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ABSTRACT

The active transport characteristics of K* and Na" pumping system of cell membrane model which irradiated by
high energy x-ray(linac 6MeV) was investigated. The cell membrane model used in this experiment was a Na
type sulfonated copolymerized membrane of styrene and divinylbenezene. The initial flux of the ion was increased
with increase of both H' ion concentration. In this experiment range(pH 1.5-5, temperature 36.5 °C), the initial
flux of K" which was not irradiated by radiation was found to be from 2.09x10™ to 1.32x10mole/cm?-h and that
of Na* from 7.09x10* to 1.09x10”mole/cm*h. the initial flux of K* which was irradiated by radiation was found
to be from 21.0x10™ to 16.7x10”mole/cm™h and that of Na® from 62.0x10™ to 20.6x10”’mole/cm’-h. The ratio
K'/Na" of membrane was about 1.10. And the driving force of pH of irradiated membrane was significantly
increased about 9-20 times than membrane which was not irradiated. As active transport of K™ and Na® of cell
membrane model were abnormal, cell damages were appeared at cell.
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I. INTRODUCTION
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Active Transport Characteristics of K+-Na+ Pumping System in Cell Membrane Model which Irradiated by High Energy

X-ray
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I. MATERIAL AND METHODS

A Na'-K'o| 2735 dexor 54
o} SR o R H Aol Bol o]
€53 02 poly(1-methyl-4-vinylpyridinium iodide
-co-divinylbenzene) "2 polysulfone®} ZFA|Zl =
o 24 polysulfone ] EA} EHgukel &E3) &
2] 2~E] -t v d A Al (polystyrene-divinylbenzene) =74
THE ARESRSITh

1.2 43717

HH-8-7], Magnetic Stirrer, 33 %=7|(Shiadzu UV-2
401PC, Japan), AE=EZ%7](suntex, model Sc-17A),
pH meter(Union prix, model GP-55), YA}-&3E4]7]
(Nippon Jarell Ash, A.A-845), A-&(Mettler AT201,
USA), 324Z(Eyela SB-9, Japan), linac XA ZA}7]

5 AHga,

1.3 Asld &M Na's%9 K'sErs)

AEAS AEe] EHE e TR FHHce
ellll 0.1N KCI, 0.1N HCI or 0.1N Nacl, 0.IN HCI so
lution®} -$-Zcellol] 0.IN KOH, or 0.IN NaOH solution
Apol o] Na™-K'o] &Fabel tiste] sGyel a1 Az
A B 5 ol aa AEAL Ao o] 2Ry
& vl 75 skl AHBHA 235 A 0.1N
KCl, 0.IN HCI or 0.IN Nacl, 0.IN HCl &3} $-=
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Fig.1. Experimental apparatus for transport
measurement (Left cell: 0.1N KCI, 0.IN HCI or 0.1N
NaCl, 0.IN HCI Right cell: 0.IN KOH, or 0.IN

2M NaCl 30mLe] 979t H'E N
" 2 NaOH g&9o=

Na" dol= Alguke 1 o) I A&H A &S
T SErR AFSRAL e R T - owe] d
G710 gaL itk
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FE(w)S AIAZ Fohfe] R vt 115C
oA 72AZ whake] A Apolm fs} 2111 &)
220 Eof g3t A o] FE(Aw) T o] (AR)
3 PEgw R Fokith

Aw = AR/w 3)

Ao] g2 Bl 380cm’, 2] FEHAS 12.50m’
ojt}. Alo] wiehd HHsA AlFstglon 2
2 500rpm o2 §NS FE3| WHkA[A Ao

Z4oAs A7 v FEe] AREE A%

J

02 25 36.5CE 1438 F pHE 1.5, 2.0, 3.0,
5.07H4 W3tAA Z5Ae] 84 2= KCL, HClS AR
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II. RESULT
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Table 1. Physical properties of membrane

physical property CMV

Copolymer(Styrene-DVB)
sheeiz

AR(meq/g dry resin) 2.8

(%) 38

74| (mm) 0.21
AW(meq/g H20) 7.3684
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K" %7} .Jr&*“ S 57}*}% E _?—%H‘__,_loﬂ/ﬂ
9.

o]:= Na', K7
Clasdi o ik=s ?:ﬂ_*c}gg H'o]&0] k—%xj_%}g

£ Algsisly] mEolt.

2.1 WAMAS ZAFSEA] 2 MET model] AL
A5 36.5CelM x7] pH¥Sb] it e
=4

% ?iol% %E—‘z:
= FLRst 9 ZYavt SUtseith
1.5 o o &9 Haghks velen
ol ZIIFE 99%°] ol s%S HT Fig. 4. OML
= %7] pH ¥ FHFolsANE 27|%
TS = UERA Zlojth o] o pH 4ol A& A9 1

]’K Na+4 )
bl &4# A olse] ?L%EﬂOl
Na'¢] o]go] At}

a8, K, Na'7F H'9 o] s3s 2384 Jate
2 2 ARAQ BAlE H/K =1 = H /Na™>1
elfferich!'?e] 4] )3+ Az} Ux]s}9 )

