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2066266 This invention relates to a enzymatically obtained oligomer of
L-anmi-no acid, a process for its preparation and its uses. Mre pargiqﬁﬁzg
the irnvention relates to an 5 enzymati cal |y obtained oligomer o av
aci d containing residues of L-nethionighe and consisting essentially of

ol igoners having a chain length of from5 to 10 residues with an average
l'engt h of 8. The invention also relates - to a process for the preparation of*
this oligonmer and to 10 its use _either as an L-nethionine substitute in
the fortificati dirdd ivvengiens redadesnte m cpREYmatd caldau@biained
preparation _of L-nmethionine fromDL-nmethionine. Certain food ingredients:
whi ch are Rdd&omey ¢bok-aRing gedd.c htRFAEAGSakPRo b Rreraratiensoya
proteins, 15 |eaf proteins and.mcrobial proteins, may bé or have to be
fortified @ et HB®Pme, particularly for dietetic or infantile

appl i cations. DL-nethionine, which is produced by chem cal synthesis on a
scal e of 100, 00Mar¢ecpaydiculiaglyniigeinvention redptes teaB| e and

poul try because it cannot be reliably used in foods for hupan consunption.
So faP as lanmymatieadlyr ebdedned ligemer ofelimagHing aeiderpntadndng  ed
for use at ‘the present tinme. L- nethionine is produced from DL-nethi-onine
o a scal e Xgsiqees 29t Lsmethinuine papdyegnsgptdng 3sentiadist pdn of the

two enantioners. Because of this, L-nethionine is approximately 10 tines
ngre expens9tdZomarsphaydng ¢hi¢hain length of from g)to 10 residues

with an average length of 8. The invention also relates
to a pfocess for the preparation of this oligomer and to

10 its use either as an L-methionine substitute in the
fortification of food diets or.as an intermediate product
in the pfeparation 0f L-methionine from DL-methionine.

Certain food ingredients which are naturally poor
in sulphur4containing amind acids, such as soya proteins,

15  leaf proteiné and microbial proteins, msy be or have to be
fortified with methiohine, particﬁlarly for dietetié or
infantile applications.

DL-methionine, which is produced by chemical synthesis
on a scale of 100,000 t per year, is consumed above all by

20 cattle and poultry because it cannot be reliably used in
foods for human consumption.

So far as human beings are concerned,'only L-methionine -
is being cdnsidered for use at the present time. L~
methionine is produced from DL—methionine'on a scale of from

25 50 to 100 t per yéar ;‘oy:enzymatic sep_aratiOn-o:E the two
enantiomers. Because of this, L-methionine is approximatelf

10 times more expensive_ﬁhan DL-methionine.



- _Grigomers of methionine, principally the diner, have been chemnically
synt hesi sed: - by the reaction of N protectefd nethionine, such as N
.carbobenzoxy methionine, with the ethyl ester of méthionine 5 - in the

pypesence of a coupling agent, such gs_cycl ohexyl carbodiinide, and-‘cleavage
e protective group; - fron1N—cérboxy anhydride or Leuch's anhydrides
he presence of free amno acid, in aqueous nedium in the absence of
heat and at a pHvalue of 10 (Hirschnann nethod) 10 These net hods
-are‘eXpensive nd _use unsg abl roducts or, c actgnts of mhlch t he
purity has toPbd® ﬁ&ﬁﬁﬁn%imﬁefaggﬂapfwoﬁ ﬁﬂﬁ%ﬁéiﬂgtﬁESnﬁﬁgfﬁﬁ have
nDIeCuIaé ¥$ gﬁ hav een_ obtai ned fron1N—carboxy anhydrldes by 15
pol.ymer i atfoR™ PR & F o hRAPARed *However, this fethod al so invol ves the
use of Leuch s an dri des which are dlffICU|t to handl e. Accordingly, these
et hods Nal¥ fbferaRcdni QR i | N-PKE ﬁﬁéﬁﬂeﬂ??ﬁ#%ﬁlﬂéod&&ﬁhtﬂ%é%‘
« account of thelr hlgh 20 cost and the guarantee of purit .red in the
| nt er est $85POPEHFOFIGiRMER19R1NG 1 MEridy ot e%ﬁ?ﬂ-oeéf?@rre@l%t oBdn&nt age
- gie woul d be in having either a safe substitute for L- nethlonlne
| 2asi ndR Fhenmeﬁmt%nac&ﬁmhmﬁs agent , oPULhmashiwim HeheX¥l| abl e at
a fairly nDderate price. The_present invention neets precisely these two
obj ect i vE8T °ﬂ?ﬁﬂ%ﬁﬁde§n9n°5Pﬁ&§&9 ot tbenPretasitdve group;

- from N~carboxy anhydride or Leuchfs anhydrldes in the

presence.bf free amipp ééid, in aquéous medium, in the-

absence of heaf and at a pH-value of 10 (Hirschmann mefhod).
10 _ These methods are expens1ve and use unstable products
or coupllng reactants of which the purlty has to he
guaranteed.

In addition; poly-L-methionines of high‘molecular
weight have. been obtained_irom N;carboxy anhydrides by
15 pelymerisation in anhydrous medium.. However, this mefhod
also involves the use of Leuch's anhjdrides which are
difficult to -handle.

