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2 2. w-ole|xAkl g-alanine & y-aminobutyric acid @] A GFE AT EHE o]&3le] &
(20~40°C) 2t oH# (1~-2500bar) & AHA7IHA A3, 247 ole|kabe] F 71x) S+ 25
7b F7ksbd Ukl o] Fosld K& Fr1skARl Kov 24astan), slgadeg o435l o
7k @R AASE AR o] EETH dE|ntkge] §4& dolisitt, w-olulkile] #HA4E
sHel7]sh X871k Arle] AR depugivh, WHESAE dolrr] 98] Hammett HAE M4
slo] ukge) A37| A9t atefol wWE uhA-E AL w-oln)xAle] EA4E ¥ A 4
3l WS W EARA dolr il

ABSTRACT. The dissociation constants of g-alanine and Y~aminobutyric acid were measured in the
temperature range from 20 to 40 °C and pressure up to 2,500 bar by conductometric method. The both dis-
sociation constants of respective amino acid increase with temperature increase but pressure effect is not
same as the temperature. The X, increases as pressure increases but X, decreases. The properties of these
amino acids were discussed in terms of the thermodynamic properties of the dissociation reaction. A rela-
tionship between the dissociation constants and the distance between substituted groups of amino acid was
discussed. The substituted effects of the reaction were deduced from Hammett reaction and substituted
constants which were calculated from the measured dissociation constants.
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PK PK,
Ref This work| Ref This Work

A~Alanine 3.551 3.552 [10.234 10.178
Y- Aminobutyric acid| 4,031 4.037 |10.556 10.476

P A9 A4 dHE Qo pKgke o
78l Zolzt gk, o g8l Aol FHAdME
AsbellA 7L o] 8 A E Aol
A Dol Hiol foldt Ax=g AT

Table 1. pKa values of g-alanine at various tempera-
tures and pressures

{a) pK;
Temp. (°C)
Abars) 55 25 30 35 40
1 [3564 3552 3539 3528 3518
500 |3.462 3453 3442 3343 3.426
1000 |3376 3368 23360 3.354 3.347
1500 |3.302 3206 3289 3283 3278

2000 | 3.239 3.233 3227 3222 3217
2500 |3.176 3.171 3.167 3161 3.156

(b) pK;

Temp. (°C)
Abars) [y 25 30 35 40

1 [10.306 10.178 10.305 9.915 9.802
500 |(10.376 10.237 10.076 9.951 9.823
1000 110.406 10.251 10.108 9.970 9.845
1500 |10.438 10.286 10.137 9991 9.861
2000 110461 10.315 10.151 10.003 9.881
2500 110485 10.338 10.173 10.022 9906
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Table 2. pKe values of Y-aminobutyric acid at various
temperatures and pressures
(a) DKI

Temp. (°C})
20 25 30 35 40

I [4.045 4.037 4030 4023 4.016
300 | 3924 3918 3413 3906 3.90]
1000 |3.834 3838 3824 3818 3813
1500 | 3.742 3737 3732 3.727 3723
2000 | 3661 3.654 3650 3.646 3.642
2500 | 3578 3.574 3570 3.566 3.363

Hbars)

(b) pX,
Pbars) Temp. (°C)
20 25 30 35 40
1 |10.634 10476 10.319 10.183 10.051
500 [10.699 10.512 10.349 10.207 10.058
1000 {10.733 10.555 10.383 10.231 10.076
1500 (10,752 10.578 10.424 10.244 10.093
2000 [10.789 10.598 10.46Z 10.264 10.115
2500 [10.821 10.632 10491 10.283 10.141
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pK==+CT-D (11}

pK,=487.79/T +0.0029930 T +1.0230 (12)
pK,=4218.2/T +0.0205237 - 10. 096 (13}

y-olul BB Abe
PK,=175.48+0.0004711 T +3.3082 {(14)
pK,=5736.4/T+0.0332997 - 18.695 (15)

22 5483 4ASE 0,999 ol 4olch, o] F
Ao} 44ghe FHANE A2 g Te vehy

ek, ole} 2 zlols ALt Lyt o=
4 ex Zdeln Az, = B o
20~40C oA cpEon} F3AE 0~40C
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PK,=409.37/T +0.0026385T +1.2924  (16)
pK,=4588.8/T+0.02214T - 11. 764 (7)
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Table 3. Thermodynamic properties for the dissociation
reaction of S-alanine

