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ErntEadsea o e 2A4EE 2= TEH e A KA @EHLd 87 2
gko. 7+7) 230 kD 135 kDolgr}. 10 mM E# 2] 7= T8 4= 70% o4k 844 &2 vk
kot K-8 &4 s oA E 2] esith. Homosernedl| tigh Km-2 T-3e¢] 1.6 mM, K-3°] 0.3
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Homoserine dehydrogenase(HSDH, EC 1.1.1.3)= as-
partate 3-semialdehyde®} homoserine2] A% A&
Sfjsle B4 ofAH 2 EAMA oAl AFA
A%} dAEA 22l 9lo] 2T 9TE ok o) &
2ol gt A F7A ] A HE B A, 3 ol
= 2w A olvel $ARAT} sk =9
Lol o3 A== AIHT-H) Fo-& LA ¢ A
(K-3heg og=chDiCamelli and Bryan, 1980;
Matthews et al., 1989; Turano et al., 1990). L Blefl A
o} o] Folaldl] Q& Eo] JA=HE A% UX|
wH(Giovanelli er al., 1988; Hama et al., 1991) &3+ 7]
& o o). S50, 7}9] E HSDH & K'o] oo B4
o] HAHH, AA, T-33 K-3J-2 pHel Ed o] 2
K'e] FxWslol od) Alzasdo] 715d Ao &
224 9]ch(Krishnaswamy and Bryan, 1983a, 1983b;
Angeles et al., 1989; Matthews et al., 1989). 4] £} <]
733}l o5 o]2fgl AEA S BEAL olamiE
EA otulxAl AA RS £E XA o &
£ 3= 7l o2 deA| 51 9) o, 53] aspartokinase?]
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g4 %z glvhe AL Z (Angeles ef al., 1989, Wil-
son et al., 1991) HSDH®] 7)%9] WE 4l < 7
A1 9i}. ghH, Al EolA o] Eae HE A A3}
= 7oz o4 gle] A (Bryan et al, 1977; Sainis et
al., 1981), A 28] o] Al o) HAsHA At
o] lvky oA glvi(Mills, 1980; Bryan, 1990a;
Turano et al., 1990).

R F7HA Al E2] HSDHE o, E2]d=4), wfokA)
Folla] F2 37 =g e ] (Bryan et al., 1977;
Matthews ef al., 1989; Turano et al., 1990), §EH7}
S5 ddslA] 25 el %[0 xgdl =
HSDHS] A=] A5}shal ko) wigt od-r-A A7 72
S Aot} HUFeldE Az FA MR
HSDH &4je] Alds] Z2 7102 AL, 3
U E7 & Canavalia2] A&l B8 42 cana-
vaninee| ERElL ¢ler, o] FElelm|ARE ar-
ginase2} canaline reductaseo]] £]3)4] homoserine 2.2
Ak = ¢l>] of Eoll(Rosenthal, 1992) @} =72
s ellA]= homoserinee] HSDHe| &)sle] as-
partate 3-semialdehyde 2 2135 F o}-& ofr|pdlo]
U frl4ateRe] Hifo] dohfa] o]4H £ gle A
o|th(Bryan, 1990b). wiztA] £ ATl AT F
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Homoserine dehydrogenase®| &3} StMEH

ol 3 8= (59 -94-39-9) Aol Q1A S
(50 mM, pH 7.5, 2 mM B-mercaptoethanol, 50 mM
KClL, 5 mM E# 24, 1 mM EDTA e 1:1(viw)
2 Z718le] Waring blendor2 =44 s}sic). whafoll-8-
63 2] 722 AZ F 20,000 gollA] 3087 LA Fe]
s} Qe ARG 24N 2 AFEH) Ba
g2 7]4el 15 mM homoserinee] Za+g 50 mM
Z2]4l-KOH ¢5-8-(pH 10, 0.15 M KCl, 1 mM
DTT, 1 mM EDTA %3h)o]| A ke] g400-L A 7])s)
o] 35°CellM 1087} H¥ 517 ¥ 048 mM NADP
= 15 mM NADE #Hrpsle] dhe-& A2 slgdv).
B B A4S WA F 53 Fakd] dofvte
FREe] HHAE FEEAHE 2487 1 mLY
HhedellA Awrd 1389 0.001 714718 EA84
+ 1 unit=. 3}% v} (Mattews and Widholm, 1979).