Acdordingly, these methods héje_never been used in the
' preparétion of food additives on account of their high
20 cost and the guarantee 6f purity reduired in the interests

of food hygiene.

It is therefore easy to appreciate the advantage

there would be in having either a safe substitute for

%

L-methionine, releasing it under ingestion conditions,

25 or L-methionine available at a fairly moderate price.
The present invention meets pre?isely these two
objectives. It provides an oligomeriof L-amino acid

|
y
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B




contalnlng residues of L-pethionine consisting essentially of oligomers  T
having a chain Iength of from5 t'o 10-'residues with an average | ength of

8 "
and having an L- methi oni ne’ content_gn?ugtlng to from60 to 90% by wei ght. qu
In one 5 ° enbodinent, the oligonmer I's a hono-oligoner consisting of :

r.esi dues of L-methionine. An oligomer ‘such as this is insoluble in water
apd aqueous buffers and soluble in dinethyl sul phoxide (DMSO); its total = °
nitrogen content_ apounts to fron1 5 to 10 5% and its, ‘Pe0|f|c rotatlap 10
[err] |ies QRAtRERIDG 2 TEFdduES thipgine, CORS I 104 pPapRLIAL LY

ﬁ?;ﬂiféiﬁ%td eﬁt{ﬁ??%ﬁt vfi#{%t iﬁgﬁlieagaixh?rf 4 5 iy L wee ”ed%’% L
bi ol ogi cal WHERGEE FHOTHES, et heBoproaving AN drostatonite i o
aci ds. tAEOS?(?é’B%E? PR 46 LR ) g0y QWLhQ}'Snﬁ?%féﬁ*faqu %‘u?#ﬁ&. Zm "
Pepar ¢ acfips fieﬁﬁm&%&c@%s\%ﬁ%"rﬂgs}iﬂ R ndt Rapsie sV
hgestiole 1 Sﬁgéi’%ﬁe‘?ﬂ%ﬁf‘%é i @S‘ﬁé LG RN 3@1%?%()@“';
20, (o0 B8 T 300 BRRSD B Al GRS 0 OV

dimethyl sulphoxide (DMSO); its total nitrogen content

amounts to from 9.5 to 10. 5% and its specific rotation

10 [a]%S lies between -12 and -14° (DMSO)

~

The expression "insoluble in water" is understood to
mean tﬁat, in vitro, the oligo-L-methionine does not dissolve
significantly in water, This does not in any way‘pre-judge
(rather .on thé contrary) its solubility in vivo in aqueous

15 media and biological fluids. |

In one variant, the oligomer is a hetero-oligomer,
i.e. in addition to the methionine residues, it contains
residues of othér amino acids. An oligomer such as this
is soluble for éxample in aquéous media_providing residues

20 of polar amino acids, such as glutamic acid or aspartic .()
acid, are introduced therein.

Alternatively, it may be more digestible with respéet
to pancreatic enzymes than the homo-oligomer of L-methionine,
:or example through the introduction of résidues of aromatic

25 amino acids, such as tryptophan , phenylalanine.or tyrosine,

through the creation_of additional cleavage sites for the

paﬁbreatic proteases, which facilitates enzymatic hydrolysis.



pancreatic proteases, which facilitates enzymatic hydrol ysis. -5- In
addi tion, the oligomer rel eases the L-nethioniine under acid pH-conditions
"gucf\as are encountered in the stomach for exanple. 1t will .therefore be
dgci ated that, through the oligo-L-nethionine, it is possible to obtain
L- met hi oni ne from DL- net hi onime5 as described hereinafter in the

| osure of the invention. The process as a whol e, although i-nvol ving o

enzymatic .intervention, is better suited to the preparation of L- met hi oni ne ™.
than the enzynatic resolution process nentioned above. 10 . The
present inventiBnagdddiomoyithe @lpgemess redregsrs ptheabatiedhionie
L-am no acid oligomer, which conprises reacting an ester of methionine and,
opt i onal I4Rd&F afddo PHnsondsk Hions neughagisiang téncounterred dimeddre i n an
aqueous nedi um having a pHvalue_of from5 to 7 15 at a tenperature where
the t hi olStABReRsEOrs examRAtind Thevdllatharatorebagappreciatetithat,
~oligomer formed fromthe reaction nmedium It is pointed out that the
starting YRYORGR tBenl igohrmethioning,odithd 9 rpeesiblei do mhtaint he
| atter caggh %0, the reaction-medi um contains unreacted D-nethionine in
t he X or misTR¢tRignine  Ixam Nlrpehbipnipe ,n@ s dpseribede henpigtast tart y the
met hyl or, ethyl ester, is a sjnple, unconplicated prelimnary step. The _
operatim%?r£%?v§asﬁ&?q&§%x3#Fgﬁeobpvﬁéﬁ}°n': The process as a whole,
' although involving enzymatic intervention, is better suited *
to the preparétion 0f L-methionine than the enzymatic
resolution process mentioned above.
10 . The present invention also provides a process for
thg preparation of the L-amino acid oligomef; which
comprises reacting an ester of methionine and, optionally,
of one or more other amino acids with a thiol-protease in
an aqueous medium having a pH~vaiue of from 5 to 7
;5' at a temperature where the thioléprotease is active;and there- -
after isolating the L~amino acid oligomer formed. |
from the reaction medium. |
- It is pointed out that the starting methionine‘may be
_either L-methionine or DL-methionine. In the laﬁtef case,
20 the reaction'medium contains unreacted D-methionine in the
form of its ester. - | o -
Preparation of the methionine ester, preferably the @
methyl or ethy; ester, is a simple, uncomplicated preliminary B
step. The operation involved may be carried out very
25 ' ' |

easily by reacting'méthionine with the corresponding alcohol
in the presence of thionyl chloridé:(SOCI2).

