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ABSTRACT

A process for production of L-methionine 7 -lyase crystals by using polyethylene glycol, characterized by

comprising the first step of warming a solution containing L-methionine 7 -lyase before or after addition of

polyethylene glycol thereto and the second step of adding an inorganic salt.
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DESCRIPTION

PROCESS FOR PRODUCTION OF L-METHIONINE v -LYASE CRYSTALS

Technical Field

This mvention relates to a process for production of crystals of L-methionine v -lyase useful as an
antitumor agent, a process for purification of L-methionine v -lyase comprising the process for production of
crystals and recombinant L-methionine v -lyase crystals producable by the process for this producing system.

Backeround Art

L-Methionine v -lyase (EC 4.4.1.11) is an enzyme which requires pyridoxal phosphate as a coenzyme and
catalyzes «, 7y —elimmation and vy —replacement of L-methionjne; or its derivatives and also «, f —
elimination and 3 —replacement of S —substituted L-cysteine or its dertvatives. It was reported that the
enzyme was 1solated and purified from Pseudomonas putida (Nakayama, T. et al., Anal. Biochem. 138, 421-424
(1984)). Recently, 1t was found that L-methionine v -lyase has an antitumor activity (WQ94/1 1533). Inthe
past, L-methionine vy -lyase could be obtained in very small quantity from Pseudomonas. putida. However,
recent development of recombinant DNA technology provides a possibility of its large quantity production (Inoue,
H. etal., J. Biochem. 117, 1120-1125 (19935)).

Needless to say, a drug used as a pharmaceutical preparation should be pure. In the past, L-methionine 7 -

lyase was extracted from cells of Pseudomonas putida and purified by a combination of 1on-exchange column

chromatographies (Nakayama, T. et al., Anal. Biochem. 138, 421-424 (1984), Lishko, VK et al., Protemn
expression and punfication 4, 529-333 (1993)). However, such enzyme did not have an enough purity to be used
as pharmaceutical preparations, and it was difficult to purify it on a large scale.

As a method for production of protein crystals, a method using polyethylene glycol is well known.

Concerning L-methionine v -lyase, a procedure of its crystallization was reported (Esaki, N. et al., Methods in

Enzymol. 143, 459-465 (1987)). The crystallization was performed by mixing L-methionine 7 -lyase with a

potassium phosphate buffer containing polyethylene glycol and leaving the mixture at room temperature (so called
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vapor diffusion method). In the paper, however, L-methionine 7 -lyase of high purity which had previously

been purified by column chromatographies was used for the crystallization. Moreover, the quantity of the
crystals obtained was very small (1.6 mg).

Disclosure of Invention

It 1s difficult to produce a large quantity of crystals from a protein which has not been purified and contains
impurities. Even though such crystallization succeeded, it was often impractical because the crystals still contain
impurities. Therefore, a large scale crystallization at such step has hardly been attempted. This invention aims
to provide a process for production of a large quantity of pure L-methionine 7 -lyase crystals from unpurified L-

methionine 7 -lyase, and a process for purification of L-methionine 7 -lyase which comprises the process for

production.

From the result of intensive studies for the above purpose, the present inventors have found out that a highly
purified L-methionine 7 -lyase crystals can be produced in a short time by the method for production of L-
methionine 7 -lyase crystals using polyethylene glycol, that is to say, the first step is the warming of a solution

contaming L-methionine 7 -lyase before or after addition of polyethylene glycol thereto and the second step is the

addition of an inorganic salt. Thus, the present invention has been accomplished.

In this invention, L-methionine 7 -lyase means either or both of a natural L-methionine 7 -lyase produced
by a microorganism such as Pseudomonas putid.a and a recombinant L-methionine 7 -lyase prepared by a
recombinant DNA technique. From the point of view for industrial mass production, the recombinant L-
methionine 7 -lyase is preferred. Therefore, though the recombinant L-methionine 7 -lyase (hereinafter
referred to as "rMETase") is used for explanations in the embodiments of the present invention, the natural L-
methionine 7% -lyase can also been used.

