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Abstract — The effects of branched chain amine acids and small metabolites in growth media
on the biosynthesis of Serratia marcescens ATCC 25419 acetolactate synthase (ALS) were exami-
ned. ALS activity was gradually decreased by isoleucine or leucine among the range from
1 mM to 20 mM, while the activity was increased 40% by isoleucine under low concentration
(0.5 mM). ALS activity was aiso increased about 40% by valine among 2 to 4 mM ranges,
but the activity was decreased only 10% at 20 mM. ALS activity was decreased 25% and 70%
by the simultaneous addition of all three branched chain amino acids at 2mM and 10 mM,
respectively. Among several small metabolites tested, ALS activity was increased about 2-fold
by cAMP at 2 mM. These data suggest that Serratic marcescens ALS is multivalently repressed
by branched chain amino acids, but not repressed by valine alone.
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phosphate; IPTG, isopropyl--D-thiogalactoside
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7.0), 8 mM (NH,),S0,, 0.4 mM MgSQ,- 7H:0°] i}

Alet

Potassium phosphate, TPP, FAD, pyruvic acid,
creatine, DTT, valine, leucine, isoleucine, a-ketobu-
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Aatod ). Acetolactate synthase?] 1 unitt 37Ceol) 4
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Table 1. The effects of various amino acids in growth
media on the specific activity of ALS.

Addition to Specific activity Relative
minimal medium (mM) of ALS (units/mg) activity (%)

None 0.0161 0.001 100
Ile(10) 0.008£ 0.001 50
Val(10) 0.016% 0.001 100
Leu(10) 0.010+ 0.001 60
Thr{10) 0.008+ 0.001 50
Ser(10) (0.017+ 0.002 106
His(10) 0.017+ 0.001 106
Met(10) 0.009= 0.001 59
Arg(10) 0.009+ 0.001 55

Experiments were carried out in modified Davis-Mi-
ngioli medium (16) supplemented with each of amino
acids.

The concentration of each amimno acid added to the
medium was 10 mM. Values are mean+ range of varia-
tion for three experiments.

A= Table 104 vlephd v}e} 2Fo] 10 mM 9] iso-
leucine H+= threonine-s A i AJol Hrl8l-& 72+
f4e vIAANAEE dE2rHo) zbrt 50% 7HAAF
2.1 leucine, methionine & arginine-2 W =K.}
are vEBMNEE 45~40% ARk e 10
mM 2] valine, serine ¥+= histidine-2 #7312 A%
Aol v|EdEed W %S F2] ZIlsidh

o2 <9 isoleucine, valine, leucined| A%
do| ojxi= FE

ALS2] #<4FE-9]l branched chain o}v] - AFE-o]
ALSS«] A OH “-‘1 »‘*'*]-E* daL 04331 -'”‘*S:—“’ﬂfﬂ Z AL

% %‘-7}*] Zl uikd 8mM°ﬂH 60%, 20 mMG]}H 90%
F A2 A Fig 1), Valine& 2~4 mMollAl fA 4o
B S 55 20~40% A% Z7HA17) vbA 20 mM el 4
10% ¥ A #Ac}(Fig 2). Leucine-2 &4 2] w
FMES 4~8mMollAH 40% AHE, 20 mMoll A 80%
A7) 5 BT A S BodFEdrHFig
3).

Isoleucine, valine, leucinel| EA| ¥} 4%
Ao o|X|= dF

# 4 vl R]el 2mM, 10 mM$2] isoleucine, valine
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Fig. 1. Effect of varying concentrations of isoleucine
in growth media on the specific activity of acetolactate
synthase.

Cells were grown aerobically for 9 hr at 37C in modi-
fied Davis-Mingioli medium. Crude extracts for enzyme
assay were prepared by sonication of the harvested
cells as described in Materials and Methods. Activities
were expressed relative to the specific activities in the
absence of isoleucine.

Values are mean= range of variation for three experi-
ments.
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Fig. 2. Effect of varying concentrations of valine in gro-
wth media on the specific activity of acetolactate syn-
thase.

Activities were expressed relative to the specific activi-
ties in the ahsence of valine.

