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pt ‘?‘,-Sen..t knownedahdboky/sozyme, whi ch hag.Jagetsknown European Si NCE 188ide edidiiten
be use vari ( sypadeno| ogi cal 5 afiehtdmtol ogi cal Pdteneatfinent s. désbrhat
been ved, saessbhts | ySozyme has various therapeutic properties, .
such t i \AAKeBp239a4465 bact eri al , ant i SeEPPEKRRE ory Orectoratgfgneaitt | RYSTCARTAPIE 2
-efHeets—the ' '

the 100 hydrolysis of the beta-1-4-glycoside bond between

n-acetyl onuram ni ¢ acid and n-acetyl ogl ucosani ne,

t he bagtws,ixah Pyalr . Unfortunately, the trenendous potenti al
r egar tratentbbeifiichalidgaPar@ef £8t s possi bl e t hrough use 15 of |ysozyme has not

been &ewprawed 2p27narily due to

both contained in

with

t he observed cytotoxic effect of the

mnonﬁ%ﬁ%&% of this enzyne. For exanple, in tests with
cultu i I'\ésts, t here has been an observed cytotoxic effect from

doses of lysozynme in 20 nmononeric formeven when adm ni stered at very
smal | quantities. It thus becane necessary to develop a way to
maxi m ze the potential beneficial effects whi ch coul d be obtained from

| ysozyne by finding an
effects 25 0y Nrefpia ¢ /Apgiettiqn Not PR N e revet N° zF L recently
di scovered tHat E nnﬁ%ﬁf

not exhi bit w?’ﬁ:@gﬂ??éfﬁ%’,‘é@gﬁéwg@nst ruct ed from|ysozyme if one

effective way of controlling the cytotoxic

992033'1‘2}-:% Lviral or antibacterial
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prepares a cofpostt+on—baset—3—ofr—the—dtrertec—formof—tihe—enzyne:
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in the treatnment of a nunber of infectious di seases
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yet  which does not exhibit the highly cytotoxic effects normally
associ the | ysozyne nononmer. The use of |ys

vari ous therapeutic treatnents is disclosed in a co-pending 5
applicati'on WO 8911294 (PCT Application US88/01785). Met hods
for the dinerization of |ysozyne . nononers are reported, e.g., by
Sorrentino et al. (BEur. J. Biochem 1982, 124, 183-189) or 10
Bart hol eyns and Baudhuin (Biochem J. 1982, 202(2), 543-550).
Sorrentino et al. teach a nmethod of di neri zing 1 ysozynme nononers by
reacting nononeric | ysozyme with dinethyl suberimdate at pH 8.5 and
mai nt ai ni ng the sane pH val ue throughout the entire 15 reaction by

‘addi tion of triethanol amine/ HJ buffer. They further teach stopping
t he reaction by addi tion of anmmoni um acetate and purifying the
incubation mxture with a colum of Sephadex G 75 superfine and
eluting the colum wth anmoni um 20 acetate/acetic acid buffer pH 5.5.
A simlar nethod is taught by Barthol eyns and Baudhui n, wherein

| ysozyme is dissolved in a phosphate buffer, the pHis adjusted to
8.5 and '

METHOD OF PREPARING IL¥SOCZYME DIMERS-

Field of the Invention

The invention relates to a series of
techniques used to prepare and purify a lysozyme
5 dimer which will be particularly useful in the
treatment of viral and bacterial infections.

Background of the Invention

i mm . The. ever arowing pumber. of bacterial strains ... . . ..

and viral diseases which are resistant to

10 antibiotics have made it necessary to introduce new
kinds of drugs in order to treat humans and
animals. Among the many present treatments and
medicines used, it has been kndwn to adninister
enzymes in monomeric form in order to benefit

15 patients afflicted with various diseases. Enzymes
are catalytically active proteins which perform
almost all major life processes in organisms.
Thus, many enzymes, either imdividually or in
certain combinations, have been isolated for their

20 physiochemical, physiological, or bioclogical
effects. -



_whereafw | ysozyme is reacted with dinethyl- 25 SW or: 2’
hours at™ err]C. After gel filtration on Sephade 30% -
dimer is recover ed. Al t hough ways of nmanufacturing the

di meric formof |ysozyne fromits nononmeric formare known, 30: it
IS now i nperative that one be able to produce -l arge amounts of the
dinmeric formin an i nexpensive and efficient manner. It is thus

hi ghly desirable to devel op a system for producing and testlng gr eat
anounts of purified |ysozynme di mer which does not

