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Liu Lin'? Yin Lihong'?, Liu Hui'?, Xu Liang'?, Yang
Wengian', Xu Chunyu'

(!School of Public Hedlth,’Key Laboratory of Environmental Medicine Engineering, Ministry of Education,
fiangsu Key Laboratory for Biomaterials and Devices, Southeast University, Nanjing 210009, China)

Zhang Xiaoqgiang'? *, Zhang Yu®, Pu Yuepu'?’
g quang” -, g P

b b

[Abstract] Objective:To conjugate anti-EMMPRIN monoclonal antibody on the surface of carboxyl-SPIO nanoparticles. The
efficiency of superparamagnetic iron oxide (SPIO) conjugated with anti-EMMPRIN monoclonal antibody and the size of anti-
EMMPRIN-SPIO were investigated in different pH values. Methods: Anti-EMMPRIN monoclonal antibody conjugated SPIO
nanoparticles were performed through a coupling strategy of EDC and sulfo-NHS. Bradford assay and SDS-PAGE analysis were used
for measuring the conjugation efficiency. The size of anti-EMMPRIN-SPIO was evaluated by dynamic light scattering method. Results:
The smallest diameter of 63.15 nm was obtained when pH 7.8 was used. The lower concentration of antibody in supernatant with
pH6.8 and pH7.3 was 1.943 2 x 10~ ¢/L and 3.511 1 x 10™ g/L, respectively. Anti-EMMPRIN mAb was detected in lanes of
pH6.8, pH7.3 and pH7.8 which revealed two bands with weight of 55 000 and 25 000. Conclusion: EDC/sulfo-NHS method is an
efficient method for conjugating anti-EMMPRIN monoclonal antibody on SPIO nanoparticles. Under the amidation condition with pH
value of 6.8, 7.3 and 7.8, higher conjugation efficiency and smaller size of anti-EMMPRIN-SPIO were obtained. The results showed
that pH value is a very important factor which influences conjugation efficiency and the size of anti-EMMPRIN-SPIO.
[Key words] EDC/sulfo-NHS;SPIO ; anti-EMMPRIN monoclonal antibody ;conjugation

[Acta Univ Med Nanjing, 2013, 33(4): 480-484]

(E£MBE] VLA EYMES S FE S LR SIS (2012LBMDOS ) 5 P45 P52 TR 208 # H 00 5 00 = I iR 43
(2012EMEO005)
115 1E# (Corresponding author) , E-mail ; zhangxq7843@yahoo.com.cn



5 33 55 4 0]
2013 4% 4 1

X HEAE 3T EDC/sulfo-NHS (3L SPIO T 4K EK . 481 -

R T s 1 AR AL 2R 0 K S8R (superparamagnetic
iron oxide, SPIO) J&F5 HAT 0w 7 14 B A AL R A K
BiF AR AT BRI TESMInRE A VE R ]
Bt AT A e R Bl B R A S RO E R AT
YEM: , SPIO R AT A&, S5 AN R A A2 40 o sl g |
Piik DNA EEY Ko T-45 A B A M, 5
AR RN & A A B0 ) PR A e
ST N T A T AifE AT AR )
FE2 AR IR REARISUR S5 A Y B2 R

41 B S0 5T 4 JE 2R I S 5 Y T (extracellular
matrix metalloprotease inducer, EMMPRIN) & —F}
PSR 1, R R R R 2 —19 7]
%S H 4 8 H A (matrixmetalloproteinase,
MMP) [RERL, A E s 4 i AL A5, i
EMMPRIN 7E 53 248 i 2 1 s 22 ik, WiOH e Rt
& anti-EMMPRIN 5 SPIO # B4 i Y anti-EMM-
PRIN-SPIO 24 K AR 41 AT ey 250 by 500 o) 3] e 2 440 i =
1l DIRERET N FHROR B2 BIPUARTERETE 9K
T2 T RBIDE SR FIRAR AR AL ) 5 57

AR SR AR 2E RIS 1-(3- — F &L 3L ) -3
IR W BieER R ER (EDC) Fll N— ¥ B 1 35 Fr Mk
% (sulfo-NHS) ¥4 anti-EMMPRIN Bf v g (A RR I
FFRFLAL SPIO HOKFL 3R, T A pH 4%}
EDC/sulfo-NHS B #EIR SR A AR KM, i i
Bradford 11 SDS-PAGE Xt Fl ISR HEATITAY | I
A S CHUNERIFEE S 2 Y anti-EMMPRIN-
SPIO Rif , A AR — ) I R FE 4T T SEA

