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Inhibitory Effect of Low-molecularized Polymannuronate on Proliferation and DNA Synthesis of
Human Colon Cancer Cells. In-Hye Kim and Taek-Jeong Nam*. Faculty of Food Science and
Biotechnology, Pukyong National University, Busan 608-737, Korea — This study investigated the pro-
liferation and DNA synthesis inhibitory effect of concentrations (0.01%, 0.1%, 0.25%, 0.5%) when add-
ed whole molecular-, 40 kDa-, or 10 kDa polymannuronate on human colon cancer cells, HT-29,
DLD-1, and WiDr, in vitro. In order to determine the proliferation inhibitory effect of low-molecular-
ized polymannuronate, the treatment of whole molecular-, 40 kDa-, 10 kDa polymannuronate (0.25%)
to the HT-29 cancer cells inhibited proliferation of cancer cells by 41%, 69.1%, and 75.6%, respectively.
DLD-1 cancer cell was not relation of molecular weight and concentration. WiDr cancer cell depend

on concentration without molecular weight. In addition, whole molecular-, 40 kDa-,

10 kDa poly-

mannuronate (0.25%) significantly inhibited DNA synthesis of HT-29 cancer cells by 78%, 58%, and
56%, respectively. And morphological changes not found under microscope by polymannuronate.
Therefore polymannuronate would be helpful to colon cancer treatment as well as cancer prevention
and this study would be the basic source for further research of polymannuronate.

Key words — Low-molecularized polymannuronate, Human colon cancer cell, Proliferation inhibition,

DNA synthesis

AA £29 B4R W TULE) FPOT FEH 4
Favgol 843 olgon), A7y 44BE Hol4
& $ol AL ATHES 47} ZoHHA Bt B
2 AWt uwzel Z7ks) Hhd QA Aol
F3h G e HH9 Fol FBBAE R[], 14
F401% e PANE ARES BrFths AE 3
SATRL WA, ol e Astel A% 2o 9
29 ARNE Ao WE FR DGE Aol8Rd B0 59
BB B4l BRabA Fhsol 9k 43 vg, oA
shst 2 2

o m T &
NN
e —
o 4

Ot =,
o
=

GUE 22 FY AT B AEXT 242 ERH
Ade mannuronate9} guluronate@ FAH o] 910
H[4,6), S5 AYMEZE3], olxus-go o &
o ¢ [1015], 8% FH2HE AstE[1316],
4 ZA8019], A FrelE g Ee] FAAA A
[14] % f’o‘%o A1) 53 2 AYads /pAna 44

53], &7 g B A7) Jxel 9
= Ao g aelA glon[le], sEA4E 23}, poly-
mannuronate’} o] -85 Fo|Foa FFY B 713 Iy~

o2,
b
'z
E,
:x:‘
rz: ofo

*Corresponding author
Tel : +82-51-620-6337, Fax : +82-51-620-6330
E-mail : namtj@pknu.ac.kr

5 A2 Aol ¥ a7t ivka FATH20]
o2 BEIJLEHE de polymarmuronatet
+ A3 S/ 7, 84 2 2
i fr2l 42 40

i o it oX oo I
»

uahx, B A5 polymannuronateE F-& 7h42 33}
of BExehd g )23 40 kDa, 10 kDa polymannuronate 9}
A -2} polymannuronate7t 1A WU 547 DNA
gl olud G3Fe vjA= AE HEJLA ik

Nz 3 Ay

=

B oo A}8-3 whole molecular-, 40 kDa-, 10 kDa-
polymannuronate= (5*) KBP (7], Korea)o| 4] A Z 1o}
AuARd 2 A Fo) Sol AgART QA AL
A 391 HT-29 (KCLB 30038)-- Korea Cell Line Bank (A<,
Korea)oll 4, DLD-1 (ATCC CCL-221)3} WiDr (ATCC CCL-
218)+= American Type Culture Collection (Rockville, MD,
USA)elj A} Hopurol ujkatod Qgle] ALGelGiTh. A28
o} A}8-% Rosewell Park Memorial Institute (RPMI) 1640
medium, phosphate buffered saline (PBS), penicillin- strep-

tomycin 5& Gibco/BRL (Gaitherburg, MD, USA)ol| A



858 BB URIX| 2005, Vol. 15. No. 6

A8t Fetal bovine serum (FBS)2 Hyclone (Utah, USA)
M, AT F4E FA87] Y3 AH-E Celltiter 96 AQueous
Non-Radioactive Cell Proliferation Assay Kit= Promega
(Wisconsin, USA)yl A T3 o™, A wfefoll ARE3 1
84 di AFL Corning (NY, USA)d A T-QJsto] Abg-at
4o} Minimum Essential Medium Eagle (MEM)% 71EFY
Hol B3 AFL Sigma (St. Louis, MO, USA)ol A T+
skl ApgSHYT