A solution containing L-methionine 7 -lyase used in the process for producing the crystals of the invention
means any ot solutions which contain unpurified or purified L-methionine 7 -lyase. Examples of the solution
include a crude enzyme solution described in the following step 1, a solution containing unpurified L-methionine

Y -lyase and a solution obtained after eliminating impurities by using polyethylene glycol. However, these

examples do not limit the scope of this invention.
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Additionally, cationic high molecular coagulants are used for eliminating nucleic acids or endotoxins as

insoluble agglutinates by binding the cationic groups to anion groups of nucleic acids or endotoxins. Examples

of the coagulants include polyethyleneimine or a cationic high molecular coagulant which mainly consists of

chitosan (preterred 1s Kurimover I (Kurita Water Industries Ltd, Tokyo, Japan)). However, these examples do

not limat the scope of this invention.

Bref Description of Drawings

Figure 1 1s a picture showing prismatic crystals of rMETase.
Figure 2 1s a picture showing bi-pyramidal crystals of rIMETase.

Figure 3 is a drawing of a strategy for preparing a novel rMETase expression plasmid pMGLTrc03.

Best Mode for Carrving Out the Invention

I.  Preparation of solution containing L-methionme v -lyase (rMETase)
(1) Cultivation of rMETase expression strain
An expression plasmid, into which a structural gene of L-methionine v -lyase is inserted, is prepared
according to the method described in Inoue, H. et al., J. Biochem. 117, 1120-1125 (1995). More concretely, the
expression plasmud 1s prepared by inserting a DNA fragment containing L-methionine v -lyase gene into
pKK?223-3, pPL-Lambda or other vectors which have a suitable promoter for effective expression of rMETase
gene 1n a £.coli such as lac, tac, trp, trc, or A PL and Shine-Dalgarno (SD) sequence or into pKK233-2, pTrc99A

or other ATG vectors which have a translation initiation codon ATG  The expression plasmid is introduced into a

sutable host cell such as E.coli stramms HB101, IM103, IM1035, JIM109, C600, MV1184, DH1, DH5, DH5 «,

BL21. Thus, arMETase expression strain is obtained and cultured.

(2) Elimination of the cell debns.

After the cultivation, the cells are disrupted by a high pressure homogenizer (APV-Gaulin) at 20 to 55 °C,
preferably at about 42 “C. A cationic high molecular coagulant is added to it. As the cationic high molecular

coagulant, polyethyleneimine or Kurtmover 1 is given for example. After adjusting the final concentration of
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the cationic high molecular coagulant to 0.05 - 0.5 % (w / v), preferably 0.1 - 0.2 % (w / v), the cell debris is

eliminated by the cationic high molecular coagulant at 5 to 25 °C for 1 to 20 minutes to obtain a solution of crude
rMETase. Instead of the elimination by the cationic high molecular coagulant, the cell debris can be eliminated
by cell disruption using a high pressure homogenizer, centrifugation, and heat treatment of the supernatant at 55 to
65 °C for 1 to 10 minutes. The obtained crude enzyme solution is salted out by an ammonium sulfate and
centrifuged. The obtained precipitates are dissolved in a buffer solution, preferably a phosphate buffer solution,
to obtain a solution containing unpurified L-methionine 7 -lyase (tMETase).
(3) Elimination of impurities

Subsequently, polyethylene glycol of which final concentration is from 5 to 25 % (W/V), preferably from
about 8 to about 12 % (W/V) is added to the unpurified tMETase-containing solution. The mixture is stirred at
about 2 °C to about 15 °C, preferably 4 °C for about 10 minutes to about 120 minutes, preferably about 60
minutes and centrifuged to eliminate impurities. As the polyefhylene glycol, it is preferred that its average
molecular weight is not less than about 7,200 (eg, PEG 6000). By addition at this step of ammonium sulfate to
make 1ts final concentration 8 to 10 %, preferably 10 % as a saturation concentration, the solubility of rMETase
becomes higher and the loss of rMETase can be minimized.

2. Production of tMETase crystals

(1) The L-methionine 7 Flyase-containing Solution, preferably the solution from which impurities are
eliminated at the above described step 1, is warmed and polyethylene glycol is added. The warming can be
performed either before or after the addition of polyethylene glycol. The polyethylene glycol can be added before
and/or after the warming. In this case, the addition of polyethylene glycol before the warming may be done for
the above described purpose of eliminating impurities.