1 HRET®

1.1 ##

anti-EMMPRIN F8. 50 [ HTiA (32 [ Santa Cruz 22
] ) 3 N= 2 SEGEA 3 HAE W1 (sulfo-NHS, 3 ¥ Sig-
ma-Aldrich 23] ) ;1-(3- “H & IEH L) -3- 2k
T iER R £R (EDC, 26 [ Sigma-Aldrich A #)) ; 88
B4k SPIO GKbi ¥ (R KRR SR
2R ; Bradford & I AF & (P Pl A4
YR R A BRA W) s H 2R N IR | SO
JENG \Tris A1 SDS (R LA X4 AEYHARG PR W] ) 5
BEIR — 208N BEIR L A IR A Bl R Bk ( iR
WA A BRA R .

AU TE IR IR 7 5 S (AU M R R
BHIRAF]); DRRLE R Zeta FUALSMHTL (BEIE
Malvern A /] ); /INEISE B VKRS (32 Bio-Rad 24
H)),DYY-7C BUIKAL (Jbstmi/N—ALaR) ) s RT-

6000 Bt AT (36 [E Rayto A H])

12 F#%

1.2.1 SPIO #h k4T %5 anti-EMMPRIN 3£ % 4 3u/k
EOEESS

R AL SPIO 44 KK T~ 5 anti-EMMPRIN 7%
BEPTARRFRIBER F EDC 1 sulfo-NHS FAL2FHRIE 7]
i HFEEE 1 R, SPIO # i R IL TS
EDC [ A OAERE By ] =) O-BEEEIR, iz
] 710 5 7K it , AR Z 1Y sulfo-NHS 7T 5 O-
P 35 JUR A i EL A U s 3 PR Y sulfo-NHS i, M
T DK A %) A TR e SO 808 i vz B I v
TG PR sulfo-NHS BRERAE , RTAFHEIE N 53 fifk il
WiAEE4T . A anti-EMMPRIN B 5EREH AT | Pilk
FEEY sulfo-NHS FRILM 255 AR E I e
g T IAF) SPIO 5 anti-EMMPRIN B 5 e /44
B E R, RPN . O N B BE . 250 pl
AL 19 SPIO fim A E] 0.5 ml i iR £k 2% vh
(pH6.2) ™, FEAINAKTEFBL 1 B9 EDC F1 sulfo-NHS #
WIREHA], TER T ES R 30 min J5RERLT
PEFTREY 25 s QIR AL N B BE 5385 Hh k- hin
AF]0.5 ml BERER 22 vPl (pHT7.8) 1, FF A 15 pl
anti-EMMPRIN B5e A IR GRS T =
TN 2 h, RESY R L3S FIHBER T Bl SPIO
ki, HINPRERSE e 3 W5 Hia TA8 K
FRBIRRER 2 vhi Hh  4CORFERS
122 REBHEAL pH &4 F SPIO 5 4tk a9 48 8%

FHBIER A0 Y B R SAC 1 pH {EH 6.8.7.3.7.8,
8.4 F19.0 MYINRRELZE I, #% 1.2 b By L e
WAL S, BT Bk 5 A pH AAEZZ
PEATEERGAL N, SO 45 58 J5 H Malvern 48 KA
AR YRR A TRE S B A5 3 T RORRE T
PUIARIY) SPIO GARRLTFHE i, 4°CIRAFE
1.2.3 Bradford : &85 5L £

SPIO 4K T2 anti-EMMPRIN HiiArFH 5
B DURBISE SN i 8 [T IO REAS , SR Ay
Bradford 52 IMHTAR & | Prikin A sk 2 i
TR B B AT R 42 0E Al SPIO 3R RS X AY anti-
EMMPRIN Jifft
1.2.4  SDS-PAGE % # SPIO % & #% BX 49 anti-
EMMPRIN #uAk &

KFH SDS-PAGE 1k ELHE AR RBIBE SO Ji 70 5
B AORRL T ERRE PR R pH %%
PR A T IR T S 0L BT A RIRERRG et 119 22 1) T DAIE
JE b EDUUREE K EACD RO 8 10 wl _EAESE



55 33 B4 4 W)

