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1. Introduction

' Biosynthetic threonine deaminase (L-threonine
hydrolvase deaminating, EC 4.2.1.15j is the firsten- -
zyme in the pathway of isoleucine biosynthesis and
is subject to feedback inhibition by this amino acid.
The effect of isoleucine is reversed by valine. Threo-
nine deaminase has been purified frem Salmonellz
fwmmmmam and some other microorganisms [1-3].
Attempts to purify the enzyme from E. coli were
hdmpered by the instability of the enzyme [4].

© We made an attempt to purify threonine deami-
nase of £. coli by means of affinity chromatography.
The _;lllOSteri'c, effectors isoleucine and valine and the
substrate threonine, respectively, were coupled to
Sepharose {5] and tested for their ability to remove
threonine deaminase from protein solutions. Leucine
as a structuial analogue of isoleucine and glvcine
which does not interact specifically with threonine
de.:mmase were included in this study.

" Of the amino acids tested, isoleucine bound to

‘Sepharose showed the strongest affinity for threonine -

deaminase in the chromatographic experiments. The
strenoth of interactions between threonine deamin.use
and the Sepharose-linked amino. acids increases with
the motarity of phosphate buffer used:

t: Research fellow from the University of Meshed, Iran.
Dedi¢ated to Professor l‘heodor Wr*ldnd on the occasion
of ius 60th bmhday.
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2. Materials ard meﬁmds

2.1. Prepamnan aof enzyme extracts

The leucine-deficient strain L 3 was isolated after
treatment of E. coli B with N-methyl-V -nitro-V-nitio-
soguanidine [6]. The strain was crown in .aineral-

‘salt medium [7] supplemented with 5 mg of L-leucine

per liter (threonire deaminase is derepressed by
growth on limiting concentrations of leucine). Cells
were harvested by centrifugation and disrupted by
sonication in a solution containing 1.0 M potassium
phosphate buffer pH 8.0, 5 X 1073 M L-isoleucine,
1073 M EDTA, and 1073 M 2-mercaptoethanol: The
enzyme. was partially purified according to the pro-
cedure of Changeux [4] . Threonine deaminase was
determined as described by Umbarger and Brown [8].
Protein concentrations were measured by the Biuret
method or by the precedure of Lowry et al. [9].
Specific activity is expressed as uM of product formed
per min per mg protein.

2.2, Affiniry chromatography ,

L-amino acids (Merck AG, Darmsiadt) were cou-
pled to Sepharose 4 B (Pharmacia) as described by
Cuatrecasas [5]. 5 ml of the enzyme soiution were
applied to 1.2 X 16 cm columns. The columns were
equilibrated and develope ! with a solution containing
1.0 or 0.2 M potassivm phosphate buffer pii 8.0,

1073 M EDTA, and 1073 M 2-111e1(,‘1pt0ethanol Fmé-

tions of 4 m! were collected.
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3. Ezémi'tis' ’

fhe mntant stram E colz L 3 leu was grown thh :

: szmtmg concentratmns of leucine (5mg per liter) re-

sulting in derepression of threonine deaminase (spe- =" -

cific activity 1.0). Enzyrpe extract was prepared and-

subniitted to heat treatment and fractionation by am- :

monium sulfste [4]; ‘the resultmg enzyme solution - :
containing I mg of protein per ml (specific activity -
4.0) was used for the cb mmatograpluc expenments. .

3.1. Affmiry cim; *rzatﬂfrapi. y in o 2 M’ pizosphzzze :
buffer :
The enzyme solution was apphed to an 1soleucme-
Sepharose column equilibrated with 0.2 M phosphate
buffer pH 8.0 (fig. 1A). The column was developed'
with the same buffer. A protein peak was eluted,
-which contained little enzyme activity. ’E'he enzyme

emerged behind the bulk of protein. 50-—60% of threo-

nine deaminase were recovered. The enzyme activity
is completely recovered if 1073 M isoleucine is added.
to the elution buffer. This is consistent with theé pro-
tective activity of isoleucine dc:-SCri‘_)éd by Changeux
[4]. A 6-fold purificalion was achleved by this pro-
ccéurc Similar - xperiments were performed with

Sapharoses sutbstituted with leucine, valine, threonine
and glycine, r:spectively. Threonine deaminase is re- -
terded by I ucine-Sepharose but not by the other -
Sepharose-preparations. The retarding effect is less
pronounced with leucme-Sepharose as compared to
1suieuune-5ephafose.