CHEAME b

HT-29 t)&elA 3= RPMI 1640 vj ¢F9l o), DLD-1, WiDr
HELHZE MEM sz ] E9 2ot} F45 G4
st7] 913 A A (100 units/mL penicillin, 100 units/mL
streptomycin) 9} 10% FBSE #H7lste] 37C, 5% CO; incu-
batoroll A wjokstdcy. ME7} 80% A= beld PBS-EDTA
2 monolayerE A ojlx 0.25% trypsin-EDTAE 25 A
L5 23l 96-well plates} 24-well plates] £33} 2
Yol AHE-3HATH

Polymannuronate?} CHAIIME ZAj0) O|XlE F& &3

HT-29, DLD-1, WiDr tiZ&&AlEe] Z+zte] polyman-
nuronateg A3 P S W AT FH vAe JFE &
ol 7] Y3 Z+ PALHNEE 10% FBS/} g sjokedo
2 3|4 3te] 96-well platecl] 40,000 cells/welld] YEZ £
2355tk 244 7 v] %3t Fofl serum free media® vj %N &
2335l 24A)7F serum starvation A|ATH 1 F w) ok of
Z} polymannuronateE 0.01%, 0.1%, 0.25%, 05%9] TE2
A7vete] 24417 vkt g, Celltiter 96 AQueous Non-
Radioactive Cell Proliferation Assay KitE A}-£-3}o] ELISA
plate reader (VERSA max tunable microplate reader,
Molecular Devices, USA)E 490 nm BAgA EJ=E =
ek A2 FAFEE 2T dF 4ETY %=
Akt

Polymannuronate?} CHERIMIZES! DNA &40l DiXi=
e 53

Z+2+ 9] polymannuronate’} DNA FAjo] rAe 43S
A28 7] s A EE 13 mm diameter cell culture cover-
slipS 22 24-well plated] 50,000 cells/welle] DE g 2=
&1L, 10% FBSE 3t vjgd oz 343to] w sttt
Zk well B A 27} 60% 3 = Zetd, SEMO 2 ugstoe] 244]
2+ Fot vlg &, 7 polymannuronateE 0.01%, 0.1%, 0.25
%, 05%¢ FE22 474590k PH] thymidine< 200,000
cpm/welle] FE2 H7)}8le] 37C incubaterd] X 24X 7+5
ot WHAZAT wFA-S A AS T 5% trichloroacetic acid
(TCAYE 7tete] A-LoAM 1082 WA thg, dol24
2 23] A Fo 70% oeh&g HUlste A 587

w23tk Cell culture coverslipS cocktail solutiondl] 3
31 liquid scintillation counter (Wallac 1409, Amersharm
Phamacia Co., England)2 cpm& Z7335te] HX2 DNA &
ARZE AdSE

Polymannuronate®| CHERIMEZS| HEfSH He £H

7}7}¢] polymannuronate® 748t ™, A AA LY
gejehz A 2 AEES S0 AWRY) M
oF QEE 24-well plateo] 100,000 cells/welle] FE=2 £
33l 10% FBSE #-Ha wiglo 2 3 43te] ujFsiich.
7 well & A Z7} 60%AE A2 uf, SPMO.2 T83}o]
2477k FoF v 43k ¥, 7} polymannuronateE 0.01%, 0.1%,

0.25%, 05%2] T=HE Hrbste] 2442 v FE - Anl 3

oA Az Feot SAYEE AAFA

A9 SHAz|

B A7 BE BASAE F 49T BReRFAAR
Uehi 31, Z3He SPSS PC Z & T #(version 10.0) o] &
sta} 54 BAsth 7 AEEe] F94L p005 £F
o) 4} Duncan’s multiple range testo] 93] 2439}