- 482 - MR E B XK % ¥ # 201344 A
1) Ek s B
o l:.I-'\.H
- i i 0
T L LES a B
| COOH S o ot O ? 1}_‘}5.\{]_
sPIeY + N, 1 f c | A SN - WL
g PO~y T : o™y
| d 0 0
ElC O-acyliseuren imtermediate sulfo-NHS Amine-reactive sulfo-NHS eater
20 BEE AR
0 A% 9
A e . P anti-EMMPRIN mAb
_— _;.D.\\]__. ~+  anti-EMMPRINmAR @ — o e H

o

Amime-reactive sulfo=NI15 eater

amide baonsd

Bl 1 SPIO 4KKiF5 anti-EMMPRIN B 5 4 (A HIee J5 3

Figure 1

WV E] 40 wl #5325 5 £ FH 1) SPIO B iR
2], 4k 5 min, FZICHR] 13 AL BRI T R VIR LG
EEEHLTK , FEE R ek N AT B K 3 1~2 em 4,
Ik, A EERER T R % D i R-250 Ye
I, B 58 S K e I , #5078 o=
W PR REE B BRI T R,
1.3 %itssE

BES R ] SPSS13.0 B4 #E4T ANOVA J5
Z00T, IR SNK L HEF T Lh A, P<0.05 2
SHEGIEE XL,

2 & B

2.1 KRR BERAL pH &4+ T %] &-49 anti-EMMPRIN-
SPIO K A5-T 89 4 t2

R N G55 , ARG A2 vl pH £ 14
TAREE T anti-EMMPRIN P58 BEHTAR R SPIO 44K
T I T HARAR S TN 2 s, &N E 250
Br, @5 RFRVIRFE IR pH 4544 T il % 1Y anti-
EMMPRIN-SPIO Rif2 A 225 (F = 214.390,P <
0.05), pH {H7E 7.8 B iEAT LG AL I N A5 21 AY anti-
EMMPRIN-SPIO 4Kk FBRif2 /N, 4 63.15 nm,
76 pH 18 6.8.7.3.8.4 H1 9.0 551 T #1451 anti-
EMMPRIN-SPIO 4} >K Hi - () bi 42 43 51 o~ 96.58
73.96 .88.40 F1 172.55 nm, FBEESUN H, A[E pH 4%
1 AT BE R Ak s 75 Y anti-EMMPRIN-SPIO
YRR TR R E
2.2 Bradford & # R B BLhizAt pH 444 4748 5% 2L
ERGEAL)

Strategy of anti-EMMPRIN mAb conjugated on carboxyl-SPIO nanoparticles

200 -
£
-
160
g 120 s
J“/ * :
N L
& 80
40
0
6.8 7.3 7.8 8.4 9.0

ok fie AL 22 i pH K
5 pH7.8 A, *P < 0.05(n = 3),
B2 AFIBERG RS b pH 2 1F T il % 19 anti-EMMPRIN-
SPIO HihiAE
Figure 2 Size of anti-EMMPRIN-SPIO produced in different

amidation pH conditions

AR AL 2% M pH 2514 T IR BT i AE
P PTIR & AN ] 3 BRI RO 1A R LA
N 3.0 x 107 o/L, RN FTIMA BT AR 8 25
NEJ b RS BT R REIEE] SPIO 4Kk T
TR, B PR S R WHRIBEE] SPIO
YKL T2 1A Y anti-EMMPRIN Hifd &b 3580
RIS 28 B K 3 7 2250 HT , G5 R R IR ] ok
Fiefk pH S5 BT AS LiE h bi iR & A B S
(F = 239.532,P < 0.05), pH6.8 Al pH7.3 %44 F fir
3 EVE TP PR S AL, 300 1.943 2 x 10% g/L
F13.511 1 x 10* g/L;pH 9.0 &4 F s gy
Btk &b, b 2.031 4 x 107 g/L, 7E pH 7.8 i}
I R BUAR S REBAK, 85191 3 x 107 ¢/L;
pH8.4 B ¥ A S i 1.517 2 x 107 ¢/L,,



55 33 B4 4 W]

2013 4E 4 A X HEEE . T EDC/sulfo-NHS B2 3L SPIO £ AR - 483 -
307 HHE MK PR HA IR OV R e 1

251

S

_gl)

Z 20F

E( £

K15}

o

2 10}

& sl x

N ]

