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Enzyme with LeuDH activity, nucleotide seciu:ence coding 
therefor and process for the preparation of the enzyme 

s 'l'he invention relates to an enzyme with LeuDK activity, to 
the· a. cereus nucleotide sequence co41.ng therefor, to 
microoxganiams of the genus B. coli which contain said 
sequence,. and to a process for the preparation of the 
enzyme. 
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Leucine dehyd.rogenase (LeuDH, BC 1. 4 .1. 9) is an NAD+ -

dependent oxidoreductase which catalyzes the reversible 
deam~nation of L-leuc1ne and various other aliphatic L­
amina acids to their keto analogues, the equilibrium of the 
reaction lying on the L-leucine side. 
The enzY11le.is suitable for the production of L-tert.­
leucine and other non-proteinogenous aliphatic amino acid.a 
in the enzyme membrane reactor. L-tert. -Leucine functions 
as a chiral inductor in chemical syn.thesis and is used in 
the preparation of.drugs, bringing about an impx:evement in 
the metabolic stability of peptides and pseudopeptides. 

The process for the preparation of L-leucine in a membrane 
reactor using Leu1>H obtained from B. stearothermophilus has 
been described by -r. Oshima ·et al. (1). 

At ?2°c,_. however, the temperature optimum of ~uDK from B. 
steazo~lus is 1110re than 1o•c higher tban that of 
Leum £=s a. aez:eus. 

-.. ~: 

Thia spec!.es has a1so been screened as an ef f icien.t. enzyme 
producer. 
SchG.tte et a1. (2) have described the preparation and 
purifioation of the enzyme under disoussion • . .. 

35 
l:t has a .Olecu1ar weight of ca. 31.0 kDa and ocmsiats of 
eight !.den.ti.cal eub\mits of 39 kDa each (3), in oon.trast to 
the other known types of LeuDtl (the others have 6) . 
LeUDH from B. oereus bas a temperature optimum. of ca. 60°C 
and is stable up to so•c in the pH range between 5. 6 and 9 • a 
(heat for 30 min in 50 mM potassium phosphate buffer, pH 

40 7.8, containing 0.1% 2-mercaptoethano1}. 
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It can be stored in sot glycerol at -20°c for at least one 
year without activity loss (2). 
These properties make the increased use of LeuDH from B. 
cereus appear advantageous. 

s However, because of toxin formation, B. cereus is 
classified in hazard category 2 (German Law on Epidemics) 
and 118.Y only be handled if increased safety precautions are 
taken. This makes larger-scale enzyme production from the 
wild strain unattractive. 

10 
The object of the invention is to provide the enzyme LeuDH 
known from B. cereus by another route. 
The invention provides a B. cereus DNA sequence (DNA 
fragment) which is characterized in that it codes for an 

15 enzyme with leucine dehydrogenase (LeuDH) activity and 
comprises 
(a) the nucleotide sequence shown in Fig. l (sequence 

listing), or 
(b) a nucleotide sequence corresponding to the sequence of 

20 (a) within the degeneracy of the genetic code, or 

(c) a nucleotide sequence hybridizing with the sequences of 
(a) and/or (b). 

The mutant of the DNA sequence (a} formed by single or 
25 11\Ultiple base substitution, rell\Oval, insertion or exchange 

cOdes for an enzyme with identical biological activity to 
that of the DNA sequence (a). 

P:.lg. 1 shows the corresponding amino aci.d sequence between 
30 c:odona 450 and 1sso. 

The DNA fragment (a) has an overall length of ca. 1.7 kb. 

The chromosomal DNA is isolated from the LeuDH-forming 
microorganism in a manner known per se. This is effected 

35 for example by the process of H. Saito and K. Minra, 
Biochem. Biophys. Acta 72., 619 (1963), or Heinrichs et a1. 
(4) • 

The resulting,DNA is then cleaved in a manner known per se 
for ligation with plasmid DNA. 
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It is preferable to use restriction endonucleases which do 
not out.the Leumi gene. 
The ligation with the plasmid DNA is facilitated by 
choosing a restriction endonuclease (or restriction 

s endon.ucleases) for which there is only one cleavage site. 
The B. cereus DNA fragment according to the invention can 
be inserted by ligation into any plasmids capable of 
autonomous replication in B. coli. 
Bxamp1es which may preferably be mentioned are COlEl., 

10 pSC101, pBR322, pACYCl. 77, pCR.1 and especially pUC18 . 