In the case of a hetero-dligomer, it is sufficient to



presence of thionyl chloride (SOC2). tn the case of a hetero-oligoner, it
is sufficient to - -6- add the rquired gquatity of amno acid(s) in the
formof its/their ester(s), preferalty-the nethyl 'or -ethyl ester(s), -
prepared as described above to the reaction mxture consisting of the
n@phionine ester and the thiol-protease. 5 1t is possible to use for
exanpl e the ethgl esters of DL or, L-tryptophan ,,of§£}-1yrosine, [err],.
[err]-di et RAd GHhR sFaEWi rofeaat iy HF remaBPdard dlsdd 4B therform RE an
L-residue will be obtained asg indicated above for nethionine. The
-thfol-protééﬁJYB%ﬁri§SEP€ﬁéramBF%ﬁﬁ%ﬁh}YfFBFnPeﬂﬁyluﬂrtﬁt%¥iiﬁsﬁﬁFéﬁxwéi
i nexpensi ve and abundant. enzynes. In their case, the reaction is carried
out at -a t RFRRIFehedSndereTidifft FPQYR [ EPr theo eRGYiOMmMEXERERADI y at a
tenperature of the order -of [erpé._* ) The aqueous reaction

medi um used9RSLBE1REG o - Sihg Beukionjpecpster, angtheskhiehzPEateasfe
shoul d be npnitored tqQ ensure that it remains within the limts indicated
above,d prefkk abfyPEEFdRAM tRNIPL Rz §HADPL & R | SHIB} 0§PESTESs O Tan

alkal ine agent, such as 2N sodi um hydroxi de for exanple, wll be added. .
Anot her posebbPFi by SEyPtORRAN 5 LR BL-3FTosddiqn iBn bsdipdhydu&ditamatem
for exanple _a buffer _solution of .spdiumsalts of carboxxlic agjds, Na
cotrate, NaWREZEi RaPd-AUHRP Retdidis used to stari with, an L-residue

will be obtained as indicated above for methionine.

25 easily by reacting methionine with the corresponding al cohol in the . (::>

The thiol-protease used is.pr;ferably papain, ficin{
10 or bromelin which are inexpensive and abundant enzymes.
In their case, the reac%ion is carried out at a temperature
in the range from 30°C to 50°C and preferably at a temperature
of the order of 37°C. | |
| The aqueous reaction medium used may be quite simply
15, water. In that case, the.pH-Value should be monitored
“ to ensure that it remains within the limits indicated above,
preferably constant. As fhe enzymatic re;ction progresées,
an alkéiine agent, such as 2N sodium hydroxide for example,
will be added. Another possibility is to use a buffef
-_20 solution #s the aQueousfmedium, for example a buffer solution
e - 0f sodium salts of:carbb;ylic acids, Na citrate,.Na succinate
or Na acetéieﬂ |
The.ﬁu-value of the aqueous~medium.is the determining
» factor for the enzymatic reaction and should be strictly
25  kept from pif 5 to 7. -Advaﬁtageouslf, this pH~-value
is.selected at around 6.5 where the reaction is carried ouf'-'

in water and at around 5.5 where the reaction is carried

—peer ———— ~————— - : - -
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‘The: pH-val ue of the aqueous nediumis the determning factor for the
enzymatic reaction and should be strictly 25. kept frompH 5 to 7. .
Advant ageously, this pHvalue is selected at around 6.5-where t'’he reaction
arried out in water and at around 5.5 where the reaction is carried

O

9

in a buffer. On conpletion of Thé €nzymatic reaction by which the :
fgonmer is formed, the originally clear reaction solution has changed to au

+'ky suspension. The enzyne is then 5 advant ageousl y deactivated, for

exanple by . brief heating to [err], after which the solid phase formng the

requiredP%Fibﬁnﬁrgpgﬁgaghrated fromthe liquid phase. In addition to -

i npurities ang s i | PRePEAGYHIatid NPed€8Ebh0ByTRAEA COE ai NS in

sol ution unreggt§§9@€Sﬁ¥#%?2€$d9?ﬁ_t&é 10 ]?forn1of its ester (nethyl or

et hyl e.séfi% iﬂ’@ﬁrist'%ﬁﬂé’d} | e aBiri@ M 1Ay SoidakhPeRle tidhNsout {PAOVE

the purity ? the ol igomers, the solid phase is washed liberally wth

water. gparghh@ged tdlt% REEERY Qf&}é?%éiﬂfﬂl | atgd Brizy@el rid Unéw. 15

Purification may also be carried out by dialysis or by ultrafiltration

after t hgavohitd gRldrisl Yy ate HECIvaSedyS IV cskamip 1ot BY. birtidfSs HeLfBhgedot O

apply diafiltration, i.e. ultrafiltration with dilution of the retentate.