Fig.5.2 Fig 2, 3914 Z71ZY2E 3 Ayol}
K" U} Na” &2 25 pH 1.5 ¢ o] Z+7; Hozks o
ERNSITE Table 2.9 %7] pH ®Wa}ol| tgt K', Na™9]
Z71&9 2 Wt UERgglth o
T sEe el HAa Al
+bt +c & T F bE 7] T& HERE FH3l A
At &k Zlojtt,

B Aol H" o] 22 K, Na' o]-23}9] o]ugh
o oJejA o]EdE Uttt T2yt KU, Na'7} H'9J
ol T ZIshA| Fsiitt

=, H'9] d9% > K', Na'9] da=ke] #4174
ol 9 Ui§- AlEe 2717

SE szt <

gk ko] o A9A17] wEelth Ho]2¥ K, Na *

Table 2. Initial pH vs initial flux

Initial F(mole/cm2-h)

H

K+ Ion Na+ Ion
1.5 1.32x10° 1.09x10°
2 3.81x10™ 2.16x10™
3 2.80x10™ 9.90x10™
5 2.09x10™ 7.90x10™
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Fig. 2. Effect of initial pH on transport of K ion Fig. 5. Effect of initial pH on initial flux of K and
Na® ion
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Wlck Table 2.0 %7] pH ¥W3lol] i3t K¥, Na'¢] %

irradiation.

712 Wskes eIt o] 27]E ¥ AR 0.8
o] P zoA Ha Al 28] C=at® + bt +c 0.8 1
g 79 F bE 27] FE WSHEE skl A & 2 2 o7
olc}. Z oe
R A H' 022 K, Na© o] &7}e] o] e St
of olaiA o3k gk et K, Na7h HOl 5
ole®e 2 Xtk F, H'e A9 > K, T TR
Na'e) A9k o] #AYF AR ol: w i AT N
_ - _ _ = =
o] A717F S Alg FHelA 9] o] 2ulgke] o7t o
SEAY wY FEAe] oF il o A9147] r B B B B B W
o]tk el £3} KU, Na' o] 9] Hl7} 1 9
=& g3 = o]y o]&l =
1 2L g5 R o]= o]2wgld 93l Fig. 7. Effect of initial pH on transport of Na*
= gy dojdtta & 4 gk by irradiation.
Table 3. Initial pH vs initial flux o
Initial F(mole/cm2-h)
pH &
K+ Ion Na+ Jon
L5 16.7x10° 20.6x10° ikt
2 37.4x10° 24.5%10° #
3 28.0x10°* 78.0x10°* E .
5 21.0x10™ 62.0x10™* E
E_ i
T
i &0
a3 ——c-=t Larst O a
—dk— zH=2
oz —ﬁ—:—:._.E 3
o7 * i : L ’
: : .
= Fig. 8. Effect of initial pH on transported percentage
% ¥y :——: of K" and Na" ion by irradiation.
: s 1 a4
0.2 b o
Fig. 6. Effect of initial pH on transport of K* ion by E

Fig. 9. Effect of initial pH on initial flux of K and
Na“ ion by irradiation.
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Iv. DISCUSSION

AR 1960 el CAAIES] H] i
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Yoshikawa, M50 2]&] poly(1-propenoyl-9-acr
idinyl-co-acrylonitrile) S %3+ 24 o]29 Fi=
FRrEd Hagdel oslo]Foi A poly(l-vinylim
idazole-co-styrene)= &%t =7l oo Fi} HH
Frrss Barded s Alxued =429 §
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2 poly(1-butyl-2-vinyl pyridinium chloride-co-styrene)
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Hie Agol

V. CONCLUSION
WAPAZALE L EAPR (A R R ) S| A W
of W& Na'-K'o|>F3Ae] wsts dds g 23
ofgfe} £ ABS FESMA HAUTL
AR, WAPIS ZARSHA] B ALEA THA R
)9l Na'-K'o|- &5 kEo] wisltel| fjste] ot Av=
=3 2ok
1. Na'-K'o|9] s5dg 27| 92+ pHY}F 5
7} dE SRR
2. A (pH 1.5-5.0)914 Na*, K'¢] 7] 28~
= 217} 7.09x10 - 1.09x10” mole/cm® - h 2 2.
09x10™* — 1.32x10mole/cm® - h °]RAth
3. H'o] 2] o]&a} Na', K olg@e] A<
PAE H/K =1, H/Na =1 o]t}

[

A, 5Gyo] A#S FARE LA} 2] Na™-K' ©]
25 e] Wstel| tisto] dold Adtw v} AUt
1. Na'-K'o]29] T&dg x27] Z¥2%= pH7t
s7h &5 STkl
2. AU (pH 1.5-5.0)°14 Na', K'9] %7] &
g Z7F 62.0x107%-20.6x107° mole/cm® - h 2
21.0x10™* ~ 16.7x10”mole/cm® - ho] 1tk
3. Ho]29] o533} Na', K" o] 53] AHH
ol #AE= HY/K >1, H/Na" >1 o]t}
710l AY AdEg T B AR 5Gye] =
Atz AERREGLEAE Y] LR T H7F A
7F Ho] Asde] H ol S TR
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