The chr0100somal DNA is ligated with the plasmid DNA in a 
manner known per se, for example by cleavage of the 
chromosomal donor DNA and the plasm.id with the same 

15 restriction endonuclease (a) and subsequent ligation of the 
cleavage products with a DNA ligase (11). 

It is preferable to choose an SmaI cleavage site and an 
XbaI cleavage site·. 

20 With the commercially available pUCl.8 and the DNA fragment 
according to the invention, this gives pLeu2 of 4401. bp. 
This vector has been deposited in the E. coli strain XL1 
blue under the number DSM 10441 in the German COllection of 
Microorganisms and Cell cultures in accordance with the 

25 Budapest cOnvention. . 

Pig. 2b shows the corresponcllng restriction map. Vector 
pLeu2 can undeX"go au~onomous replication in B. coli. 

30 The vectors carrying the DNA fragment according to the 
invention can be traneformed in a manner known per se to 
microorganisms of the genus B. co1i. 
The enzyme with LeuDH activity is constitutively strongly 
overexpressed in E. coli under the endogenous LeuDH 

35 promoter from B. cereus and is present in the E. coli cells 
in a proportion of up to ca. so~ of the soluble cell 
protein. 
This value exceeds the value found for expression in B. 
oereus by a factor of 10 to 30. 
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The invention further relates to the use of the vectors 
containing the DNA fragmer.it according to the invention, in 
the appropriate transform.ants, for the preparation of 
enzyraes with LeuDH activity. 

S The ·tnedia to be used for incubation of the transformants 
are synthetic, semsynthetic or natural 11\edia such as those 
in· general use. 

They contain nutrients like carbon sources, nitrogen 
10 sources and inorganic compounds. 

Examples of favourable carbon sources •re sugars such as 
glucose, fructose or invert sugar, saccharified starch, 
sorbitol or glycerol. 

15 Examples of favourable nitrogen s<:>urces are ammonium 
sulphate, ammoniwn chloride, ammonium nitrate, a-mm.onium 
phosphate, ·ammonium hydroxide, ammonium tartrate, all\l'l\ODium 
acetate or urea. 
Examples of favourable nutrients which can be offered as 

20 both nitrogen and c•rbon sources are peptone, meat extract 
or corn steep liquor. 
Examples of faVC>urable inorganic compounds are potassium 
clihyd:rogen phosphate, d.ipotassium hydrogen phosphate, 
sodium hydrogen phosphate, disodiu.m hydrog-en phosphate, 

25 magnesiU.m au1pbate, magnesium chloride, potasai\l\\\ chloride, 
sodium chloride, iron(ll} sulphate, ·iron(II) chloride, 
iron(III) au1pbate~ iron(III) chloride, manganese sulphate 
or manganese chloride. 
Examples of other favourable nutrients are yeast extract or 

30 vitamins. 
The transformants can be incubated either in a 1iqu.id 
11\edium or in a solid medium. It is generally advantageous 
to use a liquid medium. Por large-sca1e production it is 
particu"larl-y advantageous to carry out the incubation with 

35 shaking or with aeration and stirring. The incubation 
temperature is 20 to 4s•c. preferably 28 to 37°C. It is 
advantageous to adjust the medium to a pH of 6 to 9 with a 

suitable neutralizing agent during the incubation. As a 
rule the enzyme is present inside the cells. 
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After expression of the recombinant LeUOH DNA in the chosen 
E. coli strain, the cells are therefore macerated .(e.g. by 
grinding with glass beads) and the desired enzyme is 
obtained from the resulting crude extract by methods which 

s are generally known. 
This crude extract can also be used for the activity.test. 
In this way it is found, in one Example, that the specific 
LeuDH activity of the enzyme obtained from the recombinant 
clone according to the invention has increased by a factor 

10 of ca. 27 compared with the crude extract similarly 
obtained from B. cereus ( o. 6 u/mg -+ 16 u/mg) . 

The invention also provides the enzyme obtained in this way 
and its use for the enzymatic synthesis of non-

15 proteinogenous, especially aliphatic L-amino acids by 
reductive amination of the corresponding u-keto acids. 

L-tert.-Leucine is preferably used. 