In that ggse, difftély Gihiel PReCabli®d pHdseondrniiagsthekaswréde 20

| evel constant or even in batches by ultrafiltration w thout dilution,

f ol | owedo Y gbfreddjidsid@parstetin€rom Giwl1ligued phase. In addition to ~ *

impurities and_secondary reaction produéts, the.reaction
medium contains in solution unreacted D-amino acid in the
10 form of its ester (methyl or ethyl ester) where the starting
amino acid is in the DL form. | '
To improve the purity of the oligomers, the solid
’ phasé is washed liberally with water. Separation of the
phases may be faciliated by centrifuging.
15 Purification may also be carried out by dialySis or by
- ultrafiltration after the solid phase has been re-suspended
in_watér. it is preferred to apply diafiltration;'i.e.
ultrafiltration with dilution of the feténtate. In that
case, dilution may be carried out continuously keeping the
20 level constant or even in batches by'ultrafiltration without
dilutién, followed by re-adjustment to the original level | »
before the next ultrafiltration step.
- This procedure gives the L-amino acid oligomer of which
. the characteristics are mentioned above and of-which the
25 éharacteriSation means will be indicated in the Examples.,
In the presence of pepsin in acid medium, the oligomer

accbrding to hhe invention is hydrolysed, giving for the



beforé the next ultrafiltration §tep.LThis procedure gives the L-anino acid

ol i.gomer of which the characteristics are nentioned above and of which the ,:'
25 characterisati-on .means will be jndicated in the Exanples.. In the . )

presence of pepsin in acid medium” the oligomer according to the invention.
I's hydrolysed, giving for the - nobst part L-nethionine acconpani ed by P
i zL-nmethionine and tri-L-nethionine. It is pointed out that, in the case

[ ot i onBRS Rt b ol Bl ek PR R S8 vV HaSh Ak BLRGN ch ar o
gloiogr;oi- E% &nﬁlﬂ':r"lé@gﬁigg}gg‘%:mﬁ%tﬂégﬂpg i \%Iu'%tﬁ"ta;ﬁ'gl*’bl bhe degree of.
ol Lowed 48 & hyhr BppareTiackamy rote (ol T88-CopRIL 08 SARE BATEPEHari
bmbodi nontCs. AIRCHBBobs LB Rp1Re (RECPREoRE GE Lonhl BLRpbLbd oft o
romel 1o o asaeikaS0uien B¢ harind BBYSE e nghout the reacti on
3200, 2 A S LA L oo
oI AN S BT REE T M T T R A
" racemisation. Preparation of the oligo-L-methionine from
DL-héthipnine follawed by its hyﬁrolysis in acid medium,

10 thus represents an elegant way of preparing L-methionine from
"its racemic compound.

_In a.first embodiment df the process according to the

invention, a_hydrochloride of a methionine ester is dissolved

-

-

in water in a concentration of pre;erahly'from 1l to 2 M.
15 The pH is kept constant atl6.5 throughout the reaction by
adding 2N NaOH. Where the methionine used is DL-methionine,-1
its concentration is of coufse two times higher than where -
the starting methionine is L-methionine. |
.The enzyme, mainly papain, bomeliﬁ 6r ficin, is added
20  in'a quantity of 2% by weight, preferably in two additions -
of 1% each. Oh completion of the reaction, i.e. after
about 6 hours, a milky suspension has formed and is hrieily'
heatel to 90°C te deagtivate'the enzyme which it contains.
The two phasés (solid and liquid) are separated, éfter ﬁhich
.25 ° éhe solid phase -'representing the oligo-L-methionine L is
~washed by diafiltration.

In a second embodiment, the reaction is carried out at




- of 1% each. On conpletion of the reaction, i.e. after about 6 hours, a
m | ky suspension has fornmed and is briefly heatel to 900C to deactivate the
enzyne which it contains. The two phases (solid and |iquid) are separated,
after which 25 the solid phase_ gepresenting the oligo-L-nmethionine - is
shed by diafiltration. In a second- enbodi nent, the reaction is carried
at a pHvalue around 5.5. in a‘buffer of sodiumcitrate, succinate s
~8l/acetate. The sane experinental procedure as descri bed above may be
applied &N gHlRPASE LkofnlC550 A 4P L PUrloTS Uokifith Sed trhie, var| ous
hydr ochl ori"des of the aﬁ?nogag?dsx?n gquestion in the proport%oné sel ected
in water gyrdiaid 't abatatelhe following Exanples ildustrate the
s el
I nvention andngzscr?ﬁe t he nmethods used to characterise the oligo-L-

 Tepresont val (S yERE BRPCTLagtar PIOCOUARD B, dhor RLR°ERETs apY o
" sol ut i on ™8 GLEAA, P kRR%IcRe dFRY Aoyl 1ieabt My Bbpoliis,

forged i gdepm A §38! lé?ﬁ:io’éh Fladd SeaiaR! 'a&bixﬂi 891 Refulls thibdt M-

The“solution I's plfaced’in a pHstat so as to kéép the pH val e constant at

6.5 duri%Ltﬁﬁbpﬁf6£59@i@h§'E%fﬁ@%éhoﬁno§a%@fW¥§{the first stage.

The following Examples illustrate the invention and .

describe the methods used to characterise the oligo-L-
methionine. 1In these Examples, théjproportions and

10 pereéntages quoted represent valuesiby weight.

EXAMPLE 1

Hydrdchloride'of ethyl ester of L-methionine is
conventionally prepared by the action of SOCl2 on a solution
0f L-methionine in ethanol.