The temperature after the warming is about 25 °C to about 40 °C, preferably about 30 °C to about 32 °C.
In general, crystallization is promoted by refrigeration. In this invention, the crystallization of L-methionine 7 -
lyase was unexpectedly promoted by warming at this stage. This is one of the most important points of this
imvention. ‘

The addition of polyethylene glycol can be performed according to usual methods for protein crystallization.
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[n preferred embodiment, polyethylene glycol having the molecular weight not less than about 7,200 is added to
make its final concentration about 5 to about 25 % (W / V), followed by mixing and dissolving. In the case that

polyethylene glycol is separately added before and after the warming, the total concentration of polyethylene

glycol should be adjusted to the final concentration mentioned above. In the case that the tMETase containing-
solution prepared in the step 1 is used, polyethylene glycol may be added to reach the above described final

concentration including the remained polyethylene glycol which has been added for elimination of impurities

(2) Further, an inorganic salt is added to give prismatic crystals of rtMETase. As the inorganic salt,
alkaline metal salts such as sodium chloride and potassium'chloride are given for example. Especially, sodium
chloride 1s pfeferred. The inorganic salt 1s used preferably at the final concentration of about 20 mM to about
500 mM, more preferably at about 100 mM to about 200 mM. The inorganic salt is added in 10 minutes to two
hours, preferably in 20 minutes.

The crystals can be formed from the solution without mixing. However, it is preferred to mix the solution
during the above described steps (1) and (2). The solution for the crystallization is preferably maintained at pH 7
to 8, more preferably at 7.2 to 7.5.

The crystals of rMETase can be separated by centrifugation.

‘The obtained rMETase cr‘ystals are of high~ punity and pyrogenic substance has been decreased. The
crystals could be stored under cool condition in long term period.

Highly purified rMETase crystals containing extremely little contaminant proteins can be obtained by
repeating the steps (1) and (2). The rMETase obtained by this crystallization has the same or higher purity than
that obtained by combination of several column chromatographies without crystallization. Further, purification
after the crystallization of this invention (e.g., column chromatography such as ion-exchange column
chromatography and size exclusion column chromatography ) provides highly puritied rMETase crystals, in which
the amount of other contained proteins is very little and the concentration of pyrogenic substance is controlled to a

low level enough to obtain a permission of pharmaceutical use, the marketing approval as drugs.
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It 1s obvious that the crystallization method has industrial and economical advantages against
chromatography method. Therefore, the method of purification of L-methionine v -lyase which includes the
process for producing the crystals of this invention is very useful for industrial use.

Recombinant L-methionine v -lyase crystals which are produced by the producing process of this invention
are novel.  This invention also provides these novel crystals. The rMETase crystals produced according to this
invention had the same enzymatic activity as that of the natural protein and the amino acid sequences were

1dentical to each other .

T'his mmvention 1s explained in more detail by showing examples and reference examples which do not limit

the scope of this invention.

Reference example 1 : Cultivation of rMETase expression strain

rMETase expression plasmid pYH301 (Inoue, H. et al, J. Biochem. 117, 1120-1125 (1993)) was
constructed by inserting a L-methionine v -lyase structural gene into expression vector pKK223-3 (Amersham

Pharmacia Biotech). This plasmid was introduced into Escherichia coli JM109 to be used as a rMETase

expression straimn.  After incubation in LB medium as seed culture, the cells were cultured for 24 hours at 37°C

in Terrific broth (Funakoshi, Tokyo, Japan).

Reference example 2 : Preparation of crude enzyme solution

300 ml of a culture broth obtained in Retference example 1 was centrifuged. About 20 g of wet cells were
collected and suspended in 140 ml of a buffer solution for cell disruption (1.3 mM pyridoxal phosphate (PLP),
0.01 % dithiothreitol (DTT), 100 mM sodium phosphate buffer solution (Na-PB), pH 7.2), then disrupted. The
suspension after the cell disruption was centrifuged, and 146 ml of cell extract was obtained (specific activity of
rMETase : 20 U/ mg). The cell extract was heated at 60 “C for 5 minutes, cooled, and centrifuged again to g1ve
136 ml of clear lysate as a crude enzyme solution ( specific activity of rMETase : 30 U/ mg). Otherwise, 155 ml

ot the suspension after the cell disruption was treated with polyethyleneimine at 10 °C for 5 minutes and
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centrifuged to give 136 ml of clear lysate as a crude enzyme solution (specific activity of rtMETase : 20 U/ mg).