6.8 7.3 7.8 8.4 9.0

kI fL 8 b pH (i

5 pH6.8 4#LL, P < 0.05(n=3),
B 3 AEIEERE pH 414 T il 45 anti-EMMPRIN-SPIO f9 |-
T RE TN N s
Figure 3

dation pH conditions

2.3 SDS-PAGE % 4 #7 R Rl Bt le AL pH 4 #F 2 48 8%
&SR

Pk pH6.8 .pH7.3 . pH7.8 1 17 Wk i £k =2 1z iy 45
anti-EMMPRIN-SPIO #4351 FAEF KA 1, 9kiE 2
FPKIE 3, YT WEEEIA W 0 i3l iR 2 4%,
T 55 000 F1 25 000; JkiE 4 FIEKIE 5 50500
pH8.4 F1 pH9.0 K} fUrf anti-EMMPRIN-SPIO ¥ 5 , &
WEH B 3 (] 4) WA LA pH (-l 6.8.7.3.7.8
A AT B A A S 0 AT LAJE R T anti-EMMPRIN £
SEREDUIAR S SPIO HEATREHKAY SN 2544

Marker 1 2 3 4 5

72 000

55 000

43 000

34 000

26 000
17 000

1.2.3.4.5 2051 F L, pH {54 6.8.7.3.7.8.8.4.9.0 HE1F kI
AL TS anti-EMMPRIN-SPIO 4,
B4 AREBEL pH £ T B anti-EMMPRIN-SPIO A9 SDS-
PAGE 737
Figure 4 SDS-PAGE analysis on anti-EMMPRIN-SPIO pro-

duced in different amidation pH conditions

3 3 R

EDC J& THAL — MRS S ABIHGH , )2 3
JO7FH T8 22 B A RBIR ks 3 1 PR [T 2B
1 SRR AR R, EDC BETE LR LM AE S

Concentration of mAb in the supernatant of anti-

EMMPRIN-SPIO production under different ami-

LM R . EDC A S HRIE B R i v a]
O-FkEEMR AT E , 2 /KA, DRI TR ZE7E sulfo-NHS £
FE N RVIE sl HLEA 2058 S0 3 1 1 v ] i
sulfo-NHS Ji , F- 5 F e SN P ks ARG B . T
LA ZR 1 pH B SO 3R R AR K, 7EAR
pH B, EDC 532 FIE sl Ok FE IR A FR
FE L, B SyIKAR  H pH i m i, ASRRUE Y P N4 OBt
BLIRTT B2 KB Bl sulfo-NHS g [l 44 > /b
[lipE3n&=e- oL A e NR ey R 2 NI AR L i
B FREDS BRI pH & S M BT SCR AR H
HEM—PHE,

2 KL (14 2 T 50 R L T A5 5 B0 K
TR EA KM A hae, B B0k & A 2T
FEAR A T RBSE—Fh B & A AR GRoR 2R A
A J50 v & A A R T X AR R R e B A 44 K
TR M EZER R, R N R, AR
EDC  sulfo-NHS K345 40 K 1 2 i HE A7 10 SO
fdfi SPIO b T MR AL T oA, ek A2E Tk
TS5 b5k 22 R AR AR, AR e
MR, RiAE S LA AR SR AR TR e T T2
SRR o SIACHU % (dynamic light scattering,
DLS) H FH T R 94 KL T A2 R AR 0 A
W, BRSPS R R, % pH JHE , anti-
EMMPRIN-SPIO 4 KK T I R4 522 30 5 B AR S T
RS, 7E pH (E2H 6.8.7.3.7.8 8.4 Z1F F AT
P JHie Ak 52 %7 3845 () anti-EMMPRIN-SPIO i £ 774y
RARITE 100 nm PAF, HAF pH7.8 514 T il & 1Y
anti-EMMPRIN-SPIO 4Kk T-Rif2 i/, 51&450
FRIER I WA e, ARICR) EDC HA A A bk
U B S5E 5  JENHS /276 R EDC AYFBIESICR
P FLREHS N EDC MO M mita e vk, LR
FHIY sulfo-NHS ANMYGEHE = EDC AUFRERRCER | 18 H
Tt Ak 5 A ) A7 AR 1T v iR NHS 7K AR A 5 0
3 L E SPIO 9 K kL - 3R THI AR X 1Y anti-EMM-
PRIN HiiA il PEAE I RCR  Bradford 268 i Huds
VA S T i S PR A B it hT (a] b DA
SPIO 2 HIFRIK A PTiA S, DAL TR R | i
SDS-PAGE 5 | 2 B0 W8 b 3£k B 2] SPTO 2 1 114
ik AW R T Bradford 1 SDS-PAGE 32
ZEATEN AR IS 54 F anti-EMMPRIN-SPIO (1
AR W e A R —3, UEITE pH (E2h 6.8
7.3.7.8 S5 HEATWERE AL SN A A T EDC/sulfo-
NHS B R ARACE