3a contain the nononeric or nultijneric form of the enzynme, or
ot her contam nants. Summary of tﬁe I nvention 5 I'n accordance

R ol ok T
of : perapeupacu#gfsctﬁsb@ynebsﬂnndQQumgntﬁﬂyrﬁﬁ]is monormeri ¢
lysozyme to a Bpbkehti9 khof 2Ha¥Sh92dz3me, which has been known
since 1922, can be used in var;ous_phys1olog1cal
5 and biological treatments. It has been observed
that lysozyme has various therapeutic properties,
- such as-antiviral, ahtibacterial, antifinflammatofy_
and antihistaminic effects. The antibacterial
effect of lysozyme appears to be based on the
10 hydrolysis of the beta-l-4-glycoside bond between
n-acetylomuraminic acid andfn—acetyloglucoSamine,
both contained in the bacterial wall.
Unfortunately, the tremendous potential with
regard to beneficial effects possible through use
15 of lysozyme has not been achieved'primaxily_due to
the observed thotoxic'effect of the monomeric form
of this enzyme. For example, in-tests with .

o

Vo

e s —gm) tared fibroblasts;-thers haE Leen B ObSeTVed- i o

cytotoxic effect from doses of lysozyme in

20 monomeric form even when administered at very small
quantities. It thus became necessary to develop a
way to maximize the potential beneficlal_effects : i
which could be obtained. from lysozyme by finding an
effective way of cohtrolling the Cytotoxic'effects

25 associated with the monomer.

It has recently been dlscovered that an
antiviral or antibacterial composxtlon which does
not exhibit: cytotoxic effects can be constructed
from lysozyme if one prepares a. com9051tlon based

30 on the dimeric form_of the enzyme. Use of lysozyme
in the dimeric form results in a comp051tlon useful
in the treatment of a number of infectious diseases



é‘pH-éf'at | east 9; addi ng a suber|n1date coupl i ng reagent

such as di nethyl suberi mg\@ 3:% the | ysozype, i %
mononmers in the sol ution f&i éxm}& t at aipkial oty Tyt
[

- w

above 9; ° c) lowering the pH to about nsoreer 0 * stop the’ v
di meri zation reaction at a given point by3 addi tion of acid,

d) purifying the dinerized | ysozynme sol ution 20 by carrying out a first
elution step in which the solution is eluted through an ion exchange

racti ons

col um,
whi ch are substgntlaPECh doeﬁigb %xhlblt %ﬁ? %f?ma%c?¥or%§% éIysozyrre
are. collected; effeCtS norm@ﬂly-assggmaﬁydtw;thnﬂhgnkxs0¢ym£t|ons from

the first el utiganshgp. bx-h%ausw O Qs yaRe Uithed® in AMIQH Step in which
the collected fractions from e flrst elution step are el uted

through a gel thera??ﬂﬁﬁ&t %%%;gig igndlisclosed inf3 couperdingg the
hi ghl'y prSfledaEbIEEthon dywyyﬂﬁsggynmjggg fromthe second

elution 10 st ep.
Methods for the dimerization of lysozyme
monomers are reported, e.g., by Sorrentino et al.
{Eur. J..Biochem, 1982, 124, 183-189}) or
10 Bartholeyns and Baudhuin (Biochem. J. 1982, 202(2)},
543-550). Sorrentino et al. teach a method of
dimerizing lysozyme monomers by reacting monomeric
lysozyme with dimethyl suberimidate at pH 8.5 and
maintaining the same pH value throughout the entire
15 reaction by addition of triethanoclamine/HCl buffer.
They further teach stopping the reaction by
addition of ammonium acetate and purifying the
incubation mixture with a column of Sephadex G-75
superfine and eluting the column with ammonium
20 .. acetate/acetic acid buffer pH 5.5. .. . ) _
A similar method is taught by Bartholeyns and
Baudhuin, wherein lysozyme is dissolved in a
phosphate buffér, the pH is adjusted to 8.5 and
whereafter the lysozyme is reacted with dimethyl-

25 suberimidate for 2 hours at 25 °C. After gel
filtration on Sephadex G-75 about 30% dimer is
recovered.