Reterence example 3 : Assay of IMETase activity

The activity of rMETase was determined as follows. The rMETase solution obtained in the above
Reference examples was diluted with a dilution buffer (10 2 M PLP, 1 mM EDTA +2Na*2H,0, 0.1 g/ 1 (F)-
dithiothrertol, 0.5 g / 1 Tween 30, 100 mM potassium phosphate buffer solution (K-PB, pH&.0)) to prepare a
dilution enzyme solution. A solution containing L-methionine as a substrate was preincubated at 37 °C for 5
munutes (25mM L-methionine, 10 £ M PLP, 100 mM K-PB (pH 8.0)), to which 50 ££ | of the dilution enzyme
solution was added, and the mixture was reacted at 37 °C for 10 minutes. 100 £ 1 of trichloroacetic acid (500 g
/ L ) solution (hereinafter referred to as TCA solution) was added to terminate the enzyme reaction. The mixture
of 0.8 ml of the obtained enzyme reaction solution, 1.6 ml of an acetic acid buffer solution (1 M sodium acetate /
acetic acid, pH 5.0) and 0.60 ml of MBTH solution (1g / L 3-methyl-2-benzothiazolinone hydrazone HCl*H,0)
was reacted at 50 °C for 30 minutes, then cooled to room temperature. The amount of produced & ketobutyrate
was determined by measuring the absorbance at 320 nm (E,., sample). The reference absorbance was similarly
determined as a blank (Es,, blank) by adding the dilution enzyme solution and TCA solution vice versa. 1 Unit
(U) of the enzyme was defined as the amount of the enzyme producing 1 £ mol of & ketobutyrate for 1 minute.

Enzyme activity(U/ml)= (1.15+3.00/15.74/0.05/0.80/10)- (A E+2(A EY)

=0.5480 (A E+2(A E))
(Where, A E:E,,;sample —E;,,blank, 1.15: Quantity of enzyme reaction solution (ml), 3.00 Quantity of MBTH
reaction solution (ml), 15.74 : molecular extinction coefficient of azine derivatives (mM), 0.05 : Quantity of
enzyme reaction sample solution (ml), 0.80: Quantity of MBTH reaction sample solution (ml), 10; Reaction time

(minute))

Reference example 4 : Purification of tMETase by column chromatography

A crude enzyme solution was obtained by cell disruption and heat treatment according to Reference example

2. 270 ml of deioninzed water which contained 10 £ M PLP and 0.01% 2-mercaptoethanol (2-ME) was added
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0 136 ml of the crude enzyme solution. The crude enzyme solution was adjusted to be pH 7.2 and applied to 100
ml DEAE-TOYOPEARL 650C column (Tosoh Corp., Tokyo, Japan) which had been equilibrated with 10mM
Na-PB (pH 7.2). The column was washed with 10 mM Na-PB (pH 7.2) which contained 50 mM NaCl, 10 2« M
PLP and 0.01% 2-ME. The enzyme was eluted with 10 mM Na-PB (pH 7.2) which contained 100 mM NaCl, 10
A M PLP and 0.01% 2-ME. The specific activity of the rMETase was about 46 U / mg. 100 ml of 10 mM
Na-PB (pH 8.0) which contained 10 £+ M PLP and 0.01% 2-ME was added to about 100 ml of the obtained active
fraction, and the mixture was adjusted to be pH 8.0 and applied to 50 ml DEAE-Sepharose FF column (Amersham
Pharmacia Biotech) which had been equilibrated with S0mM Na-PB (pH 8.0). The column was washed with 50
mM Na-PB (pH 8.0) which contained 80 mM NaCl, 10 £ M PLP and 0.01 % 2-ME. The enzyme was eluted
with 50 mM Na-PB (pH 8.0) which contained 120 mM NaCl, 10 « M PLP and 0.01 % 2-ME. The speéiﬁc
activity of the rMETase was about 50 U / mg. The obtained active fraction was concentrated by a membrane
which has a cutting size of 100 kDa (Millipore). 10 ml of the concentrated solution was applied to 400 ml
Sephacryl 5-200 HR column (Pharmacia Biotech) which had been equilibrated with 10mM Na-PB (pH 7.2)
contained 10 mM PLP. The specific activity of the obtained effective active fraction of the rMETase was 52 U /

mg. The specific activity and yield of rtMETase obtained after each purification step were shown in Table 1.