HI|GE oMl SAEM A4

Davis(1964)2] vh# o] wle} acrylamide 3¢ 2ol 4]
AEE ANG 5 712 DA o] 2R 01 M F
2]41-KOH $5-4-9(1 mM EDTA, 0.21 mM pB-mer-
captoethanol, 0.15 M KCl, 24 mM homoserine, 30
mM NAD == 0.96 mM NADP, 0.266 mg/mL% ni-
troblue tetrazolium, 0.025 mg/mL2] phenazine metho-
sulfate E§H)el] A-2 5 35°C at4-o 4] 3087 BS
}5m A7 HSDHS ZAFE YAk
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(Matthews et al., 1975).
Homoserine dehydrogenase2| X

HN2|Qt SA D EETY

ZELAL 55°C0) Bol Fro] 8¥7 dAele
F 0°CollA 3082+ WZEAZHcH(Matthews e al,
1989). o= F1 A ¥ D2 20,000 gel| 4] 2087k
AEEEte AASLT A2 A Yol Pty A7
& 7bsRiA BAe] Uehis 23(25-55%)2] A7
= 20,000 gollA AAlEa]sle] dgi). Qoiz] 2R
E£€ 50 mM Tris-HCl 3529 (pH 8.0, 1 mM
EDTA, 2 mM B-mercaptoethanol, 50 mM KCl, 5
mM Ezod] 3ol 16417F T FA8w 20,
000 gl 2087} YA¥2jato] e Aole HY
& 222 Abgsg

DEAE-Sephacel 3 20}E 1241]

Al2E 50 mM Trs-HCl 2+2-20(pH 8.0, 1 mM
EDTA, 2 mM B-mercaptoethanol, 50 mM KCl, 5 mM
=@ 2] Z3ho] #$)% DEAE-Sephaccl Z& (2.5
30 cm)el] At A B9 3ufe) TUG P2
Hoz AL AAFE F, 0~05 M2] NaCl % 7]¢

7R 4= LFAAHY} LEa2 T A7 20 mL2
ol om, £E BujE= 3 mLi A A4 Ao
= 28& 2ol Amicon kit(YM 30 membrane)® &
Fahget

Sephacryl S$-300 &l 3 =0lE a1

5% A EF 50 mM Tris-HCl $+3=2-9l(pH 8.0, 1
mM EDTA, 2 mM B-mercaptoethanol, 50 mM KCl, 5
mM E# o Z3He] A3 Sephacryl $-300 A=
(12x75 em)oll A F Qg dxsdog 7
% 20 mL, $9% 2 mLY SEAZTh B4 BHEH
23 2708) 24 peakr} Yehtz 10 mM Ed.ey
Helol g &AWsE PR Ar)dEoR
zAsle] T-99 K4¢ 2Eaisc. T-97 K-4e)
A|2-F Amicon kitZ o]-g8}e] 7}z eZaled T} o}
Al AMgsision, BA AHE ke apof-
feritin(443 kD), B-amylase(220 kD), alcohol dehy-
drogenase(150 kD), BSA(66 kD)E ZFolalxl 2 x1-&
shoich.
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Procion red dye, Cibacron blue dye %
Resource Q IZ0lE 3241}