Values are meanz range of variation for three experi-
ments.
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01] valine™ leucine-2 7}7F 2 mMA T A] A 7}8-8-
xRl 42 v8dE 2 13% 2742 1,

1saleucme~a~} valine, 1soleucine®} leucine-g 7+zk 2

—{0_3:,1“

Kor. | Appl. Microbiol. Biotechnol.

160
140}
~ 120}
B 1001%\:"
2
g 80+
) —
Wﬂj 40 [ l\
ﬁﬁ +
20t T
0 | i i i A i A 2 i n

0 2 4 6 & 10 12 14 16 18 20
Leucine (mM)

Fig. 3. Effect of varying concentrations of leucine in
growth media on the specific activity of acetolactate
synthase,.

Activities were expressed relative to the specific activi-
tes in the absence of leucine.

Values are meant range of variation for three experi-
ments,

Table 2. The effects of isoleucine, valine and leucine
on the specific activity of ALS when added together
in growth media,

Addition to Specific activity Relative
minimal medium (mM) of ALS (units/mg) activity (%)
None 0.016+ 0.002 100
[le(2)+Val(2) 0.017+ 0.002 106
Val(Z2)+ Leu(2) 0.018+ 0.001 113
[le(2)+ Leu(2) 0.016% 0.002 100
[le{2)+ Val(2) + Leu(2) 0.012+ 0.001 75
None 0.018+ 0.002 100
[le(10} + Val(10) 0.012+ 0.002 75
Val(10)+ Leu(10) 0.0121 0.002 75
[le(10)+ Leu(10) 0.010+ 0.002 56
[le(10)+ Val(10) 0.005+ 0.001 28

+ Leu(10)

Experiments were carried out in modified Davis-Mi-
ngiolt medium supplemented with combination of bra-
nched chain amino acids.

The concentrations of each amino acid added to the
medium were 2 mM and 10 mM. Values are mean ra-
nge of variation for three experiments.

mM*¥# FA d7HEle Ay HEI 3 zle]s) ¢
Aot Al oopmilE ZH 2mMAY FA] HrElE
Agole= BAe) H[FMHEE 25% FazAl#HH Table
2). 3FH isoleucine®} valine, valine} leucine, iso-
leucine®} leucine 28] Al ofu|lo4AbE 2z 10
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Table 3. The effects of several metabolites in growth
media on the specific activity of ALS

Addition to Specific activity Relative
minimal medium (mM) of ALS (units/mg} activity (%)
None 0.017+ 0.002 100
Imidazole(1) 0.009+ 0.001 50
Homoserine(1) 0.015£ 0.002 86
a-Ketoglutarate(1) 0.014+ 0.001 82
a-Ketohutyrate(l) 0.009+ 0.002 o4
a-Aminobutyrate(2) 0.010+ 0.002 60
Pyruvate(1) (0.008+ 0.001 46
Glyoxylate(2) 0.012% 0.002 74
AMP(2) (0.015+ 0.001 89
cAMP(2) 0.037 = 0.003 215
IPTG(2) 0.012+ 0.001 80

Experiments were carried out in modified Davis-Mi-
ngioli medium supplemented with each of metabolites.
The concentration of each metabolite added to the me-
dium was 1 mM or 2mM. Values are mean= range
of variation for three experiments.
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Fig. 4. Effect of varying concentrations of ¢cAMP in

growth media on the specific activity of acetolactate

synthase.

Activities were expressed relative to the specific activi-

ties in the absence of cAMP.

Values are meant range of variation for three experi-

ments.

mM4 FA M7
72y 25%, 25%, 44%, T72%

Aol Al v|BAHEE
Al ek (Table 2).