15 Tﬁé hydrochloride thus formed is then dissolved in water
in a quantity of 300 mg per ml (1.4 M). The solution is
placed in a pH-stat so as to keep the pH-value constant at 6.5
“during the reaction by the addition of 2N NaOH.

A 0.1 M aqueous solution of papain in L-cysteine is then

20 . added in a quantity of 1% by weight of enzyme. 1 hour
later, another 1% of the enzyme is added in the same way L
as before: |
| After a reaction time of 6 hours at 37°C at the pH
kept strictly constant at 6.5, the originally ¢lear reaction

25 medium has changed into a milky suspension. Thisl
suspension is then briefly heated to 90°C to deactivate the
enz&me,.followed by separation of tﬁe solid phase whiéh.is

|
i
3



K

‘A 0.1 M aqueous sol ution . of papain in L-cysteine is then 20 added in'é::

quantity of 1% by wei ght of enzynme. -1 hour later, another 1% of the enzyné

phase 't hus
re- suspend

"~ is added in the same way ds before. After a reaction time of 6 hours at . -

ggoc at the pH kept strictly constang sat, 6.5, the originally clear reaction .

~medi um has changed into a m|ky suspension. This suspension is t hen
briefly heated to [err] to deactivate the enzyne, foll owed by separation of
the solid phase which is 10- washed liberally with water. The solid

gggﬁﬁ@f}%ﬁ’.en%@ﬁ *’f%eﬁ'?wg? t he crude oligo-L-nethionine, is

S welg ‘wat er and then introduced into an

e- suspendB verght _ no
‘@i ik;Sg'ent or essutbemei i FRReRNERnY BAaabAVRgTWbAb, R R (ORE 2

one twe’nH t@%‘%’fd:?lf t‘{lra#é)':}r"ﬁﬁﬁﬁgéhgﬁéq ;15% L#ea%‘?%ﬁgbﬁg@i nﬁtﬂ ?ﬁﬁ \r/lho{ﬁggcfgst °

restored b
about 100

sto d d: t i o.dri - : _ |
'Leppg en?QQ; (iéﬁﬁfﬁégagri%h E@F cJﬁe&ﬁe%ﬁrﬁbﬂ%réﬂﬂfhﬂ&%fpiﬁﬁgtrogen-
ol i zo- L-net
state in a
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ng characteristic
is a Trade Mark). Ultrafiltration is continued until the

volume has been reduced to one twentieth of the initial

- volume, after which the initial volume is restored by the

addition of water and the process is repeated. When about
100 volumes of filtrates.have been recovered, ultrafiltration
is stopped and the retentate is dried'by freeze drying.

This retentate represents the purified'oligo-L-methionine."

Characterisation of the oligo-L-methionine

I, The infra-red (I.R.) spectrum in the solid state in a

concentration of 1% in KBr shows the following characteristic
bands:

3230 cm-l(s) N-H stretching characteristic of a § structure.

C=0 : terminal carboxyl groups

1710 cm™*(w)
1620 em”t(s) C=0 stretching: amide band I

1520 cm'l(s) ¢+ N=H deforﬁation: amide band II

700 cm-l(m) : vibration outside the plane: amide band V.
II., The nuclear magnetic resonance (N.M.R.) spectrum of the
proton of the cru@e pligo-L-methiQnine in dimethyl sulphoxide
(DMSO-dG) ét 80 MHz shows the following characteristic signalsﬁ"
8.2 ppm .+ multiplet (2): terminal amino group H,N-

4,4 ppm : multiplet (approx.1l0 x 2): methylene protons

-O-CH2-CH3



bands: 3230 [err](s) : N-H stretching characterlstlc of a [err] .
" structure.. 1710 [err] (w) :- C=0 : terninal carboxyl groups 20 1620 -
r](s) : C=0 stretching: anide band | 1520 [err](s) : N=H deformation
de band Il 700 [err] (m : vibration outside the plane: am de band V.,
The nucl ear nagnetic resonance™( MR ) spectrum of the proton of the

crude ol.i go-L-net hionine.in dinethyl sul phoxide 25 (DVMSO-d6) at 80 MHz
shows the follow ng characteristic signals: 8.2 ppm: multiplet  (2):

term nal g1no grou%ubg rdl4.4.ppn1 © multiplet (approx.10 x 2): nethyl ene
pr ot ons ?e r tlplet [%r%%i [errl ﬁnd [err] protons 1.8 ppm
: shouIer 2.0 ppm S|n Iet (appr & 4 H)PTeHRBSt her protons - S- CH
. 1.2 ppm rP Pet ( protons [err] III An elution profile on
- fine Sephadex. &5 resi ndrreth ul | hows that the
ol i go- L- ﬁgghP8ﬂune|%}9%§%R appr Bhngégp §gfth ﬁﬁ?ﬁ%ﬁééWQRﬁQQﬁpondlng -
-according to the alﬂ%:§$VO|unES and the working conditions - 10 to the
octaner (Sephadex is Jde Mark). IV. Oher characterisation data are

n bejo | nsol bl e | €r queous buf f - sgluble in
di nit hyli %,BR&Q ‘de #(Jﬂ\@jg (\%5 __xneq: ya.l protons - -CH éﬁ

III.

