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£ 9} 2-Hydroxyethyl methacrylate(HEMA)S- £33t P(HEMA)EHE E3lod 107}A] o] ALE-9)
F4A%, BlAS R FHEE S48 pH 88 Seld 24 AF ek obuleats] FomE 7 ofv]
ZARES] EAYH, BA=7] 9 Akl et okE e JebdE #qldtg o, £3] §949] pHel oz}
Astepo] Wik 2 oAk PHEMA)HE S3ted $Ad W ZE ofvliite] F4G gelA
7R gel FHER oy e viAFte R 2gdn, Gr1ddgEdole AddGERR o Yol F
#x 3 whe Rujutew zhgghg dgirh

ABSTRACT. The transport phenomena of ten amino acid molecules through poly(2-hydroxyethyl
methacrylate), P(HEMA) membrane have been investigated in various range pH solutions. It is found
that the permeability and diffusivity of the amino acids through membrane depended on the different
shape, size and the charge of them are changed by the pH. The permeabilities and diffusivities of
amino acids have the largest value in the neutral solution. In this case, they are diffused through free
water in the P(HEMA) membrane and the diffusion mechanism is the pore type. The basic solution
have larger value than the acidic it. Whether the diffusion mechanism of the core type or the partition
type, it is depended on the effect of side chain of the amino acid in basic and acidic solution.
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Fig. 1. The diffusion cell for measuring solute per-
meability. -
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Fig. 2. Typical chromatogram of amino acids.

F 24,
In(1—-2C/C)=—(1/Vi+1/V)AU/! @

o714 Cz A7 tell A ofnleAte] gAY FE
ole, Coe &7] opulkAte] Fxolx, Vid} Vee
7 vihe) Fujolnd, A 2he] WAL, [ L e
FAs, £3AF Us In(1—2C/CH9t A7k ¢t A
o] 71&7128E ¥ 5 Slch

BelAl. BASED)e HH Aol 4o
el Fopsle 848 FE} Thy) el Ho} Soi7t
449 FErjejtt. 23 EE Kye oldis} o] A
25}

Kp=(C,—CYV/V,, C @

714 Co= 95499 H&x F=E, G §40|
ool Fito] A o] FoiA Fo] NGl FE
ojwjsl V.o V& 247t £-949] Bu) aejm 1t
F-deolct. FAsted WE =2317] 915t one-
step sorption techique®°.2 Kp& % 4 qlch

#giA g, FAAHDS FHATD)E S
& BAVE Sk

U=D-Ky/! &)
2olAS Ky, FHAG USH o) oA 125
FAA5E 78 F Utk
R T

£2E0l ojoitel S4. e T 439
SSRE o) 54, £ 44 23 gule)
Rl we} =3k 44, 93 4o 1T %
gole] e g Aolo] st FarlTe A

Journal of the Korean Chemical Society



P(HEMA)ZH& % ofu]=ibe] it 7] 13

Table 1. The physical and chemical properties of amino acids®

Molecular Solubility Isoelectric Partial molar Shape of R-group
weight £/100g% point volume (cm®) RCH(NH;*)COO~
Alanine 89.09 16.65 6.00 60.50
Valine 117.15 8.25 5.96 90.78 nonpolar uncharge
Methionine 149.21 5.6 574 105.35
Glycine 75.06 25 597 43.19
Serine 105.09 38 5.68 60.80 polar uncharged
Threonine 119.12 10.6 5.64 76.83
Aspartic acid 133.1 0.5 2.77 73.83 negatively charged
Glutamic acid 147.13 0.86 322 85.88
Lysine 146.19 73.3 9.74 88.53 positively charged
Histidine 155.16 4.29 747 98.79
i i i 9.7l A 7+ ofu]:Ale] <FZA]e)-2(zwitterion), ¥
, P Loy 1 scleel EAE Aus] Table 2904
"3*—?—0“‘**——“”—?“” ==h— a Table 49 77}t $S3}geh
R R R ofu]izite] ol Lo EANY u 7ol 3
Net charge = + 1 Net charge = 0 Net charge = - 1 ol we} 33tsle B8} g7} k24 =t Mil-