20 Examples of starting compounds used for the corresponding 
L-am.ino acids are 2-oxo-4-methylpentanoic acid 
(ketoleucine), 2-oxo-3-methylpentanoic acid 
(ketoiaoleucine), 2-oxo-3-methylbutanoic acid (ketovaline), 
2-oxopentanoic acid (k.etonoxva.l.ine), 2-oxo-4-methyl.hex.anoic 

25 acid, 2-oxobutanoic acid, 2-oxo-3,3-dimethylbutanoic acid 
(keto-tert.-leucine), 2-oxohexanoic acid (ketonorleucine), 
2-oxo-4,4-d.imethylpentanoic acid (ketoneopentylglycine), 2-
ox:o-3,3-dimethylpentu.oic acid, 2-oxo-4:-ethylhexanoic acid, 
2-oxo-s,s-dimethylhexanoic acid, 2-oxo-3-

30 cyclohexyl.propanoic acid and 2-oxo-4,4-dimethylhexan.oic 
acid. 

Characteristic features of the enzyme obtained according to 
the invention are an increased initial activity and a lower 

35 product inhibition compared with enzymes known for these· 
purposes from the state of the art. 
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Experimental section 

1. Isolation of genomic DNA from B. cereus 

s B. cereus DSM 626 was itloculated. fxom. the strain collection 
as an overnight culture in 4 Id of 2t yeast flXtr&at, o. 2\' 
Ee9P0, and•~ g1ucose an4 shaken at 3o•c. 4ftle precultut'e 
wa.s used to inoculate 200 al.of the aame aec:U.wa (1140 
dilution) and the cells were left to grow to an ODcoo of 

10 1.43 (4 hat 30°C). 1 g of the resulting 2 g of bacterial 
cells was used for isolation of the genomic DNA. The DNA 
was isolated essentially by the method of Heinrichs et al. 
(4). For efficient rem.oval of· the DNA, RNAse ~ (O .1 mg/ml) 
was added as well as the protease (Quiagen) • The yield 

15 from 1. g of cells (moist weig~t) was 1.8 mg of genomic DNA. 

2. Preparation of a PCR. fragment of LeuDH 

A genome bank was prepared by synthesizing two degenerate 
20 prim.era 

(TTCGJU\./GTA'TT/crA/G/TGAAAAATAT/CGA'rlAT<JAG./AC'AA 
GGCA/GT'l'GA'l'CACM.'AA.'l'CCQGQ/OQCAWl.GAOGAT) , 
which were derived from B. oereus protein sequences and the 
known sequences of already cloned Leumts fXOlll T. 

25 interm.edius (S) and B. stearotheriiophilus (6). 
The codon usage of B. cereus. was taken frotU a Table wlU.ch 
is to be found on the lllternet under 

.. . ·;· .. 

http://www.dna.affrc.go.jp/nakamura-bin/showcodon.cgi? 
species=Bacillus + cereus + (gbbct] 
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CocSoa usaao tatito 

BadlUs«tt111fPl*J1S1CDS'1(1GG9eodau> 

lelctr. (uiploc] ~ ... ~~ 

. 
vuv aa.ac &OJ ... u.ac .UGI •... , -· _, s.ic lt.l 
a-.: u.s, \ft.) ucc 1.1.( 12) -.e 1.0.sc 10tt VIC i..tc U) 
UVA U.1.( .. , VCl.lt.tt UO> ...... , ua aV& G.l( 1a - e.at ISJ ..... , a1 .,, o.tc ., -11.t( llSl 

cov u.oc S.4'> ccv 20.cc UO} CU &C.1( 1'8) Cati 1t.I( 141) 
cvo ~.,( &;• OCG' o.ac ,, a.c c.2t 44) c;c .. ,. 41) 
cia 10.sc 1J > ~ 1.,.t( . ,,,, .•. 11.2( tQ} ecw-. .. ,, 4tt 
CVG 2 •• , SO). CCG t.Sl .,, CM t.&t Tit Cl!G O.G( Sl 

AW 41.G( 41SJ aaJ JS.I( HS) ., u.ai 4.f.f} NR 13.,{ 1U) 
MC 10.C( 110) 

AeC '·" d~ MC lt.1( 1.lll 1'QC ,.0( U) 
Na·U.1( UC) ~11.ac _,. ee>.11 aaa .,_, $.I( 11) 

AUG 2.2 .. l( 07) ~ 1J.9( 1t$) »D1G.tC 1.'Hl ... 2.S( 24) 

ClUU 24..1.( 81) GCrJ u.tt 2.10t Gii .te.ac SUl Glii'1 %1.'I ( 278) 
GUC 3.0( iu GCC a.ac S(J - ... .,, 101J · GGC 6.9( '2) 
GUA aa.ac 34f) CK:A a&.8( ., .. 8A CG.Ot .. ,.. Gca 31..1( 32t) - 9.4.t 18) CCG U.2( 127) AG lS.2.( Ull G8G .. .,, 1.0'1) . -CodfD8 GCSG..42% llC.tetf.etGC4Ulff~letter GC 36.SCMJsd leuer GC 24.51% 