Table 1
Spectfic Activity
Purification Steps (U/mg) |

Supernatant after cell disruption ) 20 100

Crude enzyme solution 30 85

DEAE-TOYOPEARL L 46 B 65

DEAE-Sepharose FF | 50 . S0
_gonceg"trate_gl__S_OIutioB_ | 50 - 48

Sephacryl S-200 HR 52 40

Example 1 : Preparation of rMETase crystals — (1)

>3 g of solid ammonium sulfate (65 % saturation) was added gradually to 136 ml of the crude enzyme
solution prepared according to Reference example 2. The solution was adjusted by aqueous ammonia to be pH
/.2 duning addition of ammonium sulfate. The enzyme was salted out from the solution. The precipitates were

collected by centrifugation and stored in a refrigerator. The precipitates were dissolved in 40 ml of a dissolution
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buffer (500 «« M PLP, 0.05 % 2-ME and 100 mM Na-PB, pH7.2) and 4 g of PEG 6,000 (10 % (W / V)) was
added gradually, then the mixture was stirred at 4 °C for 60 minutes. After eliminating insoluble substances by

centrifugation, the solution was stirred at 4 °C for 16 hours. The resultant solution was warmed to 30 °C and

0.8 g of PEG 6,000 (2 % (w / v)) was added thereto with stirring to dissolve the PEG 6,000. 2 ml of 4 M NaCl

solution was added to the solution with stirring. The mixture was further stirred at 30 °C for 60 minutes to

produce prismatic crystals. After further stirring at 4 °C for 20 hours, the prismatic crystals of rMETase were

obtained by centrifugation (Figure 1).

Example 2 © Preparation of IMETase crystals —(2)

The prismatic crystals obtained at above Example 1 were dissolved in 40 ml of a dissolution buffer. This

solution was warmed at 30 °C and 4 g of PEG 6,000 (10 % (W / V) was added to the solution little by little with

stirring to dissolve. 2 ml of 4 M NaCl solution was added to the solution and the mixture was stirred at 4 °C for
20 hours. Appeared bi-pyramidal crystals were collected by centrifugation. These crystals were dissolved in
35> ml of the dissolution buffer. ~After warming the solution to30 °C, 3.5 g of PEG 6,000 (10 % (W / V)) was
added thereto with stirring to dissolve. 1.75 ml of 4 M NaCl solution was added with stirring and the mixture
was further stirred at 4 °C for 20 hours. The bi-pyramidal crystals were collected by centrifugation (Figure 2).
These crystals which were obtained in the abbve Examples 1 and 2 were highly purified to show a single
band by SDS polyacrylamide gel electrophoresis. It was confirmed that crystallization of this invention showed a
high purnfication etfect. Further, such obtained specific activity, purity and yield were same or higher than those
of the rMETase which obtained by the purification method combined with ion-exchange column chromatographies

mentioned in the above Reference example 4.

Example 3 : Application of rMETase crystals to column chromatography

The crystals obtained in example 2 were dissolved in 60 ml of the dissolution buffer. The solution was
applied to 50 ml ot DEAE-Sepharose FF (Amersham Pharmacia Biotech) column chromatography which had been

equilibrated with 20 mM Na-PB (pH 7.2). The column was washed with 20 mM Na-PB (pH 7.2) which
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contained 50 mM NaCl, 10 & M PLP and 0.01% 2-ME. The enzyme was eluted with 20 mM Na-PB (pH 7.2)

which contained 100 mM NaCl, 10 £« M PLP and 0.01% 2-ME.

The specific activity of the rMETase was about

52U/ mg. The obtained active fraction was concentrated to be 10 ml by a membrane which has a cutting size of

100 kDa (Millipore). 10 ml of the concentrated solution was applied to 400 ml of Sephacryl S-200 HR

(Pharmacia Biotech) column chromatography which had been equilibrated with 10 mM Na-PB (pH 7.2)

containing 10 &£ M PLP. The specific activity of the obtained effective active fraction of the rtMETase was 52 U

/ mg.

The specific activity and yield of rtMETase obtained after each operation in Examples 1 to 3 were shown in

Table 2.

Table 2

Example 1 —
Unpunfied tMETase solution

Example 2

Example 3

Purification Step

Supernatant after cell
disruption

Crude enzyme solution

rMETase prismatic crystals

rMETase bi-pyramidal
crystals

DEAE-Sepharose FF

e e ——" g Bl B S

Concentrated solution
S

Sephacryl S-200 HR

Sp. act.: Specific Activity

Example 4 : Preparation of novel expression plasmid

| Heat Treatment Polyethyleneimine
Treatment
Sp.act. Yield | Sp.act. | Yield
U/mg) Y% /mg %)
| 20 100 20 100
S S E—
30 85 20 92
e - - — — — | S
34 78 28 35
52 70 52 77
52 65 52 72
S2 55 52 61
52 53 52 59
S S S — .
52 48 52 53

The rMETase gene from which the initiation codon was excluded (rtMETase (-ATG)) was cloned by a PCR

method using pYH301 containing tMETase gene as a template .