012] metabolite50| EAEA0| Olx|= WEE

Table 304 vl Z1x 5 241§ metabolite s

ol A cAMP= 2 mMoll 4] E49) 8458 115%

119

%7 Zc} Histidine®] 4] 9) imidazole-2 ALS 9]
HFA T E f2FER) 50% A A7 2, serinegl of
AR E- o] valine A A o] M4 ¢) pyruvatee
A48 v #8AEE 56% FFAAlFch Methionineol] 4]
A1zt A4 threonines A= A2 FHEAQ
homoserine-2 ALS2] v|@AxE 149 Z2}4A13A5
threonine®] wAlF-e&E Aol isoleucine FT4 <9
A3l a-ketobutyrate®} histidine®} arginine 2]
) A8l E32 el a-ketoglutarate =g+ F 2] v|&A]
=5 7+ 46%, 18%% rAaAlzich cAMP =22
Al A 2 v X ol H7M8)E -5 2mMel A 713
2 349 vldAE: F7E o7|AIZIew 10 mMe
M Ao vFNEE 40% HAAH(Fig. 4).

1 &t

E. coli K-120l| 4 ily B gene(ALSI = AHAS 1) 9
regulation-2- catabolite repression® Jeie] v}
B g em (19, 20) attenuationo] <2£]3F negative
control(21) 3} cAMP-CRP(3) & o] factorEel £
g} positive control(22, 23)-& X3Fsle] E-4bslAl o]
Folzlv}3r e B} Servatia marcescens ALS2} th-
reonine deaminase(Choi and Kim . unpublished
data) 7} A branched chain ¢}v|Xx4te] JE-Ale vl %]
off Zag uf vEAET} F4EE Hog Hel §
marcescens tlv geneX. A branched chain o}=] x4k
o]3} multivalent repressiong Wi 7l e 2 viepyich
E. coli K-122] 7% valine®] w2 FX(0.4 mM) el 4]
ALSe] v #BAM w7} Aot Ax zh4deky dasE o)
(11). Zr&fv} S marcescens ATCC 254192 %% iso-
leucine ¥+ valine?] 28 Fxo4] ALSe u]&4]
b F7HE g T2 FRel M= ALSS) v| 3 )
ase o g Hel isoleucine H valine2] =
Lol me} ALSe] A3tAde] AEE LR ey
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leucine 8] FXxollA A x= HAS Hodry AR
o}2] metabolites FollX cAMP7} 2mM F X0l 4]
20 Ax g8 N EE TR T AL Ro)
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oAbz} 72 AIM=S- £ KW S marcescens

ALS< E. coli o} S. typhymurium (24) | A 2 w2 ™
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A A7) Valined 8498 v]|d3A TS5 2~4 mMel| A
20~40% Ax Z7MAZHT 20 mMe] =& FXolA]
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A5 4~8mMeol 4 40% AHXE, 20 mMoA 80%
72} - Al #H e}l o2] metaboliteEo] &4 2 w)EA Lo
n|zl= o3 3k8 FAME A3 1 mMe pyruvate, imida-
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Ax 7FA1Z H 2 mM el cAMP+= a4¢] v @A

& 115% 7k %k

h A

I. Umbarger, HE. 1978 Amino acid biosynthesis
and its regulation. Ann. Rev. Biochem. 47: 533-606.

2. Ramakrishman, T. and E.A. Adelberg. 1965, Re-
gulatory mechanisms in the biosynthesis of is0-
leucine and valine, Il [dentification ol two ope-
rator genes. J. Bacteriol. 89: 654-660).

3. Friden., P J. Newman and M. Freundlich. 1982,
Nucleotide sequence of the iivB promoter-regula-
tory region: a biosynthetic operon controlled by
attenuation and cyclic AMP. Proc. Nail Acud. Sci.
USA 79: 6156-6160.

4. Nargang. F.E. CS. Subrahmanyan and H.E.
Umbarger. 1980. Nucleotide sequence of iGEDA

10.

I

14.

17.

Kor. J. Appl. Microbiol. Biotechnol.

operon attenuator region of Escherichia coli. Proc.
Natl, Acad. Sci. USA 77; 1823-1827.

Hauser. C.A., JLA. Sharp, L. K. Hattield and G.W.
Hathield. 1985, Pausing ot RNA polymerase du-
ring in vifro transcription through the ivB and
ivGEDA attenuator regions of Escherichia coli K-
12. J. Biol Chem. 260: 1765-1770.

Hauser, C_A. and G.W. Hatfield. 1984. Attenua-
tion of the ilvB operon by amino acids reflecting
substrates or products of the ilvB gene product.
Proc. Natl Acad Sci. USA 81: 76-79.