. 
--

CodmtYtmfbtd CQSCfi;mrlat) 

With these 

primers and the g'el\()1'1d.c DUA as teaplate* an eso bp DNA 

fragment coul.d be synthesized in the PCR (100 119' of 

teaplate, 40 paol of eaoh primer, 200 pmo1 of dll'fts* 1.s U\M 

MgCl.a# 2.s u of Taq po1ymerase, anneal.tag temperature 4.2°c, 

35 cycles: 1.: denaturatiOll: s mn at 94°c, 2.•34.: 

denaturation: 1.30 min at 94°c, annealing: 1.30 min at 42•c, 

synthesis: .?2°C,. "35.: last synthesis: 7 min at ?2°c) • The 

DNA fr.,gment was cloned into vector ptJC18 and sequenced 
according to (7). 
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3. Detection of the LeuDH gene by southern blotting 

To prepare a DIG~labelled DNA probe, the PCR. was repeated 
with the cloned LeuDH fragment as template and the above 

s primers, using DIG-labelled dtJTPs (66 pM DIG-11-dtJTP, 66 µM 

dTTP, 134 µM dATP, dCTP, dGTP) (8). 

The genomic DNA was cleaved with various restriction 
enzymes and separated by electrophoresis on a o.et agarose 

10 gel {SO V, 5 h, llT) and the separated DNA was transferred 
to a nylon filter and, after UV crosslinking, hybridized 
with the DNA probe (8). The bound DNA was visualized by 
chemiluminescence (reagent: CSPD, Luminograpb) or by means 
of a colour reaction (8) • The DNA cleaved with the enzyme 

15 XbaI showed a band of ca. 3000 bp after hybridization, 
which was suitable for creating a partial gene bank. 

20 

4. creation of a partial gene bank and screening with an 
activity test 

The genomic DNA separated in the 2000-3000 bp region on the 
agarose gel. was cut out of _the gel with the agarose and 
isol.ated from the gel with glass ailk (Jetsorb} • The DNA 
purified in this way was cloned into vector pt1C18 and 

25 transformed in Escherichia coli XL1 blue (9). ea. soo 
colonies were -picked from this partial genome bank and 
transferred to master plates. 
The colonies were transferred to a Whatman filter and 
subjected to an activity test (6# 10). A clone giving an 

30 intense b1ue co1ouration was found. 

35 

s. Characterization of the recombinant E. coli strain 

5.1. Determination of the DNA sequence 

The plasmid DNA was isolated from the po~itive E. coli 
clone and a gene map was created by digestion with various 
restriction enzymes. The plasmid was called pLeu1 (see 
plasmid map# Fig. 2a}. 
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Plasati.d pLeu1 was used to prepare plasmid pLeU2 (Pig. 2b), 
in which the non-translated region at the s• end of the gene 
was shortened to 400 bp by digestion with the restriction 
enzyme Smal. Subgenomic fragments were cloned from this 

s plasaiid and the complete DNA sequence was determined using 
the universal and reversal primers from Pharmacia and s 
sequence-specific primers ('7). Both strands were sequenced 
(Pig. 1). The strain B. coli XL1 blue pLeu2 was deposited 
under no. DSM 10441 in the German Collection of 

10 Microorganisms and Cell cultures in accordance with the 
Budapest Convention. 

15 

s.2. Expression of the recombinant LeuDH DNA in Escherichia 
coli 

s.2.1. Activity test 

The recombinant clone was grown overnight in 5 ml of LB 
medium and the bacteria were centrifuged off, resuspended 

20 in 1.6 ml of PBS and then macerated with glass beads (O .3 
mm. diameter) (2 min in a Vortex). The resulting crude 
extract was used in an activity test to show an activity of 
16 u/mg. The LeuDK activity of the recombinant clone bas 
accordingly been increased by a factor of 30 compared with 

25 the crude extract from B. cereus (0.6 u/mg) (2). 