Acidic Solution Neutral solution Basic Solution

Fig. 3. Protonic equilibria of amino acids.
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Table 2. The percentages of the cationic, anionic and zwitterionic species existing in the source solution at

pH19
Per->ntage of species® as
Cation Zwitterion Anion
Net charge +2 +1 0 -1 -2

Ala 73.81 26.18 4.15X1077

Val 71.99 28.01 433Xx1077

Met 67.12 32.87 1.28X10°¢

Gly 73.81 26.18 511X10°7

Ser 67.63 32.36 1.77X107¢

Thr 84.60 15.39 4441078

Asp 61.6 37.44 0.96

Glu 67.0 32.62 0.38

Lys 67.12 32.87 8.71x10°8 199Xx10™ 4

His 44.83 55.16 4.28X1073 38 X107

Table 3. The percentages of the cationic, anionic and zwitterionic species existing in the source solution at

pH72
Percentage® of species as
Cation Zwitterion Anion
Net charge +2 +1 0 -1 -2
Ala 4.35X10°® 99.6 0.30
Val 1.96X107° 98.5 1.49
Met 7.88X107° 99.24 0.752
Gly 547X107° 99.62 0.378
Ser 1.13X107° 98.93 1.060
Thr 1.58X10°¢ 99.94 562x1072
Asp 119X10°* 99.77 0.228
Glu 4.25X107* 99.67 0.322
Lys 1.66X10°° 88.33 1.669
His 6.68 1072 98.92 1.012

“were calculated by the Handerson Hasselbalch equation.
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Table 4. The percentages of the cationic, anionic and zwitterionic species existing in the source solution at

pH 9.7
Percentage of species® as
Cation Zwitterion Anion

Net charge +2 +1 0 -1 -2
Ala 2.15X10°¢ 49.52 50.5
Val 1.99X107° 50 50
Met 9.00X1077 2847 7152
Gly 9.26 X107 92.64 7.35
Ser 7.11 X107 21.98 78.02
Thr 7.17X107% 84.30 15.69
Asp 1.05X107* 66.61 33.38
Glu 1.93X107¢ 4426 55.73
Lys 1341 75.42 1115
His 4791073 24.02 75.97

Table 5. The hydration numbers of the amino acids
at pH 7%

Table 6. The hydration scale of the side chains in
the amino acids (AG kcal/mole)(25°C)#%

Amino acids ny Amino acids Hydrophobicity(kcal/mole)
Alanine 341 Alanine +0.5
Valine 343 Valine +15
Methionine 6.16 Methionine +1.3
Glycine 2.63 Glycine 0
Aspartic acid 4.85 Serine —-03
Glutamic acid 541 Threonine +04
Proline 2.89 Asparagine 0.0
Tryptophane 8.83 Proline +2.6
Leucine 4.96 Tryptophane +3.4
Phenylalanine 522 Tyrosine +23
Histidine 6.83 Phenylalanine +25
Arginine 5.40 Isoleucine +3.0
Leucine +138
Glutamine —-0.1

8|34 B|MEI2E ololictol cigt pH Hxt
2ae) pH7} 1.9, 39, 7.2, 9.7 X 13.32) A3} 4]
P(HEMA) 2+-& Z3le] 5947 opv|4hs AR
S o AARE Table 99 FIF3ct FHAAT
FAATE v Wbd e g o] Ak ox] FA
doog ZA4E ARt A7 R Wl e}
thA] Ztadhe A3 Halrh o|9) o] FAUEY
LAl A F2A e} FejAer HubH R &
ol FA 99N molar volumeo] 7} A%,
T3t P we FFAo|2BEo] Table 8oA
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Table 7. Dipole moments (Debye) of amino acids®

Amino acids Dipole moment(Debye)

Alanine 174
Valine 17.2
Glycine 17.0
Aspartic acid 174
Glutamic acid 16.8
Asparagine 17.6
Leucine 16.5
Glutamine 17.1
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Table 8. The equilibrium water contents of P(HEMA)
membrane at the various concentrations of amino
acid solutions and pH solutions

Concentration® Water content(%)
01 M 38.69
005 M 43.32
001 M 43.87
0.005M 4427
0.000 M 44.71
pH? Water content(%)
2 38.98
5 39.16
7 4471
9 41.55
11 39.78

