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Influence of cationic cyclopeptide on microstructure and
permeability of Caco-2 cell membrane
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Abstract: The microstructure of cationic cyclopeptide (TD-34) treated Caco-2 cell membrane was observed,
and we discussed the relationship between membrane structure and insulin transmembrane permeability.
Atomic force microscope (AFM) was used to observe living cell membrane in air condition and tapping mode.
Results showed that the surface of Caco-2 cell membrane treated with TD-34 lost its smoothness and nearly
doubled its roughness.  Apparent permeability coefficients (Pap,) Of insulin in Caco-2 cell monolayers increased
2.5 times. In conclusion, AFM can be used to observe microstructure of cationic cyclopeptide treated cell

membrane and cationic cyclopeptide enhanced insulin delivery across Caco-2 cell membrane by increasing
membrane fluidity.
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NERIEM R ITC 6, B IS e 28 R B BN T
2mL, VKBRS G B0 2 IR 3] TD-34 ML=4,
H, % e SR AL IEAT TD-34 437 N It i fi
POEBLBR R 1 B . S R TR B ER K
TD-34 FH 7= i o
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1132.51).

YHRELEFE  Caco-2 4k 40~60 18, 4ifufE
A 10%E4 055 . 1%AEL FHEIER 2 mmol- L™ L2
ZWEE . 100 umL™ F A A 100 pg-mL T HER E 1
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o 4 S T (K S . K5 Caco-2 411 LL4 g%k 2x10°
ANImL F2FT 96 fLACT R R 24 h. TD-34 ¥#fif 1
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SRR /INT 0.5% . K 41 B AE B A7 S Ak 2R A K 2%
PA T IEE 10 min, RS EAZRAIG 2 (20K
A FFVE 3k, B 5 umol-mL™ TD-34 %«
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u-mL B B IR A AT AN B 2 Y AP RN
BL U, HEAT AR sy e Caco-2 4 i w3 Nl (1)
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Figure 1 Viability of Caco-2 cells which were treated with
TD-34 in different concentrations (n = 3)
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TD-34 FlJi# 5 25 4E Caco-2 41 L )2 i (AP-BL) ()
Papp 1730 T FE AW AR E 1) 49% F1 39% (% 1), 1%4h
LW TD-34 FJi% & 22 7% Caco-2 411 il )2 (AP-BL)
A7 75 LR B S5 1 A s o AR i A AR HE

Figure 2 Influence on Py, value of insulin when Caco-2 cell
monolayers (BL-AP) were treated with 5 pmol-mL™ TD-34 (n =
3)

Table 1 Py, of TD-34 or insulin in Caco-2 cell monolayers
(n=3). (+) included; (=) not included. PAO: Phenylarsine
oxide

TD-34(5 Insulin (21  PAO (25 Papp (x10°%, cm's ™)
pmolmL™)  umL)  umol-L™) AP-BL BL-AP
+ L - 258+0.18  1.60+0.17
+ - + 1274012  0.73+0.08
- + - 325+023  0.27+0.06
- + + 1.10£0.03  0.25+0.09

(BL-AP) ¥4z i, M PAO J&, TD-34 %
Caco-2 4l ¥ B P {H N 42 54%, JBEE 211
Papp AL NIA W], $EWIAE BL-AP Il TD-34 [MlF£ £
70 R M i AR, H A I AN R S 2/ BL-AP
P 3 2L 5 WS 8 1 1
4 BEFHRMEEN Caco-2 2R AE YW 22

H T T 7 A T S A B TE et 4 i i
HEATWZE), NI A SR E] Caco-2 4 a5 )2 B 3% 1
(AP) MU (P TR S o o) [i] — &0 i [) — DXtk 8241 4
PR UK, AT LA %% 1 41 P 2 T 4 T 30 A5 3 0 14 ¢ e
(Kl 3a, 3b). ik % 4w RS I I ) — 47
(20 um Ab) HEAT @ EE AT, RGN MR I B
BENARN (K 3c). KRB e %540 T
XoF [F) — &0 M3 482 P O T i, T DA 1) A AR
PLPEER