30 

35 

s.2.2. -rest procedure 

3 ml. scale 

solutions required: 0.1 M glycine in 0.1 M NaCl solution 
0.1 M NaOH 
52.2% of sol. a + 47.8% of sol. b gives 
buffer solution of pH ca. 10.7. 
13.53 mg/ml of KPI, pH 8.0, NAD (20.4 mM) 
8.59 mg/ml of KPI, pH 8.0, L-leuoine (65.5 
mM) 
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Assay: 2000 µl of 0.1 M glycine/KCl/KOH buffer, 
pH 10.7 

5 

10 

500 fll of HAD 
soo fll of L-leuoine 
25 µl of sample 

Temp.: 2s0 c, A• 340 nm, factor: 19.453 

5.3.3. Preparation of LeuDH 

The strains were fermented in the following media: 

B. cereus (DSM 626): 2.0t (w/v) of yeast extract 
0.2t (w/v) of ~HPO, 

15 4.0% (w/v) of glucose 
pH 7.0 

20 

highest pos$ible oxygenation during the 
fermentation 
temp. : 30°C 

The growing time at 1% inoculation volume is oa. 6 to 8 h; 
expected OD"2 ca. so; harvest at 1% residual glucose. 

B. qoli pLeµ2: LB medium 
25 o.S% (w/v) of NaCl 

30 

35 

0.5% (w/v) of yeast extract 
1.0% (w/v) of bactotryptone 
100 1119/fl]._of ampicillin 
pH 7.0 to 8.0 
p02: 70 to 90% 
temp.: 37°C 

Growing time at St inoculation volume ca. S h; harvest at 
OD550 = 3.3. 
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11. 

The following values are obtained.: 

Strain Fermenta Moist Total Volume Activity 
tion weight activity activity I moist 
volume of (u/l) weight 
(1) bacteria (U) (U/kg) 

(kg) 
B. 200 70.7 143,000 715 2023 
oereus 
B. coli 
pLeu2 20 0.075 8250 412 110,000 
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Claims 

1. AB. cereus l)NA sequence, characterized in that it 
cod.es for an enzyae with leucine dehydrbgenase (LeuDH) 

s activity and comprises 
(a) the nuc1eotide sequence shown in Fig. 1 (sequence 

listing}, or 
(b) a nuc1eotide sequence corresponding to the sequence 

of (a) within the degeneracy of the genetic code, or 
10 (c) a nucleotide sequence hybridizing with the sequences 

of (a) and/or (b),Fig. 1 forming part of this Claim. 

2. A vector capable of autonomous replication in B. coli, 
into which the nucleotide sequence ·according to Claim 1 is 

15 inserted. 

3. A vector according to Claim 2, characterized in that 
it contains DNA from plasmid pUC18 and the DNA sequence 
.according to Claim 1, deposited as pLeu2 in the strain B. 

20 coli XL1 blue undex; no. DSM 10441 and characterized by the 
restriction map of Fig. 2b, said Figure fanning part of 
this Claim. 

4. A microorganism. of the genU:S E. coli with a high 
25 prod.uotivity for LeuDH, containing a vector according to 

Claims 2 and 3 ~ 

s. A microorganism. of the geq.us B. coli according to 
Claim 4, deposited as the strain B. coli XL1 blue under no. 

30 DSM 10441. 

35 

6. A process for the preparation of leucine dehydrogenase 
(LeuDH)1 characterized in that recombinant DNA containing 
a} 

b} 

the nucleotide sequence derived from.a. cereus 
according to Claim 1 and 
plasmid DNA which undergoes autonomous replication in 
E. co1i is inserted in the form of a vector into a 
microorganism of the genus B. coli# the resulting 
transformant is fermented in a suitable medium and the 

40 Leu-OH is separated from the microorganism. 
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?. A pi-ocess according to Claim 6, characterized in that 
a microorganism according to Claim 4 or s is used. 

s 8. . Use of the enzyme with LeuDH activity obtained 
according to Claims 6 and 7 for the preparation of non­
proteinogenous L-amino acids from the corresponcling u-keto 
acids. 

10 9. Use of the enzyme according to Claims 6 and 8, . 
characterized in that the following u-keto acids are used; 
2-oxo-4-methylpentanoic acid, 2-oxo-3-methylpentanoic acid, 
2-oxo-3-methy~butanoic acid, 2-oxopentanoic acid, 2-oxo-4-
methylhexanoic acid, 2-oxobutan.oic acid, 2-oxo-3,3-

15 dimethylbutanoic acid, 2-oxohexanoic acid, 2-oxo-4,4-
dimethylpentanoic acid, 2-oxo-3,3-dimethylpentanoio acid, 
2-oxo-4-ethylhexanoic ac;:id, 2-oxo-s,s-dimethylhexanoic 
acid. 2-oxo-3-oyclohexylpropanoic acid and_2-oxo-4,4-
dimethylhexa.noic acid. 