Sephacryl $-300 7 z2wrhe 2 F ] Z8]E K-
3 HSDH ¥8-& 50 mM 4+ $5-8-d(H 7.0, 5
mM MgCl, 3o 2 38 A]7] Procion red dye HH
o] Aapstgivt. A F FUI AFLH R AT
20 mLe] e 2 Mojdd E K-3 23L& A
e g FEes WA Fdge A8 3
425 5401 239 $EE 535 20 mM Mes-
KOH £3589 (pH 6.0, 5 mM MgCl, Z3Hell 4] 347k
Zol BA% & 2o 9F-g-d 02 A={g Procion
red dye el T Arleisich A4 F B
sul goe) EoUR BEEYSE HIF F, 0-05 M
KQle] ¥571¢7]2 $EA70 2HRAE o} ¥
23 ¥ 20 mM Mes-KOH 3-89 (pH 6.5, 50 mM
KCl, 2 mM B-mercaptoethanol, 5 mM MgCl, Z3}H).2
2 HJyPA72 2 Hegd o= HHAZ] Cibacron
blue dye A ] HANF 3 1 mM NADP7} 3% F
At gl o s LEAFT-

k9, Sephacryl S-300 A F ZulE ge)uol4] &
%) T-3 HSDH 332 50 mM Tris-HCl 94384 (pH
8.0, 2 mM [-mercaptoethanol, 50 mM KCI, 5 mM =
ded 23how PYPA 7|1 FY ¢FEQoE A
A)7] Procion red dye Aol AAYsltgdct. AA| F 2
Pzl Suje] ¥dF gpfdor HolFgon,
40 $% 0~0.5 M2 NaCl 557|472 A48}
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it} o37]olA] BARE-E Eol 20 mM Tris-HCI
Z 9.0 (pH 8.0, 1 mM EDTA, 5 mM E 2, 2 mM
B-mercaptoethanol, 5 mM MgCl, ¥3He 2 H3]x]71
& %ol g0l o 7 33 A7) Resource Q Aol &2 F
F 0~1 M NaCl 57| &7 2 &2 7c). T8 84
7 Kdes Anse Ae W] fsk] 2aede
928 sl Frhsisich

FASE SMO| FAL

Sephacryl §-300 2 A& AR T-3¥74 K- 54
2 A4l 2%, Ededst K9] % 3 NAD,
NADP=2} homoserineol| &t %3ls, 223 T-, K-8
o % 59 e AN

T3¢ K-8 272 A#A7]7] A= pH 754 50
mM Tris-HCl $+5£-<4(150 mM KCl, 2 mM B-mer-
captoethanol, 1 mM EDTA E3Hel|A], vlt)e] 7=
pH 8.5¢] 50 mM Tris-HCl $-&-8-91(10 mM E# &,
2 mM B-mercaptoethanol, 1 mM EDTA FEgheljA =z}
z+ 164174 Bt FA st oH, B4 F Ar]|EE5 e
=9 F a0 Yx 9} FAHskE Akl

2n 9 73
Homoserine dehydrogenase2| A

Table 104 B whe} o] T HSDHE] A A A7},

Table 1. Purification of homoserine dehydrogenases from cotyledons of C. lineata

Fraction Total activity Total protein Specific activity Purification
(units) (mg) {(unit/mg protein) fold
Crude extract 24700 6590 3.75 1
Heat 25200 5430 4.64 1.24
denaturation
Ammonjum sulfate 17100 1650 10.4 276
fractionation (25~55%)
DEAE-Sephacel 13700 92.5 148 395
chromatography
Sephacryl S-300 (T) 968 9.6 101 269
chromatography X 7230 7.7 939 253
(—) Procion red (T) - - - -
dye chromatography (K) 6140 1.83 3350 894
(+) Procion red 6] 872 0.91 958 256
dye chromatography (K) 4860 0.71 6850 1830
Cibacron blue dye (T - - - -
chromatography (K) 1370 0.05 20000 5330
Resource Q column m 653 0.22 2980 794

chromatography 9] -
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—_ Fig. 2. Estimation of molecular weight of K- and T-form
B 4
£ of HSDH by gel filtration. Standard protein (@) and
= 400 T 15 HSDH (C) were eluted from a Sephacryl $-300 column =~
3 (1.2X75 cm). Fractions of 2 mL were collected. The elu-
23800} = tion volume of each standard protein was determined by
% 1.0 g observing absorbance at 280 nm. The standard protein
< 200f K used were apoferritin (443,000), B-amylase (220,000),
p
I 05 ADH (alcohol dehydrogenase, 150,000), and BSA (bovine
UD, 100 setum albumin, 66,000). The elution volume of HSDH
T was determined by observing enzyme activity.
0 et