ENW 5

An elution profile on fine'Sephadex G25 resin in
~ dimethyl sulphoxide (DMSO) shows that the oligo-L-ﬁethionine o *
‘is relatively homogeneous,'the main peak corresponding -
according to the elﬁtiongvolumes and the working conditions =~
10 ~ to the ;ctame; (Sephadex is-a Trade Mark).
| IV, Other characterisaéion data are givén beiow:
- insoluble in-water and aéuebus bufférs,
- soluble in.dimethyl sulphoxide (DMSO),_

- total nltrogen content between 9.5 and .10.5%,

specific
15 rotation [a] 2= -12 to ~14° (DMSO), |
- circular dichgoism'g = 19229, two negatiVe bands at_230
and 195 nm,

- elemental analysis compared with the theoretical (calculated)

elemental analyses for the oligomers'containing from 6 to

20 10 methlonlne residues after cleavage of the ester group
by hydrolysis: % C = 45.22; % H=7.62; % N = 10, 58, which ¢
corresponds to an average number of r051duus of 8, ¢
—'methlonlnu content between 78 and 90%.
"; EXAMPLE 2
25

The procedure'described in'Examp;e-l is repeated using .

DL-methionine instead of L-methionine in twice the

concentration.



Lol

.~ total nitrogen eontent between 9.5 and 10.5% specific 15 rotation
[cc] 25= -12 to [err] (DVMBO), D -.circular dichroism[err] = [err], two
negati ve bands.at 230 and 195 nm " -el emental anal ysis conpared with the -

theoretical (calculated) elenental analyses for the oligomers containing

from6 to 20 10 net hi oni ne resi dueS after cleavage of the ester group
by hydrolysis: % C = 45.22; %H = 7.62; %N = 10.58, which corresponds. to
ar“average number of residues of 8, - nethionine content between 78 and

90% EXAWPLE 2 2 . Th recfesatihed 1ii. s Lepeated
usi ng DL- net hi on?%geirng &2 ?ﬁ{&nﬁﬁigﬁgng% %v%n'lrgfﬁmé&EOh neE

e concentrati on.

obtai ned, b cEERhPEE' T MbeElRed; 88, pHRE WY ffe Min A SR RER s

EXAVPLE 3 TRNE nd® NMEES cribed in Exanple 1 is repeated using
L-nethioniﬁ%?dbﬁ?em} thFEin |ﬂ%§§%ﬂfgf papai n as the enzyne. The

orlgo-L-nEtﬁkgﬁbﬂE_Sbtalned'ls.S|n1lar to that of Exanple 1. 10 EXANPLE 4

5 . . The procedure described in Example 1 is repeated-usingj'
L-methionine, but with ficin instead of pépain as the |
& enzyme.
| The oligo~L-methionine obtained is similar to that
of Example 1,
10 EXAMPLE 4
The methyl ester of methionine is prepared by the
action of 80012 on a solution of methionine in methanol,
and  isolated in the form of its hydrochloride.
The-procéduré described in Example 1 is then repeated
15 using this metﬂyl ester instead of the ethyl ester of that -
Example in corresponding proportions. |

An oligo-L-methionine similar to that of Example 1 is

thus obtained.

EXAMPLE 5

20 The procedure described in Example 1 is modified by
R using as the reaction medium an aqdeous buffer in the form
| of a 1 M solution of sodium citrate having a pH of 5.5.
o In this case, the pH remains constant throughout the reaction
so that no NaOH has to be added. For the rest, the procedure
25 is as described in Example 1. |

An oligo-L-methionine similar‘to that described in

Example 1 is thus obtained.



he nmethyl ester of methionine is prepared by the action of SOC12 on a
sol ution of methionine in nmethanol, and. isolated in the formof its"
hydrochl ori de. The procedure described in EXanple 1 is then repeated 15
iing this nethyl ester instead of the ethyl ester of that Exanple-in
oRx espondi ng proportions. An ol igotB-methionine sinilar to that of Exanple
t hus obtained. EXAMPLE 5 20 * The procedure described in Exanple,
modi fi ed by using as the reaction nediuman aqueous buffer in the forn
. a 1 Msolution of sodiumcitrate having a .pH of 5.5. In this case, the
pH rena@ﬂéﬂﬁhﬁsgant t hr oughout the reaction 'so that no NaCOH has to be
added. For the rest, the procedure 25 is as described in Exanple 1. An
ol i go- L- met hi Bse nproceduge deseribedsin Bxeupl e@nptarting widd obt ai ned
EXAMPLE 6 The procedure described in Exanple 2 starting with DL-nethionine
is repediiecmetthhgnine Missfipeatedt usdnguef dr Misqiivmsaps tadeo ke wit h
t he precedi ng Exanple. Once 5 again, the concentration of the
DL- net hiohi p 5s5t Winc acaandance hwithnidhe aregeding: Exgpplean Once
olhgo-L-nethionine simlar to that described jn the preceding ExaqPIes IS
th

obtagain, thavoomcentration of the DL-methionine is twice that
. . L)
of the L-methionine on its own. '
An oligo~L-methionine similar to that described in the - ®