1 ¢ 1ot 10 pmol sense primer (SEQ ID No.1:

5-CCCGGTACCA CGGCTCCAAC AAGCTCCCAG-3", 1 & 10of 10 pmol antisense primer (SEQ ID No.2:5'-

10
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CTCGAGACGG GTTCAGGCAC TCGCCTT-3"), and 8 £ | of ANTP (each 2.5 mM) and a tablet of Ampli
Wax"" (Perkin-Elmer Corp., CT, USA) were mixed and the resulting mixture was heated at 77 °C for 7 minutes,
then cooled at 20 °C for 3 minutes. 0.5 4 | of 5 U/ ml Taq DNA polymerase (Takara Shuzo Co., Kyoto, Japan)
and about 1 ££ 1 of Img/ml pYH301 were added and the quantity of the solution was filled up to 90 « | with
distilled water, then 10 £ 1 of PCR amplification buffer which is attached to the Polymerase Kit was added.

PCR amplification was conducted with DNA Thermal Cycler (Model PJ2000:Perkin-Elmer Corp.). The
reaction was set up as 1 minute at 94 °C, 1.5 minutes at 55 °C, and 2 minutes at 72 °C per cycle and performed
20 cycles. The resultant mixture was heated at 72 °C for 7 minutes and placed at room temperature. The
whole quantity of an aqua phase under a solidified wax layer was electrophoresed on agarose gel. The amplified
fragments were recovered by a DNA recovering System SpinBind™ (Takara Shuzo Co.)

2 1t Tofthe collected DNA fragments, 1 & 1 of pMOSBiue T-vector (Amersham Pharmacia Biotech) and 17
A 1 of distilled water were added to Ready-To-Go™ T4 DNA ligation kit (Amersham Pharmacia Biotech) and the
mixture was incubated at 16 °C for 45 minutes, and then E£.coli DHS strain was transformed. The transformant
was incubated on an agar medium containing ampicillin. A plasmid containing a rMETase gene and an
ampicillin resistant gene which were inserted in opposite direction was selected from the transformants and named
as LMGL/T-vector.

Next, itMETase(-ATG) of LMGL/T -vector w;'is inserted in downstream of the initiation codon of plasmid
pATG3131 which contained trc promoter, SD sequence, initiation codon (ATG), 5SrrnBT,T, terminator and
tetracycline resistant gene. At first, 5 &4 g of pATG3131 was digested with restriction enzyme EcoRI, flushed by
Mung Bean Nuclease and digested with restriction enzyme Xbal, followed by electrophoresis on an agarose gel to
recover 3.3 kbp of fragments by SpinBind. On the other hand, 10 & g of LMGL/T-vector was digested with
restriction enzyme Kpnl, flushed by a DNA Blunting kit (Takara Shuzo Co.) and digested with restriction enzyme
Xbal, tollowed by electrophoresis on an agarose gel to recover 1.2 kbp of fragments. These two fragments were

added to Ready-To-Go'™ T4 DNA ligation kit and incubated at 16 °C for 45 minutes, and then E.coli JM 109

was transtormed. This transformant was incubated on an agar medium containing tetracycline, from which a

plasmid containing the objective gene was selected and named as pMGLTrc03 (Figure 3).

11
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Example 5 © Preparation of tMETase crystals —(3)

rMETase expression strain was prepared by introducing rMETase expression plasmid pMGLTrc03 into
t.coli JM 109. The obtained strain was grown in LB as a preseed medium and further in LB containing 0.5 %
glucose as a seed medium, then cells were cultured in Terrific broth (Funakoshi) containing 4 % glycerol at 28 °C
for 24 hours by three 30-/ jar fermentors. 57 kg of the obtained culture broth was centrifuged (Alfa Laval) to
collect 19 kg of concentrated cells, to which was added 17.4 kg of 100 mM Na-PB solution (pH 7.5) containing
24.57 g EDTA, 10.34 g PLP and 3.3 g DTT. The obtained suspension of cells was heated at 28 °C and
subjected to a high pressure homogenizer (APV-Gaulin) to disrupt. The temperature after the disruption was
42 °C. 2.18 L of 5 % Kurimover I solution was added to 36.6 kg of the obtained solution within about 5 minutes
and the mixture was stirred for 20 minutes. 38.8 kg of the resultant solution was centrifuged to give 37.4 kgofa
crude enzyme solution . The obtained solution contained 160 g of rMETase whose specific activity was 30 U /
mg.