HE— 20 0 AN [R) 40 A1 4 5 A5 4 SR 1 vl A ok 3k
AT 3K B AT LU A W) 1) 40 S T 25 AR A A
K, BRI EEEOCH (B 4). A T BENS ST b U 4¢
AN [ 440 b 41 41 5 2 T 2 1R 2 Rk Al 2 T s
S HT R I P o AR A LR AT — s AR AL,
A0 v P AR ARG FEL 4351 9 75~400 nm T 40~375
nm, BRI 7 07 BB AR A AT T LA i
R THI RO TE A AT 23 W7
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Figure 3 Caco-2 cells membrane morphology in the same distribution using AFM.  (a, b) Surface image of Caco-2 cells. (c) Height
image of virtual line inaand b (20 um).  The height image of virtual line in the same distribution was similar

Figure 4 Caco-2 cells membrane morphology in different cells using AFM. (a, b) Surface image of Caco-2 cells
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Figure 5 Membrane morphology of peptide treated Caco-2 cells using AFM. (a) Surface image of Caco-2 cells treated with RR-7.
(b) Surface image of Caco-2 cells treated with TD-34. (c) Height image of virtual line in a and b (20 um). The height image of virtual
line in cells treated with peptide (RR-7 or TD-34) changed a lot compared with cells in Figure 3c. The surface of cells treated with

peptide (RR-7 or TD-34) became rough
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Figure 6 The mean square roughness of Caco-2 cells which
were treated with TD-34 and RR-7 respectively (n = 3). “P<
0.05, "'P <0.01 vs control; “P <0.05 vs TD-34

M5 Caco-2 4l il (AP) M2 MO JE 3 nT 4T o 7615 i
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1% % Caco-2 il g ¥ 2 [ BL-AP I HEAT TD-34 X Ji &%
HIEE LB 9206 R B, TD-34 Wk &y K5 AL iz A
AU LB R - T B A A A 2R A B AE —
SEFRIE LAl TD-34 Fljgk & 2= Wil (AP-BL) (15
iktis, Uil TD-34 FIPE ) A7 48 P& 7 3 5 i

FEAZ R ABH & 1 2 BRIk RR-7 JAyxt B, il i1 )
SEENTST TD-34 Al RR-7 % Caco-2 41 i 2 2 il (AP
M) AR S5 A B, BH 25740 i 2 Sk RR-7 FBH 25
TRk TD-34 #3415 Caco-2 4 fifu 5 4 1 1) ~F- i AR
JE, O 0 THDRE RS P 5 5 14 A7 SR PP B B 1
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I ST At R P IR XA 2 A RS, B T A
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T I R LG AN [F] 27 JEL R AL 21 J5 - Caco-2 4 i 1)
FMHRE S, RIL RR-7 Kb 35 40 o f5 2 THAF RS J5¢ 1
W TD-34 (P<0.05), "/ HEA T RR-7 A IE
RO 2, DR A0 S B e U2, R4
i 2 R IE AT RO 2, g A B TR R 2 A
AR AT LA 5] 40 M s B B D ee B R B, R
5 B 0 88 s A 52 B AR TR A o A R — b
AU MR EIR (LW R B A), X
0 PR 1 P 00 3 N AT A PR B o S MTT 5256
RIL, 4 TD-34 fEIRBEAR T 5 pmol-mL™ i, X4 il

2y 7 A W I R D [ B T R e ) AR 9B
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J1 (B 1), 9 5 pmol-mL™ TD-34 X 4 Jfa Jik 4 ] i
FE, %} Caco-2 4l #EVERLAC, WIAR A —FhrE e )
PRALR) SR KR53 1 25 s B i i 1B 1)

LR ERrA, X2 koAb PR 90 R i ORI &R

WIESUAT By RN T 00 A0 PR S T 2572 A o 1B I 3 1 5t
iz sy . I 55 ) B BB T 2 Ik Ak B
Je AR M AR T A p A, T LA T UL 5 2 B
2 IRIG N T A0 M AR T AR RE R o HEDW RH 5 24
JIK3E 1L 19 hn Caco-2 4 M A If P RHLRE L, $ i 1 40 Y
JERR X1 )2 i s, A T Caco-2 41 i)
WA, AE— @R EAERt T 05 SRR B 3%
i A LR e s i
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