIMIRHR B AR R 6 R AE BT (BB S & LR MG ik A
MR B8 B B0 8 RSl (B B SIS 75 A3, 38 T+ CIP \BSA S S8 AT AMEHIE TR i e 25 55 1 B 1188 BB L
I3 ; SDS-PAGE {£ K HE A F R FER, S IZ N S @B KL E S Bl TR R §ES
FEZ MR % , SDS-PAGE &4 T4 BB A LR W R BB R I ; A RAFICERRABES, BHR
AN AR MR K BB TR B B FR 22 MASS % 4 S —Fh 8 o B W0 B R ) 5 3 3@ oo 01 5
(BB 4 F B FEHIE MR PMF, BB X8 56 B2 R #EAT HER B9 78 HE A0 E B 40 #7 , B B . R R S
ELOREFEERNATEKYLENHENLEE T EZ —. WM, 76 E 40 E 4% B 3K ( capillary
electrophoresis , #iFk CE) P a4y — Ffr 5 2 ) 46 I T B 25 A% 15 e i I 07 1 17 P B (B B i i 4 =2
H
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