8.86 kg of ammonium sulfate was gradually added to the crude enzyme solution (40 % saturation). The
solution was adjusted by aqueous ammonia to be pH 7.2 for dissolving ammonium sulfate. The enzZyme was
precipitated by salting and stored in a refrigerator. The precipitates were collected by a centrifugal separator
(Sharples). The precipitates wére dissolved into 3.6L of a dissolution buffer (0.5 mM PLP, 0.05 % 2-ME, 20
mM Na-PB, pH7.2), to which was added a solution of 150 g of ammonium sulfate dissolved in 0.2 L of the
dissolution buffer. This solution was adjusted by aqueous ammonium to be pH 7.2 and cooled to 4 °C, to which
was added 1.6 L of a dissolution buffer containing 540 g of PEG 6,000 gradually, and the mixture was stirred at
4 °C for 60 minutes. After eliminating insoluble substances by centrifugation, 5.4 L of the dissolution buffer

containing 650 g of PEG 6,000 was gradually added with stirring, and the resultant mixture was warmed to 32 °C,

then 540 ml of 4 M NaCl solution was added with stirring for 20 minutes. Further stirring at 32 °C for 60
minutes produced prismatic crystals of tMETase. Further stirring at 4 °C for 20 hours for growing the crystals

and centrifugation gave the prismatic crystals of rMETase.

12
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Example 6 : Preparation of rMETase crystals —(4)

The prismatic crystals obtained above were dissolved in 6 L of the dissolution buffer, from which insoluble
substances were eliminated by centrifugation, then 2.4 L of the dissolution buffer containing 760 g of PEG 6,000
was gradually added thereto and the resultant mixture was warmed to 32 °C. 420 ml of 4 M NaCl solution was
added for 20 minutes with stirring and the mixture was stirred at 32 °C for 60 minutes. Further stirring at 4 °C
for 20 hours produced the bi-pyramidal crystals of IMETase, which were collected by centrifugation and dissolved
in 6 L of the dissolution buffer. 125 g of IMETase was contained in 6.3 L of the obtained crystal-redissolution

butfer and the specific activity was 50 U / mg.

Example 7 : Purification of rMETase with column chromatography after crystallization — (2)

The crystal-redissolution solution obtained in Example 6 was subjected to DEAE-Sepharose FF (Amersham
Pharmacia Biotech.) column chromatography which had been equilibrated with 20 mM Na-PB (pH 7.2). The
column was washed with 20 mM Na-PB (pH 7.2) containing 0.1 mM PLP and 0.01 % 2-ME. The eNZyme was
eluted with 20 mM Na-PB (pH 7.2) containing 120 mM NaCl, 0.1 mM PLP and 0.01 % 2-ME. Iis specific
activity was 52 U / mg. 15 L of the obtained active fraction was concentrated to 2.7 L by a membrane which
has a cutting size of 100 kDa (Millipore). The concentrated solution contained 101 g of tMETase. 900 ml of
the concentrated solution was silbjected to 18 L of Sephacryl S-200 HR (Amersham Pharmacia Biotech) column
chromatography equilibrated with 10 mM Na-PB (pH 7.2) containing 0.01 mM PLP. This operation was
performed three times. The obtained effective active fraction contained 80 g of tMETase of which specific
activity was 52 U / mg.

The specific activity and yield of rMETase after each operation in Examples 5 to 7 were shown in Table 3.