20 40 60 80

Fraction Number
Fig. 1. Chromatographies of HSDH. HSDH activity (®)
was assayed at standard condition and proteine con-
centration (O ) was determined by Ay A, DEAE-Sepha-
cel jon exchange column (2.5X30 cm) with buffer con-
taining 50 mM Tris-HCl (pH 8.0), 2 wM B-mer-
captoethanol, 5 mM threonine, 1 mM EDTA with 0~0.5
M NaCl linear gradient. Fractions of 3 mL were collected.
B, Sephacryl $-300 column (1.2X 75 cm) with buffer con-
taining 50 mM Tris-HClI (pH 8.0), 2 mM PB-mer-
captoethanol, 5 mM threonine, and 1 mM EDTA. Frac-
tions of 2 mL were collected. T, T-form HSDH; K, K-
form HSDH. Inset shows the activity staining profile of T-
and K-form of HSDH.

Q

K-33 T-3-2 22k 5300009 7904 A=) o
Hbd 0.7 HSDH+ u] @3] el ebAsicl= » g4l o}
2} (Matthews et al., 1989; Turano et al., 1990) =) A2}
2 Foll 55°Coll A 8% Zol A=l A, oF 20%¢)
S AT 4 glel o 2842 A9 Wi}
t7lez el ¥ A5 HSDHE 4] o=
ol 2J8le A7} 7hsgE AL & 4 gledo).
DEAE-Sephacel o] 238 I 2 vl 73] o4]= T-
#3 K-#o] ¥elx|z] edgkow] &A ¥ =7} <k 0.25
M NaCle] 33=E 35-408 $3)0)4) vlelytcl(Fig.
1A). 121} Sephacryl 'S-300 A = 2w} & 7)ol A]
& Aol 9 £82o2 EelH 4= (Fig. 1B),
10 mM E#od-& A& w Z4do] A A=

+ T-% HSDH7| 956l 41 (73-774 $35), E5) 2419
GS A8 A 9= K3 HSDHE &4 (85-
89l £H) dojxr). o]zt AR F e 2Fe
A719FT 5 10 mM EF o] §-2o) wlE 4 3
Aol "R T 2=ty FEdwal-s Alasie] 7t
Y9 2 24 29, T-3-L 230 kDR K-3)
2 135 kD2 4125 ¢ th(Fig. 2). o]2{F+ Ealare] &
A= T-8 9] Exjgko] K-35} Jdubdo g =ir}
= Baet A3, 2k ERleke T-59) 7S wjuka}
= 290~350 kD(Grego et al., 1980), %2-& 240 kD
(Matthews et al, 1989), 2<=<=2] 190 kD(Walter et
al., 1979), =2} 280 kD(Grego er al., 1980)8} 1|23}
vt ohas AL A eZ vehded. a8y K-8 23]
T -] 180 kD(Matthews er al,, 1989)8 the 2k
3428 75 kD(Grego et al., 1980)}, -2=2=2] 70 kD
(Walter et al., 1979) Rrhs & 7] 0 2 JJelyr}.
Procion red dye = 2o} E 7 1] 6|4 T HSDHE 1
o o A=, o] A elA] F HAE resino]
ik Al Felg Ao)E Bk = K3
pH 794 Aol A=) edv pH 6 o]sholx] 2
Hell A= glou, T-3-2 pH 8ol % 47 A3
A= Ao vhepgrl 294 1312 A filtration
E3%F K-92] A 5% Procion red dye 23 (pH 7.0)o]]
E259 oF 50% Aze] wge] Fiel BalwHg
t}. 1z} Procion red dye H2]9] AR 52 pH 6.0¢)
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Fig. 3. Polyacrylamide gel electrophoresis of purified
HSDH. A, polyacrylamide (7.5%) gel electrophoresis of
purified HSDH (K-form); protein was visualized by silver
staining (p), HSDH activity was developed with activity
staining (a). B, SDS-polyacrylamide (10%) gel elec-
trophoresis of purified HSDH (K-form); C, SDS-paly-
acrylamide (10%) gel electrophoresis of purified HSDH (T-
form). Molecular weight standards (std) are rabbit muscle
phospholylase B (1, 97,400), bovine serum albumin (2, 66,
000), hen egg white ovalbumin (3, 45,000), bovine car-
bonic anhydrase (4, 31,000), soybean trypsin inhibitor (5,
21,500).