*Concentration of amino acid solution (Methionine),
%pH of solutions.
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Val>Ala o248 E§epe] 713 499

1 K¢}
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Table 9. Relative permeabilities® and diffusion coefficients for various amino acids through P(HEMA)membrane

in various pHs

pH 19 pH39 pH72 pH9.7 pH 133
X108 DFX108 UX10® DX100 Ux10® DXxX10° UX10® DX10® UxX10® DX10®
Ala 0.77 0.25 435 3.09 8.18 3.93 3.92 1.65 0.64 0.19
Val 0.91 0.31 314 242 8.32 2.79 7.07 2.78 334 0.94
Met 0.35 0.14 2.82 218 8.83 2.59 5.12 2.09 2.73 0.73
Gly 4.18 1.31 5.50 1.93 6.41 3.03 6.41 2.03 1.35 041
Ser 1.88 0.45 2.89 220 412 1.07 4.62 1.06 0.61 0.14
Thr 1.92 0.44 2.56 1.88 4.10 0.99 541 242 1.82 0.32
Asp 5.69 2.45 492 226 483 1.52 462 1.07 0.37 0.07
Glu 5.35 2.35 494 2.06 3.80 149 2.61 0.94 0.16 0.02
Lys 0.13 0.03 0.62 047 3.88 1.32 384 1.46 3.96 1.96
His 043 0.17 1.02 0.82 5.31 1.69 5.62 2.37 5.73 248

“are obtained by HPLC. *U(cm?/sec) is relative permeability which expressed in U=DXKp, where Kp is a
partition coefficient. ‘D{cm?/sec) is a diffusion coefficient.
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free waterd %3}4, Ser+ bound‘} interfacial wa-
terg 22 3o Fitse, PHEMA) 92 Sero|
Za9] APA g Fo Helvirle shx|RE ERE
7)ol w2} F3Aee Z77F AAFHAR R, P
(HEMA)= vlAlFete s z2hg-gcth

pH 133¢] 3o = F34A 57} Thr>Gly>Ser
Fo 2 W3t ol AgAde F9 dAIEE,
£-A 3 wte) A5 ahg 02 Bxjgke] 713 & Threl

£ Zxch B2 o] FAgde AL -] P
(HEMA) =¢8] -4 2ol 2 Fuajso] iy 2&
ojujgict. 2B A3k G EAd A FA v
A&} olrliAte P(HEMA)®] boundY} interfacial
waters £22 3le] FilF|e] 2o, PHEMA)=
Hofute 2 =hg-ghc)

BMst2EF otolcilofl ci3t pH &2} 3}
A Aspet Glue FAEY £94 9% o4
o] &5 7HAx, 55 =& Millero®el] &3}
Glu>Aspel 1, #52F LW EE= Asp>Gluo]H,
2423 molar volumee Glu>Aspe]22 Ex} =
717 A3 ¢ AEE dg 05T AR vl

o 212
=438

o

Mt (B de
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&, B2 ZelEs} 2 Aspe] Gluxch & F3
ALE 71 Aol s, o) AdHF AAFE
£ 4 qch

T3, A Lo Me Pol &t FFA L
o] %7} Aspe 628 37013 Glut 67t 320)E.2
ool o] <}FEAJo] M} 2ufr} Wol EfEEz
s vl A FEA]L B} ol
o] o] & Zolth AAR 37} @elR FEHAo]
£20] P(HEMA)©] free water 22 3le nlA
Futo g EiEe Hur} ool £He] P
(HEMA)2] 2A43}e] Atz ztgol o3le] wuhe] Yy
2 Fulse] EaiEls Feighe] 2hge] o -4 8]t
t$ o]l UF3h= e YAo] pH7.2d wrc}
pH 394} pH 194 ol F-3A¢7} So8ke A& &
4 gtk 2Ee Adcdg Ll Fuite
ztg o0& L2o]2 oln|i4ite] boundu} interfacial
water2 FAtglc) 2eu} F olm|iAle] FF
o] AL YehiA % AL B+ Utk