(a) pK;
props.
Abars) AH® AS° AG® are
{kcal/mole) (eaw/male) (kealmole)| (cefmole)
25°C 25°C 25°C 1000 bar
1 1.014 -12.98 4.85 20°C-9.2
500 0.780 -13.21 4,71 25 -92
1000 0.633 -13.38 4.60 30 -4.1
1500 0.533 -13.38 4.50 35 -9.1
2000 0.484 -13.25 441 40 -9
2500 0.386 -13.11 4.33
{b) ph,
Props.
Abars) AH® a5° AG® Ave
(kcal/mole) {e.u/mole) (kcal/mole)| (cc/mole)
25°C 25°C 25°C 1000 bar
1 10.95 -10.70 13.89 20°C 4.3
500 11.99 - 765 13.97 25 4.0
1000 12.16 - 7.35 13.99 30 35
1500 12.32 - 6.20 14.03 35 26
2000 12.72 - 5.70 14.07 40 24
2500 12.87 - 4.60 14.17
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Table 4. Thermodynamic properties for the dissociation
reaction of Y~aminobutyric acid

(a}pK 1
Props.
Plbars) AH® AS° aG° ave
{kcat/mole) (e.u./mole) {kcal/mole)} {cc/mole)
25°C 25°C 25°C 1000 bar
1 0.611 -16.43 5.51 20°C-10.8
500 0.475 -16.30 5.35 25 -109
1000 0.426 -16.03 5.22 30 -11.0
1500 0.416 -15.76 5.10 40 -11.1
2000 (.443 -15.43 4.99 50 -11.2
2500 0.334 -15.29 4.88
(b) pX,
Props.
Plbars) AH® A8° aAG*° AV?®
(kcal/mole) (e.w/mole) (kcal/mole)| {cc/mole}
25°C 25°C 25°C 1000 bar
1 12.07 ~-6.81 14.29 20°C 4.2
500 14.00 -3.35 14.34 25 38
1000 14.07 -2.15 14.40 30 4.1
1500 13.68 -1.88 14.43 35 24
2000 13.94 -1.07 14.46 40 1.9
2500 14.22 «0.50 14.51

¥ AR FoM AH®, AS ¥ AG'E 25Tl
28] zko|li AV = 1000bar 3lolAel Fhakg 4
Elfl Aoloh, A WE diEez 300~1100
cal/mole 949 gelm AH', = 10, 000~14,
000 cal/mole &) 3 7FAc), o|AE AH 0| 7}
254719 el detsinr? AH = ote]xr|9
sejol]l sigtebe ®dln . & RCOOH=
RCOO~+H*$} & 72 8A47]9] o] ¢3fd e =
23] 2koll4] —168cal/mole ol =gl Ak A
+ +1280cal/mole°]t}, = RNH,;*=RNH;+
H*st 2 dugrly oledelie G2gl
A +12800cal/mole o] oG RHIMNE +
13, 300cal/mole o[ v}, 25CefjA] g-<teld el
AH=1,014cal/mole °} 2 AH;'=10, 950 cal/
mole = F8X AH'=1,176cal/mole, AH,"=
11, 040 cal/mole 9} & Ao)7} gick, AE=S &
gx  AS°=-12.98cal/deg, AS =10, 70cal/
deg 84 F8x AS =-11.77cal/deg. AS’=
10,22 cal/deg 3} 2 o)z} gich, y-olulxi
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Table 5. Measured and calculated pK values of some
w-amine acids at 25°C, 1 bar

a-Glycine f-Alanine | ¥-Aminobutyric
. acid'
Exp. Cak. Exp. Cak. Exp. Cale,
pK, | 2369 2.33 | 3512 3.58| 4.037 4.00
pKy | 9.675 9.82 (10.178 10.27 {10.476 10.42

'Als il AH "=611cal/mole (F& X =405 cal/
mole), AH,'=12, 900 cal/mole{12, 070 cal/

mole), AS,°=-16.43cal/deg(—17.09cal/

deg) %t AS, =—6.81cal/deg(—7.82cal/deg) E
A F#8x| 2} Z xlo]7} glrh,

e alg-9] qbEe gk HEetn £ 4 Ue
ahg-e] Bo3he 5 7hx) ofu|xAbllA it
e 7HAT, F AVE —9~—10cc/mole B=
o] Z+e F AVE 2~4ce/mole A= 2
71% vehigler, o9t e AL ¢ ojn|:
Ake] AR v 43S veplz Ut w- ol
o|xAbe] siE) A5 slE]7]et A7k AR
ABR/AZ Gotrgtet, MM BR{ 2-27
A 2 A7 g-odepd 9 y-opal=frl e
2] 42k Mclnnes 2| #A)2al (1)A2 o&3t
o Ak sl)aeE Table 5 FERIAT,