Lo
©

dgk Al AL F SEARE W BAEE0]
of$- Fgket,

uhE T-82] 9= pH 7.5 o]3}ell A=
resinel] dt3] ZAshA 2gshe #AE 22| pHE
8= A stelolil £E A1 = qldlet

Procion red dye Z# o4 €L K-3-2> Cibacron
blue dye DA TS AA|=gon] AA] foldr}
530002 Z7l=lglv}. g, T-3-2 Cibacron blue 2
Aol A& Fgs)7] ko) Resource Q AH AZvtE L
=& AAstgrt. 7 A5 A fold7| 79022 F7}
) olc}(Table 1). o] 5 F Al 89| Ar|dFelA K-8
native-PAGE®} SDS-PAGE Z 7} rdul= 2 viehyto
o (Fig. 3A, B), ¥A}eke] 44 kDolodA] Fd 4| BA{Y
9] 3gA 2 R HG o, T-8L& £HA7 HA
tob WaAls] Fhalo] E7PEERTHFig. 30). S5
9] 7% K-33} T-3o] w5 23FA &} 4504 2 &3t
= 7-%-o}(DiCamelli and Bryan, 1980) K-35} T-3o|
BE 2gkdo|hA AH{UESL ZAe] oE HS
(Walter et al., 1979)7} Bz =gl o, &= K-3-2
28R4, T3 3=EA ASE EaHT 3elA
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Fig. 4. Dependence of HSDH activity on temterature of
the assay medium. (@), T-form HSDH; (©), K-form
HSDH. All results derived from triplicated determinations
and are expressed as per cent of the activity at 35°C.

(Turano et al., 1990) HSDH?] 7+ 8] &4-¢] HH
U= F4¢ theket 4 2k

Homoserine dehydrogenase?2| AZ!

= $elfae) B4 AW L2 T4 35°Cola,
K-8 AgEAcA 45°CAA BAo] A% Zhale]
25°Co| A He} oF 32} FAL Be(Fig. 4) F FHE
a7} me] W e T B wYs 2 4 %
st

=9t Ko & £ag4el vIAE 398 =
At A, 10 mM =26 o) TR YL
70%2] AT eiort K-ge AL gk W
2gkeh(Fig. 5A). T-FellA vehd ol2idh Aol &=
Z=0) gre] A2 10 mM E#| .2 of| 4] (Matthews et
al., 1975; Matthews et al., 1989), R 2]2] 7-¢- 1 mM
= oA izt 100%8] 84 AAE Balvk= 2
FH(DiCamelli and Bryan 1980; Sainis et al., 1981)2}=
ge] 2 AlRe] T8 1¥Ee] Ededd SME
20~30%2] AL A SR =Hg. g9, KTe] 3k
£ w9 400 mM KCloj] o8] T-32 494 K3
2.84 2] B4 2712 ¥l =H|(Fig. 5B) ol=|& A=
o2e] T-33 K-8o] 200 mM KClof| 2jsfj4 Z+z+
2,574, 1.558) Z7lstdvke 2k FAlstddoh
(Matthews et al., 1989).

714l ek Bad] BAE

=

ZAKE A3}, NADP7}
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Fig. 5. The effects of threonine (A) or KCl (B) in the as-
say medium on the velocities of T-form (@), and K-form
(©) HSDH.