F, 4714 Sl pHO74 A SZEAo) 2
o A EAElA| 93, 17}20]l20] Aspd 67%,
Gluo] 44%9) 3. 27}80)2-& 33%9] %, 56%0] 2.2,
17F&ol &8} 271-8-0] o] PHEMA)¥ A% o] 7}
aHA zHg3teg, 17hge)29 o] BE Aspl
F3A 7} 27H80] 0] o B Gludrt F3A
F7} & Zoln, pH13.3Y 7§l 27}&0]&e] A
HAHo g2 Frsln, F oln|kAte] F-3AS7L pH 9.
780} A HAHSE B F Uk olAS Uk
o]2o] P(HEMA) WelA 74§ Ao 2 boundit
interfacial water® B2% F3slA] g Az
7o)ty 2 BE Fol& opu|iAld G|
gole] pHO7H e Foiute] 8oz it
5lz pH 133 #2oAde 271&e]23 P(HEMA)
ate] Bz 733k Al ¢J3te] boundrt intefa-
cial waterg E22 sl F3lEe ofo] Yol &
o] 54 =<l

UM E2F otoficitof st pH E 3}
7} Lys$} Hist pH 729 F4-84elA o)
22 08% 7} Lys#}, EA0l2& 9% 7HA=
His®] S3A4E v Ex=3 molar volumeo]
2 Hiso) Lys¥t} 2 £3A45F 7}2lt). o] His
ofZ o) o] pjFFolx F3p7} ohE ofm|iAb

ol &g

Table 10. Distribution coefficients for amino acids th-
rough P(HEMA) membrane in the various pH solu-
tions

pH19 pH39 pH72 pH97 pH133
KD KD Kl) KD KD

Ala 3.08 241 2.08 2.38 3.36
Val 2.93 2.29 2.98 254 3.50
Met 250 2.29 341 245 3.73

Gly 319 2.84 211 3.15 3.29
Ser 417 3.31 3.85 4.35 4.35
Thr 413 3.36 412 223 5.68

Asp 232 217 317 4.32 5.28
Glu 227 2.39 2.54 2.77 8.00

Lys 433 232 2.93 2.22 2.02
His 2.52 2.24 3.14 1.95 231

2o} 327 g F FA9d &Yl A free waters
E822 3l go] T3¢ Holrh

pH 1.98] At iAo A 27}9fe] &0} Lyse 67%,
His& 45% 8|3 17}%Fo]2-o] Lys 33%, His 55
%o| B2 27}eko] 0] P(HEMA) ¥4} 73k A
Ho 2 qldle] 27}¢ke| o] B Lysd F3ATE
Hiskr} 1/30} Hov, $A44-Ho 4 Lyso] el
o] 98% o2& pH 39l & 27bde] &3 17}kl
& o) | " FAATE HisEot
Lyse] #tA&3tx it

pH9.79} 7149 S = Lyse 17}de]
134%, FZAo)Lo} 754%, 17F&0]20] 11%o2
oz 371xle) ool FAll EAstx, P
(HEMA)2] E3teo] 9d7]Adcde &4 Hermz
Papekel =] o3zt 4y PHEMA) 7+o] 4
Fago g REaAee AXNE B 5tk

sl wE BuliAle R i T
o) 52l FuiAF(Kp)e Table 10¢] +2-3}giow,
FAaA D)t A AR, o-&

H)FA 8|33 olnxibgoe] pH 72004 FulA
47} Met>Val>Ala2l $40]2, i+ Ala>
Val>Met®] ¢Aolc}. Exie] Arp7t 7B He
Ala®] 2Hibe] We] mw Bajzke] & Meto] AA
ikl Ae EAre 277 Hale] A e
o3tk AL o § 9o, Mete] BulALr) E
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7he-E Il M gerng Egske]l @S P
(HEMA) gt &ollA 47 Ful=)7] afFolc}. Val&
Eafggo] Fzbeln 3w Aladh HIRdL &
Ao AY =AW PHEMA)7 A4 &9 3
o] Wr) wFoll Ao o] ZA R
BE5la, Bxpe] =77t RujApel] 7] Aelch

pH 199 AR S-doA= EuliAl7} Al>Val>
Meto| 2 #alAl47} Val>Ala>Meto)c). BujA$
7} Alao] Z3 Meto] & A& 3 =79k @
A=z, &AAG7E Vale]l 718 23 Meto] 713
A A& Valo] &4d0] 714 A3 pH 19404 P
(HEMA) =te] AAle] E§aFo] 7] wjfel &5
Aol AAe] AABE Fujuhg Fale Valo] ol
a5l ol

pH 9.7l Al+= EujA|7} Val>Met>Alao]x &
A7) Val>Met>Alaolth, & A4 2571 £3)
g3} F3lpole BANSS o F olon, 2449
dgFe] BARE & 4 slch