Zdi 3 1

Polymannuronate?} CHEM|ZE SA{0] 0jxl= Y&
HT-29 AF AZGAE 524 A a7

7} polymannuronate?] HT-294 2o tjdt M E F4
oA &3t Fig 13 2t Polymannuronate] ¥#}8ko] 7+
4284 %, Z polymannuronated] F =7t F 71 E HT-29
AT FAeA £} 27hahe AL ek
Z, whole molecular polymannuronate® 025%¢ =2
A28 & ), 41.0%9 F4 A LS BYL 01%9 vx
2 40 kDa polymannuronateE 2] 8lH-& o, 56.6%9 %
A A& BYgen 10 kDa polymannuronateE 0.1% 9
FEE AP W, 695%9 T4 dAEE EoA poly-
mannuronates HT-29 ti g A Eol| tiste] F4 A a3
g 7Hgs A4S AT

DLD-1 Q1A dFGAE 54 A4 &7

7} polymannuronate] DLD-19] 4§ tAE F4 A
&7%E Fig 29 Zth DLD-1 ciAgA e Agd poly-
mannuronated] Bx#37 Foe F4 A %e Bl gl
T A2E YEnt AAAA AFE AHE o, LAFo]
AAGSFE FAEO] JAHE AAHY Holu, §H A
o]2 Ho|A= ¢kt X3, 10 kDa polymannuronates
001~05%9 T & 75 g uoles 482~572%2] &4
AA &L Btk &, DLD-1 th @A Z o} polymannuronate
g AP Ae dole 54 GALHE Ho|A Y= AL=



Journal of Life Science 2005, Vol. 15. No. 6 859

120

cell viability (%)

0.25%

0.25%

0.01%

0.25%

0.01%{ 0.1% 0.01%| 0.1% 0.5% 0.1% 0.5%

CON WHOLE 40kDa 10kDa

Fig. 1. Effect of low-molecular weight polymannuronates on the growth of HT-29 colorectal adenomcarcinoma cells.
HT-29 cells were seeded in 96-well plates at a density of 4x10* cells/well with medium supplemented with 10% FBS.
Twenty-four hours after seeding, the cells were serum-starved for 24hrs. Cells treated for 1 day with of without low-mole
cular weight polymannuronates (0.01~0.5%), and viable cell number were estimated by the Celltiter 96 AQueous Non-Ra
dioactive Cell Proliferation Assay Kit.
Means with different letters are significantly different at the 0.05 level of singnificances as determined by Duncan’s multip
le range test.
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Fig. 2. Effect of low-molecular weight polymannuronates on the growth of DLD-1 human colorectal adenocarcinoma cells.
DLD-1 cells were seeded in 96-well plates at a density of 4x10* cells/well with medium supplemented with 10% FBS.
Twenty-four hours after seeding, the cells were serum-starved for 24hrs. Cells treated for 1 day with of without low-mole
cular weight polymannuronates (0.01~0.5%), and viable cell number were estimated by the Celltiter 96 AQueous Non-Ra
diocactive Cell Proliferation Assay Kit.

Means with different letters are significantly different at the 0.05 level of singnificances as determined by Duncan’s multip
le range test.
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Fig. 3. Effect of low-molecular weight polymannuronates on the growth of WiDr human colorectal adenocarcinoma cells.
WiDr cells were seeded in 96-well plates at a density of 4x10* cells/well with medium supplemented with 10% FBS. Twe
nty-four hours after seeding, the cells were serum-starved for 24hrs. Cells treated for 1 day with of without low-moleculat
weight polymannuronates (0.01~0.5%), and viable cell number were estimated by the Celltiter 96 AQueous Non-Radioacti

ve Cell Proliferation Assay Kit.

Means with different letters are significantly different at the 0.05 level of singnificances as determined by Duncan’s multip

le range test.
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Fig. 4. Effect of low-molecular weight polymannuronates on the [’H] thymidine incorporation in HT-29 human colon cancer cells.
HT-29 cells were seeded in 24-well plates at a density of 5x10* cells/well with medium supplemented with 10% FBS. 60%
confluent after seeding, the cells were serum-starved for 24hrs. Cells treated for 1 day with of without low-molecular weight
polymannuronates (0.01~0.5%), [*H] thymidine was then added and the incubation was continued for another 24hrs to
measure the incorporation into DNA. DNA synthesis rate of cell were estimated by the ['H] thymidine incorporation assay.

Means with different letters are significantly different at the 0.05 level of singnificances as determined by Duncan’s multip
le range test.
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Fig. 5. Photographs of low-molecular weight polymannuronates on the growth in HT-29 human colon cancer cells.
HT-29 cells were seeded in 24-well plates at a density of 1x10° cells/well with medium supplemented with 10% FBS.
Twenty-four hours after seeding, the cells were serum-starved for 24hrs. Photographs after cells treated for 1 day with
of without low-molecular weight polymannuronates (0.01~0.5%).
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