Table 2. Km values of T- and K-form of homoserine
dehydrogenase for its substrates

Km value
Substrate
T-form K-form
mM mM
Homoserine
(NADP, 0.05 mM) 1.6 (r=0.997) 0.3 (r=0.997)
Homoserine
(NAD, 10 mM) 54 (r=0.999) 12.0 (r=0.987)
NADP
(homoserine, 4.5 mM) 0.01(x=0.997) 0.01(r=0.998)

NAD

(homoserine, 30 mM) 2.34(r=0.969) 0.03(r=0.990)

F8 49 9, homoserine®]| g+ Km2 T-, K-3Jo] Z+
Z} 1.6, 0.3 mM=E el 1, NAD7F 2854 g
5.4, 12.0 mM & vJelydch(Table 2). ¥, 2 2ol o
g 7| A A3} T2 ¥ ® NADPo| tsled= 0.01 mME
T 59 &4 22 Km 7S vleld 4, NADe] o
sled= T-83) K-3lo] 2349} 0.03 mM=E <k 80u)<)
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Oh 16h

Oh 16h

Fig. 6. Interconversion of K- and T-form of HSDH. A,
conversion of K-form to T-form by dialyzing (16 h)
with buffer containing 25 mM Tris-HCl (pH 8.5), and 10
mM threonine. B, conversion of T-form to K-form by di-
alyzing (16 h) with 25 mM Tris-HCl (pH 7.5, 2 mM j3-
mercaptoethanol, 1 mM EDTA, 150 mM KCI). Elec-
trophoresis was conducted with 5% native PAGE. HSDH
activity was stained by the addition of 0.266 mg/mlL ni-
troblue tetrazolivm and 0.025 mg/ml of phenazine metho-
sulfate.

o1& wdrh. ol2iat Aske 559 A9 Kol
T-54) )5 NAD| 93 213k=} o 20) A% o)
£ R 7(Bryan and Lochner, 1981)¢2= & zlo] & 241
Zle]et.

T 347 43U e ¥ AAD 2o
(Sephacryl S-300)2 ARg-sle] asle]=d], 2 A7,
K-35 pH 859 10 mM E# 2y Zx)A] T35 o2,
T-3]-S pH 7.5¢} 150 mMe] K' x4 K-@o= 2b
7t 5Bl FFssteithFig 6). o]l g AL AR
Ad e Lapa=(Walter et al., 19795 A| 2% 2o
AEA A HEHe AFe} AgtrH(Krishnaswamy
and Bryan, 1983a; Matthews et al., 1989).
upebd, Fels AEAEE 4 glE HSDHE)

SHESE FAW ARG 429 A2 23
W1, 53], T-3e] K3E 25, B2y, KOl
o 27 s B39 W} TRV Ao )
ebteth. obebd HSDHE Alxule] #7wsle] ulel

-3t K3 Ao U ofv Al At Y
& ol AL g

0[n 3o -l1'l

}J—]
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B ATE ALHHTL ALRT AT
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ABSTRACT

Two forms of homoserine dehydrogenase have been isolated from 8-day-old cotyledons of
Canavalia lineata by a heat depaturation, ammonium sulfate fractionation, DEAE-Sephacel
ion exchange and Sephacryl S-300 gel filtration chromatographies, and Procion red dye, Ci-
bacron blue dye and Resource Q column chromatographies. The molecular weights of T-form
(threonine-sensitive) and K-form(threonine- insensitive) were estimated to 230 kD and 135 kD,
respectively. In the presence of 10 mM threonine, the activity of T-form was inhibited with al-
most 70%, but that of K-form was not at all. The Km values for homoserine of T- and K-
form were 1.6 mM and 0.3 mM, respectively. The Km values for NAD of T- and K-form
were 2.34 mM and 0.03 mM, respectively. And Km values for NADP of two isozymes were
the same as 0.01 mM. The activities of T- and K-form were markedly stimulated up to 4.9-
and 2.8-fold, respectively, by 400 mM KCl. The partial purified(gel filtration) enzymes(T-
form and K-form) can be reversibly converted.

Keywords: Canavalia lineata, homoserine dehydrogenase, Procion red dye column, Resource Q
column, interconversion
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