precedihg Examples is thus obtained.
EXAMPLE 7
10 | Theﬁoligo-L-methionine described in the preceding
Examples is subjected to enzymatic digestion with pepsin
from pigé in a quantity 01 2% by weight. To this end,
the oligo-L-methionine is suspended for 24 hours in a
quantity of -2% by weight, at pH 2 and at a temperature of
15  37°C. Over this period, 85% of the oligo-L-methionine
is converted into soluble products; ‘These soluble products
consist essentially of free L-methionine (accompanied by
traces of the ethyl ester of L-methionine) and of di-L-
methionine and tri-L-methionine.
20 EXAMPLE 8
1l g of the oligo-L-methionine déscribed~in Examples 1 to é
6 is subjected to acid-hydrolysis'under nitrogen in |
approximately 500 ml of 6N hydrochloric-acid for about 20

hours at 105 to 110°C.  The acid is then eliminated by

| 25 qistillation under reduced pressure'éﬁd the hydrolysate is
taken up in water. The chromatograpﬁically (thin-layer)
and electrophoretically pure L-methi%pine is identified
therein along with approximately 1 t& 2.5% of D-methionine.

!



by weight. To this end,- the oligo-L-nethionine is suspended for 24 hours i

a quantity of 2% by weight, at pH 2 and at a tenperature of 15 37C. Overy
this period, 85%of the oligo-L-nmethionine is converted into soluble o
products. These sol ubl e products consist essentially of free L-nethionine
(acconpani ed by traces of the ethyl ester of14-nmethionine) and of di-L-

met hi onine and tri-L-nethionine. 20 -EXAMPLE 8 1 g of the

ol i go- L- net hi oni ne described in Exanplles 1 to 6 is subjected to acid

hydr ol ysi s under nitrogen in approximately 500 m of 6N hydrochloric acid

for about 20 houTheatsnk(d tqudrer iy dheDaee thionthenpelkiseintatey be 25
distillation under reduced pressure and the hydrolysate is taken up in

wat er. The chr onmttdgridphiakald yt ¢ t ther- pageehcand fekestidopobPemedd ilon ine e
L-methionine is identified therein along with approximately 1 to 2. 5% of

D- et hi oni ne. in the dlhigeneat |oqubet F egewi s Bt ienhicorised prye shremimnyl be
attributable to the presence of residual D-nethionine in the oligonmer or to
rgceni sati on cauded iol yiend calThéytisel 9ted. anderessolyatted ldsed amiym d¢ided
amno acid 5. - has a specific rotation [errps. of +22 to [errJ (6N HC1) .

By conpar Pson comwsr @ aipembd igizatatieni {@] o7 of +22 to +23 :

A _

10 . The oligo-L-nethionine described in the preceding Exanples is iy _
subj ected to enzymatic digestion with pepsin frompigs in a quantity of- 2‘V_

(6N HCl). By comparison conmercial analytical quality

L-mefhioniqe has a rotation [« ] E2)5 of + 23.7° + 0.5°.

10

ﬂ)



H:L-nethionine has a rotation [err] of + .23.7 + [err}—b-%6 CLAIMS 1.
An enzymatically obtained oligonmer of L-am no acid, esi dues of
L- met hi oni ne, consisting essentially of oligoners h g Da@'ﬂﬁ " ugt h of

om .5 5 to 10 residues with an average Iength
t-hi'oni ne content amounting to from 60 to 90% by melght . An .
| goner as clainmed in Caiml, containing f 78 to 90% by melght of el
et hi oni ne, which i.s insol- 10 uble in er and aqueous buffers and

iéoluble in di gy hyfmssul phoxi de (DMSO), having a total nitrogen content
pOuNting to frogﬁgﬁg to 10.5% by wei ght and having a specific rotation

err] of from 412 to '14/(rP|\@Q hcrlly ob? aQhleIOR"s i ad . 6%%3' m

1, which 15 contai ns reS|dues 0 ar“amno acids or aromatic am ho

acids. 4. ac it Ud POAES pé@taegs'ef%ah@f%uovawee' nddis PP| gg ani no

acids are glutomc ‘aci d or aspartic acid, a t he aromati’c am no acids are

10 cotan Phae e 26 o el SShEG10D o o AL ND
descr'bedS“”thSpWU”KU“ﬁgsf&ﬁ@iQﬂ??htenaBVeQngxqgmb$%Ioﬁ‘%‘%nd having
. " an L-methionine content mn;qnting to from 40 to 90% by
weight. | |
2, - o An oligbner as claimed in Claim 1, containing
from 78 fb-?O% by weight of L—&efhidnine, which is insol-
100 wuble in water ana aqueous buffers and soluble in dimethyl
sulphoxide (DMSO), having a total nitrogen content
amounting to from 9.5 to 10.5% by weight ond having a
specific rotaflon [«] 25 of from —12 to ;14° (DMSO);
3. An oligomer as claimed in Claim 1,'wﬁicﬁ
15 hontoins residues of'éolar amino acids or aromatic amino
acids.
4. _ An oligoner as claimed in Claim 3, wherein the
polar omino acids are glufomic acid or aspartic acid, and
the drbmofic amino acids are tryptophan, phenyl alanine
20 or tyrosine.
5. = ~ An enzymatically obtained oligomer of L-omiﬁo e
acid as. claimed in claim 1 subsfcnfially as described
with particular reference to any of Examples 1 to 6.
6. ' A -process for preparing an oligomer of L-amino