A9 AR Apolells 27k Abo|Zh U
o}, 2y pKust S B A AT
(134 2okl Aoz Ao} Ao AAI=
e Vel AL o2& 4 Uit Table 62
Aggholl A3 sjelule pK.o S& ek A
o|m o|RA Fd pKE AALsL 0.999714]
pKE 0,994 s 52 Jebd 4 Usick, o =
d zte A7 vlag(e=1, =2, y=
32 F3 pK.ot S siebe|elake 22E A3t
o|r},

Greenstein ] 4l (4)41¢ ol&3lz A
stelelell 22k o€l wiAlel sieielE pK.
ot S5 Table 73+ 2ol Aspd AnAA7L v%
Z2e g 4% 4 YA,

pK.t S srelele & ghao] Fohstd dAAHe
2 2% 2z Yok F pKlahe HEHel S0t

o 2% Zlske glch, zeid SEL S =
2aste SE B Al

o
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Table 6. pK . and S values in equation pX = pK . =5/d
at 25°C

Bar [ pK|, S r | PKy, S, 73

1] 48291 24705 0.9992| 10.8163 1.1563 0.991
S00 | 4.6864 23909 0.9990| 10.8652 1.1637 0.995
1000 1 4.5799 2.3448 0.9990] 10.9027 1.1810 0.99)
1500 | 4.4836 2.3115 0.9997( 10.9298 1.1785 0.993
2000 | 4.3992 22868 0.9997 10.9462 1.1600 0.994
2500 | 4.3106 2.2467 0.9998( 10.9820 1.1760 0.992

Table 7. pK. and S values in equation pH = pK. -S/i2
at25°C

Bar | pK e S 4]

1147505 2230 1.000|108%10 16.95
500 | 4.6107 21.59 1.000 [10.9386 17.02 0.9994
1000 ( 4.5058 21.18 1.000 | 10.9790 17.31 0.9979
1500 | 44101 20.87 1.000 [11.0052 17.26 09987
2000 | 4.3259 20.64 1.000 [10.0201 1698 0.9990
2500 | 4.2383 20.27 1,000 |11.0573 17.22 0.9985

PK», S, 2

0.9978

Table 8. Pressure dependence of hammett p- parameter
for the dissociation reaction of some amino acids at 25 °C

@ for X,
p1=0.2067 7=0.9999
psp0=0.1958 7=0.9999
P 2000 =0.1863 7=0.9985

o=~0.45(alanine), -0.55 (glycine) -0.55 (leucine) -0.60
(tryptophan), -6.25 {g-alanine) -8.60 (>-aminobutyric
acid)

(b) for Kz
p1=0.0776 r=0.9979
0500 0.0862 7=0.9991
0 2000=0.0908 7=0.9958

¢=-0.5 (alanine), 1.0{glycine), 2.5(leucine} 5.5{trypto-
phan), -5.3(8-alanine) -8.7(Y~aminobutyric acid)

w-oke|=4le] S (DAlu (945 e
BRPAAE o) g3pd el AsE Jrhy 4 g
3 olF AolA9) stejv]eighe ol fsle HiRe)
54F dohd 4= ok, =22y oln] A Ydein)
UE AW Yo e FAFE oL oy
@71 Aok, AyolA Hosiod 2 ulgl o] of)
A4S Hammett o 432 #g3le wgteh &
W71 A5 Ane wpis} Po] Qlejz UAsin
ol gt AYHEIE =Abslo] Toble 8ol
e},

AolA oY Ago) 442 9ke Zhol =
WM YAdE e Fon & 4 o),
LA (o) e el Fola Kol g e
st Kol A g4 23e 2oban
oIALE AAHEo] FE e wkgAre o)24l0] 1)
Ehi e vleh o) whg A% Luyws(s
AV)), AAsusk(o(ax’)) SHRLs
(8 %)l 27] §3} Aaks}r) whFolc},

o (T P)=- 28 V(18 (ax*) -1y P - £1)

(14)
e AR Fas s(AV)E Helurge
g watel 24 24 & AHold, K9 AL
TS Aot A717t #elsied spde] A=
F 0AVIE 29 e slag, olea B
WAl A el Az 7bo] upgaa pE B
°Hich. 2eht K& stae Wy gAY 2
e AR AVIE P9 e A o)+
Af2 s 499} o] gtgo] 2w o b 13
45 (p)E F749,

€ AFE Ead AzdY $49TFY AY
22 o) Felgon olof 2& BAF s},
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