FA4 v]A3} oln|AbEe] pH 7.29] /4§l A
EulA47F Thr>Ser>Glyelx #4kA|4+ Gly>
Ala>Thr2A FulAFr & A FHEYNA 4
ZAo) 2] Exv]7} Thr>Gly>Sere]”7] wF-oich.
Thre] FuljAlFr 2 AL FEHAo)| o2 ol
ZA&5% PHEMA) =hel] wo] Fuld Flo)x,
Ful A5t Sere] Glydth & 712, Sere] 49
Qo) AFAela Glys A4 HE ZAA
71& 2.2 Felr] wio) GlyRth AeAelng £
geko] W& P(HEMA) =l GlyRot Sere] ¢
Euj@ Zolch pH199 M FuiA¢e =277
Ser=~Thr>Glyel2 &A% Gly>Ser=ThrZ4]
FApeke] =7]e) 9&Eji)

pHO9.7¢] 7|3y £Qol 2] FufA|F2] Z7])=
Ser>Gly>Thre]i #4AIg~= Thr>Gly>Sere]ch
Sere FFAolx Thre& &4y Gly2 1 &
7ho| B2 olm|mAte] ghol] FulE: Z7)9} A3}
22 FujAe @rle &5 Al 93l
gL wheriy B 4 ol @, TR &
A3 9] A7)l oJsled AgrAde] & Thro] 71 23
152439l Sere] 7} ) ol oA EAH 4
442} =7)9) wg} bound} interfacial waters}
Azt e zlol2 F4lel =7 ddkg wiAc)

2

b
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pH 133014 2-ulA]E2] 27)= Thr>Ser>Glyo)
2 FAHSE Gly>Thr>Serolt)h. BA4HAILE &
FAe] EF gale] ARE & 4 Uz, FuliAl
T Exivlel oel HAIo

ol opmiAte  FAdAdA  FehAr}
His>Lysel® 53447} His>Lyse|th Hise
sh7h 228 B9 §hgfe] & PHEMA)Y Wlf-2
ozl deld Aele, #aASr £ AL P
(HEMA) U9 free waterg $3to] 37 ¥
Hise] ¥ & FAlake ZA|qt go]slc].

A3 gAe FujAr}t Lys>Hisql R
27}eke] &8} EAn]7} Lysoll4] =3 HisellA] #7]
u i P(HEMA) 22| §Ael Lyso] ©f o] +
w=7] w-Folo, #AibAl7} His>Lysql 2 17}
%e]&e] Hisoll 4 B} LysollA] @7] oo, 27}
Fol 22 Z3tAl P(HEMA) ¥4 ZgsAqt 1
7iefol 2] ik AA ol

pH9.7¢] 7] Ad<d &el 4 A g~= Lys>
HiselZ #4HAlee His>Lysolth J&HAoj29
Eau8)7} Lyse] Z7] wi&ell 28] WH-2 v e
Ful7b 7hssbe, #4ke Hise 37l @7 o
el & F3t B2 52 Hisol g4tdt 754l o]
Ak Tl A FAPY &4 A4 &
Ho| 4] FejAlF7} Asp>Glue] X FAHAF7}E Glu
>Aspo]t].