Affiniry chromatograph v in 1.0 M buffer

Tne same type of experiment as described above .
was performed with isoleucine-Sepharose equilibrated
with 1.0 M buffer. 60% of the protein applied to the
column was eluted with 1.0 M buffer. This protein
fraction contained no threonine deaminase activity.
Similarly, threonine deaminase was not eluted by buff-
er containing 1073 M isoleucine. However, subse-
quent development of the column with 0.2 M buffer
resulted in the elution of threonine deaminase. The
yield was 50%. The enzyme was completely recovered
if elution was performed with a solution of 0.2 M buff-
er'and 1073 M isoleucine (fig. 1B). Under the experi-
nentai conditions 1 ml of isoleucine-Sepharose binds
200 units. Optimal results are obtained, if the quantn-
ty of enzyme applied correSponds to the total capact-
ty of the column.
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F:g. i. Affimty chromatogmphy of threomne deammase

- ~Sml of the enzyme solution were applied m columns.
(12X 16 cm) of Seph:nmse 4B conjugated with isoleucine

(iLE)}, leucine (LEU), or glycine (GLY). The columns were

equilibrated and developed with 0.2 M (A) or with 1.0 M

phosphate buffer pH 8. 0 (B); when no-further protein was’ A
eluted with 1.0 M buffer, 0.2 M buifer was applied (B).

} Protein concentration; (— ——} enzyme activity; -
(——_~Yenryme acuvuy. when buffer contamed zso!eucme ‘
- ao B ‘ ;

erhamses substituted with leucine, valine, or
threonine behaved similar as isoleucine-Sepharose in

‘analogous experiments, i.e. threonine deaminase was

tightly bound in 1.0 M buffer and was eluted with

0.2 M phosghate buffer. Fig. 1B shows the resultsof
the experiments with leucine-Sepharose. With valine-
Sepharose a 4-fold purification with complete recov-

~ ery of the enzyme was achieved by this procedure.

‘Glvcine-Sepharose did not bind threonine deami-
nase tightiyy in 1.0 M buffer, but the enzyme was re-
tarded as compared to the bulk of proteins (fig. 1B).

The threonine. deaminase eluted from the -
Sepharose columns was tested with respect to its ki
netic properties. [nhibition Gy isoleucine and sub-
strate saturation Kinetics were not altered as com-
pared to the natwo erzyme- T

4. Discussﬁon' o

Punﬁcatmn of threonme deammase from E coli

: has proved diffi cult by conventional procedures. The

present results indicate that affinity chromatography '
may be 2 useful pmcedure fox punﬁ" ication of
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'irthreonme deammase ina good yneid and wxﬁwut
dlterat:on of the kmetm properties of the enzyme. .

. In buffer of low ionic strength threonine deami. .7
nase is retarded on isoleucine- and, leucme Sephamse, '

but not on-the other Sepharose preparations tested. -
The: retardatxon is caused by specific interaction ot‘

threontine deammase with the Sepharose-bound ammo .

acids. This is concluded Erom the finding that hoih

xseieurme and Ieucme inhibit ihreanme deaminase =

(K;2:2X.10% Mand 2.1 X 1072 M, respectively, at -
a threonine concentration of 2.5 X 1672 M). . -
“The inactivation of threonine deaminase during
_chromatog:aphy on isoleucine-Sepharose was reduced
‘py the presence of isoleucine in the elution buffer.
“lowever the pattern of elution of threonine deami-

nase was not mﬂuenced by isoleucine suggesting that

there is no competmcm between free and bound xso«
leucine for threonine deaminase. :

In buffer of !ugh ioric strength threomne de:mu-
nase is nghﬂy bound to isoleucine-; leucine-, valine-,
and threonine-Sephaross, respectively. This is in patt
due to two unspecific effects: i) not only threonine
‘deaminase but ar appreciable quantity of other pro- .
teins is bound. ii} Glycine-Sepharose retards threonine
deaminase although glycine presumably does not in-
temct Speut' cally thh the enzyme. .
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