55 33 B4 4 W)

- 484 - Mo E R K %¥ % ® 201344 A
[ 52308 ] [9] Gélinas S,Finch JA,Vreugdenhil AJ. Coupling of di-

[1] Bao J,Chen W, Liu T,et al. Bifunctional Au-Fe304

nanoparticles for protein separation[J]. ACS Nano,
2007,1(4):293-298
Schladt TD,Schneider K,Schild H,et al. Synthesis and

[10]
[2]

bio-functionalization of magnetic nanoparticles for medical
diagnosis and treatment[ J ]. Dalton Trans,2011,40:6315-
6343

Shi J, Votruba AR, Farokhzad OC,et al. Nanotechnology
in drug delivery and tissue engineering:from discovery to
applications[]J ]. Nano Lett,2010,10(9):3223-3230
Baby TT,Ramaprabhu S. SiO2 coated Fe304 magnetic

[11]
(3]

[4] [12]
nanoparticle dispersed multiwalled carbon nanotubes
based amperometric glucose biosensor[J . Talanta,2010,
80(5):2016-2022

[5] Maeng JH,Lee DH,Jung KH,et al. Multifunctional dox- [13]

orubicin loaded superparamagnetic iron oxide nanoparti-

cles for chemotherapy and magnetic resonance imaging in

liver cancer[]J ]. Biomaterials,2010,31(18):4995-5006
Biswas C,Zhang Y,DeCastro R,et al. The human tumor

[14]

(6]
cell-derived  collagenase stimulatory factor (renamed

EMMPRIN) is a member of the immunoglobulin super-

family[J]. Cancer Res,1995,55(2) :434-439

Riethdorf S, Reimers N, Assmann Vet al. High incidence

of EMMPRIN expression in human tumors[J]. Int J Can-

cer,2006,119(8):1800-1810

Yu S, Chow GM. Carboxyl group (-CO2H) functionalized

ferrimagnetic iron oxide nanoparticles for potential bio-

applications [ ] ]. ] Mater Chem,2004,14.2781-2786

[15]
(7]

[16]

(8]

o AR OEE SR SR R T L A B R L B R B R L R S B L R B B B R L R A 2 3 1’;{
s "
:I: Aad
| 3P 2 2P 3P 1
| X '} )
J s

) .
m'r o
o

i SRR IR O R L L T L R L I L R L A R B L L T L L s e

ethylenetriamine to carboxyl-terminated magnetic parti-
clegJ]. Colloids Sur A:Physicochemi Eng Asp,2000,164
(2):257-266
Zou P,Yu Y,Wang YA et al. Superparamagnetic iron ox-
ide nanotheranostics for targeted cancer cell imaging and
pH-dependent intracellular drug release[J]. Mol Pharm,
2010,7(6):1974-1984
Muller DA,Corrie SR, Coffey J,et al. Surface modified
microprojection arrays for the selective extraction of the
dengue virus NS1 protein as a marker for disease [J].
Analytical Chemistry,2012,84(7) :3262-3268
Carlsson N,Brode A,Wolfel S,et al. Quantification of
protein concentration by the Bradford method in the
presence of pharmaceutical polymers[J]. Anal Biochem,
2011,411(1):116-121
Laemmli UK. Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4[J]. Nature, 1970,
227(5259):680—-685
Bhargav A,Muller DA ,Kendall MAF, et al. Surface mod-
ifications of microprojection arrays for improved biomark-
er capture in the skin of live mice[J]. Appl Mater Inter-
faces,2012,4(5):2483-2489
Hermanson GT. Bioconjugate techniques [M]. 2nd edi-
tion, London ; Academic Press, 2008
Gravina PP,Bakuzis AF,Neto KS, et al. Investigation of the
pH effect on the stability of biocompatible magnetic fluids
using time-dependent birefringence measurements[J]. J
Magn Magn Mater,2005,289(3) :448-451

[WFmBEH] 2012-10-19