. Sutton, A. and M. Freundlich. 1980. Regulation

by cyclic AMP of the ilvB-encoded biosynthetic
acetohydroxy acid synthase in Escherichia coli K-
12. Mol Gen. Genel 178. 179-183.

Friden, P.. P. Tsui, K. Okamoto and M. Freund-
lich. 1984. Interaction of cyclhic AMP receptor
protein with the (vB biosynthetic operon in E,
coli. Nucleic Acids Res. 12: 8145-8160.

Defelice, M. and M. Lenvinthal. 1977. The aceto-
hydroxy acid synthase IIl isozyme of Escherichia
coli K-12: Regulation of synthesis by leucine. Bio-
chem. Biophys. Res. Commum. 79: 82-87.
Squires. C.H., M. Decfelices, S.R. Wesseler and J.
M. Calvo. 1981. Physical characterization of the
ilvHI operon of Escherichia coli K-12. J. Bacteriol
147: 797-R04.

Dwyer, S.B. and H.E. Umbarger. 1968. Isoleucine
and valine metabolism of Esceherichia coli. XIV.
Pattern of multivalent repression in strain K-12.
J. Bacteriol 95; 1680-1684.

. Squires, C.H.. M. DeFbelice, CT. Lago and J.M.

Calvo. 1983. ilvHI locus ot Salmonella typhimu-
154; 1054-1061.

riton. J. Bacteriol.

- Yang, JH. and S5 Kim. [992. Separation and

some propertics of two forms of acetolactate syn-
thase from Sarratia marcescens. Korean Biochem,
J 25, 1, In press.

Kim. J'T. and S.S. Kim. 1992, The properties of
Acctolactate synthase isozyme produced by Serra-
ti marcenceens ATCC 25419, Kor. S Appl. Micro-

hiol. Biotechnol. 20, 1. In press.

. Davis. B.D. and ES. Mingioli. 1950. Mutants of

Escherichia cofi requiring methionine or  vitamin
Bi-. J Bacteriol 60 17-28,

Kisumi, M.. S. Komatsubara, M. Sugiura and L
Chibata. 1971. Multivalent repression and genetic
depression of iseleucine-valine biosynthetic enz-
yme n Serratia maracescens. J. Bacteriol, 107, 824-
827.

McLEwen., J. and P.M. Silverman. 1980. Mutations
in genes opxA and epxB of Escherichia coli K-12
cause a defect in soleucine and vlaine synthetase.



Vol. 20, No. 2

18.

21

J. Bacteriol. 144 68-73.

Lowry, O.H., N.J. Rosembrough, AL. Farr and
R.J. Randall. 1951. Protein measurement with the
folin phenol reagent. J Biol Chem. 193: 265-275.
Sutton, A.. T. Newman, J. McEwen, P.M. Silver-
man and M. Freundlich. 1982, Mutations in ge-
nes cpxA and cpxB of Escherichia coli K-12 cause
a defect 1n acetohydroxyacid synthase 1 function
in vivo. J Bacteriol 151: 976-982.

Whitlow, KJ. and W.J. Polglase. 1974, Relaxation
of catabolite repression and loss of valine sensiti-
vity in Escherichia coli K-12. FEBS Lent. 43: 64-66.
Hauser, C.A. and G.W. Hatfield. 1983. Nucleotide
sequence of the ifvB multivalent attenuator region
of Escherichia coli K-12. Nuclete Acids Res. 11: 127-

22.

121

134

Friden, P. K. Voelkel, R. Sternglanz and M.
Freundlich. 1984, Reduced expression of the iso-
leucine and vlaine enzymes in integration host
factor mutants of Escherichia coli. J. Mol Biol 172:
573-579.

- Williams, AL. 1986. Regulation of acctohydroxy

and synthase activities in Escherichia coli K-12
by small metabolites. Biochem. Biophyvs. Acta. 866
[5-18.
Calvo, JM., M. Freundrich and H.E. Umbarger.
1969. Regulation of branched-chain amino acid
biosynthesis 1n Salmonella tvphimurium: Isolation
of regulatory mutants. J Buacteriol. 97. 1272-1282.
(Received December 24, 1991)