25 acid as claimed- in any of €laims 1 to 5, which

comprises reacting



6. '~ =+ A-process for preparlng an ollgoner of L-am no 25 acid as

claimed in any of Cains 1 to 5, "whi ch conprises reacting an ester of
.nethlOmanaesmbropﬁ|mmﬁﬂaonnﬁeoaadgrdprnnahéy,amﬂunmelds moixteh cather
t hi ol - protease in an aqueous nmedi um -having a pHvalue in the range from
to 7 at amimepgcadsr,e wihtdi eat bhivli-protedeaseén amaEqueousnnediameaft er
I solating 5 the L-amino acid oligonmer formed fromthe reaction nmedium 7.
APr ocedfaving! al pEEkvialus aim Ghewrenier fhemt §i Ao Prat eastempedespureat ed

bef ore |solat|on of the L-am no acid oligoner. 10 8. A process as .

clai med wme£éattme6 tiol-photense Has ned biveinars dhemsaf verndswlating

DL nmet hi oni ne. 9. - A process as clained in any of Clains 6 to 8, wherein-
the gg% LAl a&éﬁé%lh%’oﬁf& %é%xﬁeaCf%hd,tHe tfeattnbanmedium.

EL ?rypt S or tyr03|ne A process as clainmed in any of :

Clains 6 to 9, wherein the ester of met hi oni ne and the other am no aci d(s)

s 20 the nethyl or ethyl ester. 11. A process as clained in any of

‘dains 6710 10, aipFeéosshast il i@t £aseliadmaPAi whekednn tife btlopeli-n and
t he aqueous reaction mediumis kept at a pH of from5 25 to 7 by neans of

a pH st aprokeas e i)yfaeaeaqwtﬂecm ¥é£reodisolaH dn 0b father Lxamigeaci d.
ﬁ?. process as clainmed in any. of Cains 6 to 11,

acid oligomer.
¢ -
' 10 o

8. A process as claimed in Claim 6 or 7, wherein the

methionine is L-methionine or DL-methionine.

9. A process as claimed in any of Claims 6 to 8, wherein
15 - the other amino acid(s) is/are_glutamic acid, L-tryptophane;f

eDL-tryptophane or-DL-tyrosine,

10. A process as claimed in any of Claims 6 to 9, wherein
the ester of methionine and the other amino acid(s) is

20 the methyl or ethyl ester.

11, A procesé as claimed in any of Claims 6 to 10,
wherein the thiol-protease is papain, ficin or bromelin
. and the aqueous reaction medium is kept at a pH of from 5
. 25 ,to 7 by means of a pﬂ¥stat er is'a buffer solution of a
X sodium salt of a carboxylic acid.
12, A process as claimed in any of Claims 6 to 11,
wherein the L-amino acid ollgomer is 1501ate?_Ej;EEEEEEL_—~————

(AN T A m



* Wwherein the L-amino acid oligoner is isolated by ultra- 17 filtration
with dilution of the retentate during the . ulfra '-fim—emmwi\l% :
‘A process for preparing an oligonmer of L-amino acid imed in claime6
£ t'ant ially as described with 5  -particul ar ref EMHMHHH{ '
B4iples 1 to 6. 14. An ol i gonmer of L-anino *aci ! ”"Iby a
pretess as clainmed in'any of Clains 6 to 12. 15. A food pobr % n e
met hi oni ne havi ng added -t hereto an ol i goner L-amno acid as-clained in
an.y of 10 Clains 1 to 5 or ‘14 to enhance /i ¥s nutritive val ue. 16. A

process for the production of L-methionine which conprises hydrolysing in
acid nmedium an oligomer of L-amno acid as clainmed in any of Clains 1 to 5

or 14 and prepar,eqd. fr.om DL-nethionine. 1 17. L- yet.hi oni,ne when
prepared- by a Sr‘ggé 10 é’Y'atirIﬁe‘g‘ f'# B4 ‘r’ngl%heTﬁng&tafgf ‘_"{T"ﬁe' "§p2tch|‘?j cation

has been reprod d, :ky: - phot.ocopyi ng applicants original typeacript. It
. may contain a Pg&v%é’nlgﬁc}%ern({fslwqié:ﬂg%%ggdi fficult to read. The original

o . o . : _ o . ¢
%gegg{ Ieﬁ: Co??it]?lén'ng t €% ABNENE St "BY e PG i AFPER! 8T iYdnldte d¥ &MU Gfifn &

acid as claimed jn clain»é.SUbstunfially as described wifh B
o i
5 particular reference to any of Examples 1 to 6.
14. ~ An oligomer of L-amino acid when prepared by a

process as clﬁinmd in'anj;of Claims 6 to 12.
15. . . A -food poor in methionine having added-fherefo'
an oligomer of L-amino acid as claimed in any of

10 Claims 1 to' 5 or 14 to enhance its nutritive value.
16. A process for the production of L-methiohine
which comprisés hydiolysing in acid medium an oligomer of
L-aﬁino ﬁcid “as claimed in any of Claims 1 to 5 or 14
and prépared,frmﬂ DL-methionine. |

15 17. - L-methionine whgn,ﬁrepared'by a process as

. ¢laimed in Claim 16.

The text of the specification has been re - i .

- C en. reproduced by photoco the 11 5 i
:ypescrrip:. It may contain a few amendments which are difﬁgyu;:e to rea:f ? caT::; :gginalm
ypescript containing these amegdnents mey be inspected on the premises of the Patent Qffice
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