13
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Table 3

Example 5

Example 6

Example 7

CA

02284111 1999-09-10

Kurimover [ Treatment

Purification Step
yield(%)
SLlperI?atant.atter cell 54 100
- disruptionn S
Crude enzyme solution 25 99
Unpuritied .rMETase 10 29
- ____solution N
rMETase prismatic crystals 52 80
rMETase bi-pyramidal 59 7
crystals
DEAE-Sepharose FF 52 64
- —_—
Concentrated solution 52 62
I E——
Sephacryl S-200 HR 52 50

Sp. act: Specific Activity

SEQUENCE LISTING
SEQ ID NO: 1

Length: 30 nucleic acids
Type: nucleic acid
Strandedness: single
Topology: liner

Kind: DNA (sense primer)

Sequence:

CCCGGTACCA CGGCTCCAAC AAGCTCCCAG

SEQ ID NO: 2

Length: 27 nucleic acids

Type: nucleic acid

14
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Strandedness: single
Topology: liner

Kind: DNA (anti-sense primer)
Sequence:

CTCGAGACGG GTTCAGGCAC TCGCCTT

Industrial Applicability

A method for producing L-methionine 7 -lyase crystals of the present invention can purify L-methionine 7 -

lyase to the same or higher level than that obtained by column chromatography. The purification method using

crystallization provides the pure objective compound economically and on a large scale as compared to

chromatography. Therefore, the method for producing the crystals of the present invention is useful as an

industrial purification of L-methionine 7 -lyase.

15
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CLAIMS

1. A process for producing L-methionine 7 -lyase crystals which is characterized by comprising the tirst
step of warming a solution containing L-methionine 7 -lyase before or after addition of polyethylene glycol
thereto and the second step of adding an inorganic salit.

2. The process as claimed in claim 1, wherein the temperature before warming is from about 2 °C to about
15 °C and the temperature after warming is from about 25 °C to about 40 °C.

3. The process as claimed in claim 1, wherein said inorganic salt is sodium chloride or potassium chloride.

4. The process as claimed in claim 1, wherein the final concentration of the iﬂorganic salt is from about 20
mM to about 500 mM.

5. The process as claimed in claim 1, wherein said polyethylene glycol has an average molecular weight ot
not less than about 7,200.

6. The process as claimed in claim 1, wherein the final concentration of polyethylene glycol is from about
5% (W /V)toabout 25 % (W / V).

7. The process as claimed in claim 1, wherein said warming is performed before said addition of
polyethylene glycol.

8. The process as claimed in claim 1, wherei.n the warming is performed after said addition ot polyethylene
glycol.

9. The process as claimed in claim 1, wherein said addition of polyethylene glycol is performed before and
after said warming.

10. The process as claimed in claim 1, 8 or 9, which further comprises a step of eliminating 1mpurities after
said addition of polyethylene glycol and before said warming thereof.

11. The process as claimed in claim 10, wherein said elimination is performed by adding polyethylene
glycol 1n the presence of ammonum sulfate.

12. The process as claimed in claim 1, wherein the concentration of L-methionine 7Y -lyase in the L-

methionine 7 -lyase-containing solution is from about 4 g/ L to about 30 g/ L.
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13. The process as claimed in claim 1, wherein said L-methionine 7 -lyase-containing solution is treated
with a cationic high molecular coagulant.

14. The process as claimed in claim 13, wherein said cationic high molecular coagulant 1is
polyethyleneimine.

15. The process as claimed in claim 13, wherein the main component of the cationic high molecular
coagulant 1s chitosan.

16. The process as claimed in claim 13, wherein said cationic high molecular coagulant 1s Kurimover I.

17. The process as claimed in claim 1, wherein a series of the steps of redissolution of L-methionine 7 -
lyase, warming the solution before or after the addition of polyethylene glycol and adding an immorganic salt are
repeated one or more times.

18. A purification method of L-methionine 7 -lyase which comprises the process as claimed 1n any one of
claiams 1 to 17.

19. The purification method as claimed in claim 18, wherein column chromatography is performed after the
process as claimed in any one of claims 1 to 17.

20. A producing method of L-methiomine 7 -lyase which comprises the purification method as claimed 1n
claim 18 or 19.

21. A crystal of recombinant L-methionine | Y -lyase which is produced by the process as claimed in any
one of claims 1 to 17.

22. L-methionine 7 -lyase expression plasmid pMGLTrc03 which is shown in Figure 3.

23. The plasmid as claimed in claim 22, of which host 1s Escherichia coli.

24. A producing method of recombinant L-methionine 7 -lyase-containing solution, which comprises the
steps of
introducing said L-methionine 7 -lyase expression plasmid as claimed 1n claim 22 into a host;
culturing the host; and
disrupting the host.

25. The method as claimed in claim 24, wherein the temperature of cell disruption is from about 20 °C to

17
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about 55 °C.
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Figure 3-1
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Figure 3-2
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Figure 3-3
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