FA9d &9 BF 9%7) (—)oleee &
Aty F377L Gluel Z2R Aspiot F4kAl57)
aw, FujA 7} Aspo]l E A& FAEFe] Glukch
Z7] wjgolch pH9.79| 474 A9 FA A4+
A d9# xR pH 13391 A$ Asp>Gludl
e 7Fd 71l A 27 eFel 0] EAu7L 2] o
ol

22743 ofu|4to] P(HEMA) 22 Eslo] &
A W 27 et opddt AAE Jehdo
ojefzhe @Ak A el 7 A uje} ol
kel FEAke] zlele} wwste] Foff ozt A
Aol A o)Al o]FHAE Y 5 UE A
22 oAt

thA]utsls L-glutamines} L-glutamic acid”} |
e WA e 3% o glutamic acid7} o e
%315 % & L-asparagined L-glutamineX.t} =2]
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A F38 # ol YA & F3ehe F< aspar-
tic acide} gtEUolZ slpRAE ARt 2L 2733}
| 4] L-glutamine-- o}F-¥ =slgle] WS ¥
et "ol oleid FAe WAHE A3
QAo A3} ofu|xAitwte] A5AE-S 2w’
}.
oe)7}r] 24 L 712+ PHEMA)S $31o o}
o)Ak FAA FAF-E FEEeEN A
Aol Fo 24T 48z PHEMAYS A
o] A o]-&% o A9 st EAFHL] A5
AE FEsked Egol sk

4 £

A4 EAaq poly(2-hydroxyethylmethacr-
ylate) PHEMA) =& %§3lo, #2384 et 27)7}
tt20] pHe| Wsld we} o] 2Fo] tl2m = &
Au)7} Gk e opu|iAke BAHAIZE o A
9 giAg 9 FulASE FHse Tz
g7 sk

P(HEMA) =H& 444 oln|x4te] =9 pH
Wl uwiel B3] Wslyl 23] dgkod, F4
g fdojr EFege] 7 zow opuliibe]
o B AYe $E% 001M 7iAe & Hsl
Aglert, 005 M olAtol X abo] 7} Bt 18X
230l o}n xS P(HEMA) =& $3to] ghabA)2d
o AubElo 2 AL Zlon, F7)|A, 134
o2 s}k ol opv|:4be] molar volume£]
2712 vlwg o3(NaOH)>¢(HCH> ¢ Ywater) 7 3}
olxtx] gromz olu|iite] #HAle] odgkS vl
Ay FLA7F E3e Zbe] ohehe e &
otch. 1 A3} ojp|iAbe] Fxel whe} vreiA:
4RFE FAog 1 EAS wasld By, ohg3
7},

(1) ¥4 "Ha1E ke oujxikd F4
oA AL P 23 G714, e
o8 zolzaich ol AAAQel e Folo]
(HEMA) #3435 Adtsle) F3AS7E o,
F4939 Ao ME o} & M wel T3
= 3Rl 7Pt B ol EAuIZL 98%°)
Aolm 2 olul: 45 P(HEMA)Y free waters

o

o A 2

53l garEn, & njgFtes 2EgE o
gtet.

2 34 v¥AsE e oAl FANEY
S GG FIgrE & PR
ZAse EAv7t =23, ¥2 2717} AETE F
A7 ARNER, 54 v|AHE oin|:ite free
water® FEE 3t FAHT 4 wAFEteR
gt} =3 $7 Ao 9714 SdedA free
water2} bound} interfacial waterE F3te] 4k
Holx|x)ak 7ted 1A fHol A= bound ) interfa-
cial water2 #Ahgit}

(3) &°le% 7HA+= oAt FAEYAA] P
(HEMA)E= =A% o2 free waterE E3}o
garE=)ul Ak 4ol 4= boundi} interfacial
waters 3l #ils|w Fuiutoz 2gghg o
= Qloh 2Ey F ool Alzlel]l AR Aole B
F gk

(4) Fol&e F49d &4 Hist 4dol¥
o olled bulk-like waterS F3ted FHit=Em, P
(HEMA)=He wlMgate g zbg-sigic). ey 4
Aol A (+2)0]20] B Lyso] oo 7gt Ag
24 g Foll FHAFTE S5, 9714 Sl
e Lyse (+)0]&, FAold, (—)ole] Al
A4 glerg, O SiASe I3 Aszrs
a2y £4 2AR FIse] FaAer) At

o)Az} o] P(HEMAYE E3le] olvl:ibe F
FA A, gzl rg: FEToRN AAHGAe] §
2 2z o2z PHEMA)Z Aol o]4¢
o QAU oJeirtx] EUERNS] A5 FAE
shedl =gl Hoh

2 AT BB Qe Aoz 49
sheon] ol 7A1E =

2 8 2 ¥
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