Although ways of manufacturing the dimeric
form of lysozyme from its monomeric form are known,
30 it is now imperative that one be able to produce
large amounts of the dimeric form in an inexpensive
and efficient manner. It is thus highly desirable
to develop a system for producing and testing great
amounts of purified lysozyme dimer which does not



In the above way, great amounts of purified lysozyne-diner can be™> '~

manuf actured which will be useful in treaty,ng a,varnrety,of,vi'rral’and” -
bact eri al di seases. 15 Brief Descriptior oft tHe .Dr awiidg':F Juies’
Figure 1 is a graphic representation of the . elution-profiie'obbahne&
fromthe first elution step ca34ied out in accordance with the

pr esent I nvention. 20 Figure 2 is a graphic representation of
t he elution profile obtained fromthe second el ution step
carried out_in_accqrdance with the present . L nventj.on

Dot ai | ed DESHSAIN GO APIRR TG0k ML B Gh PR & 88 |1 prepari ng

| ysozynme diemzyme ,n cac attan@ontaminanidh t he present invention, any

currently available. =~ = |ysozyne nononers can be used as. the starting
materials. In the present invention, the |lysozyme nmononers used were
obt ai ned f Somm8ayw o f-diher 1sent‘a'§chenica, GrbH, Hei del berg, and had .
Catalgg No. In accordance with the present'inVention, an

efficient method of preparing a purified lysozyme

dimer product is-provided which'comprises-the steps

of: S B _

a) preparing a lysozyme soiutiOn:by.adding

10 monomeric lysozyme to a buffer solution adjusted-to
a pH of at least 9; _ - '__

b) = adding a suberimidate coupling reagent
such as dimethyl suberimidate-in order to dimerize
the lysozyme'monomérs in the solution While"the

15 solution is kept at a pH at or abové 9;

c}) lowering the pH'to_abbut'J_in order to
stop the dimerizatidn_reaction at a given point by
addition of acid; | 5 R

d) - purifyihg the dimerized lysozyme solution

(38 ]
c

by tarrying outrarEirstreldtion step in which ther i ey
solution is eluted through an ion ekchange.column)



Iysoz T3kn1|s prepared in a . "beaker By dlSSOleﬂﬂ‘ﬁﬁE e[y :ig
i n a phosphate buf fer solution ate robm tenperature whi | e R
continously stirring the solution for at |east about two hours The
phosphat e buffer solution enpl oyedyi s preferablmhan 0 1 Mdisodium

hydr ogen phosphat e di hydr«a’ﬁ) m sol ution
has been prepared by dissol vi ng m%{fﬁ ﬁg 6?"d‘| SOdI um hydr ogen

phosphat e di hydrate in about 1,000 ml H20. Although actual anmounts of
t he reagents and solutions used in the present I nventi on can
vary, the dinmerization reaction of t4he present invention has been
carried out using 15 from about 40 to about 60 granms of the |ysozyne
mononer whi ch ‘handcfractionsvatiich adecakdrstantiglly com@l:dlsecs bfters of

t he di sodi um hy s h u s.also
preferred that Sﬁww&%ng%gﬁ 8fsély@é%%%e agj %é?ig to ave a pH of at
20 _least 9, and nose) prefditeringbdhe tollatbedHfractions itomnt can be
made using. a bagiy SO MLLO IEE&PFOStEP %§:EJ$£f§§% oPt gy aéﬁfng a

di meri zation reaction 1s t
sui t abl e sBberi ®laionsstepoipl- Whgcheﬁgéﬁcqubsérfréﬁtﬁgﬁérqmozyne

referred tha f’z'* N eroT CLACRBH, bheppdrd: uted LROOUAN akbdad grl fillrtion
present inventi & ecﬁ%vﬂﬂvoﬁnﬁrepared as 30 i ndi cat ed above, 4-6
grans of the dimethylgy  collecting the highly purified dimeric
' lysozyme product resulting from the second elution
10 step. ’ .
In the above way, great amounts of purified
lysozyme dimer can be manufactured which will be
useful in treating a variety of viral and bacterial
diseases.

re a COUp|Ié§£EE§§§ﬁ§?IS addecsito thé's 2 s nonomer. a

15 Brief Description of the Drawing Fiqures

Figure 1 is a graphlc representatlon of the

- elution profile obtained from the first elution

step carried out in accordance with the present
invention. ‘

20 Figure 2 is a graphic representation of the
elution profile obtained from the second elution
step carried out in accordance with the present
invention. . 5. . Lot L

PRTIE . LI A ! | I
ot . P

Detailed Description of the Preferred Embodiments
25 -, In preparing -lysozyme: dimers in accordance
with the present invention,” any.'currently available
lysozyme monomers can be used as. the starting -
materials. - In the present invention, the lysozyme
. monomers used were obtained. from Serva Feine -
30 -Biochemica, GmbH, Heidelberg, and had Catalog No.



suberinidate is added to the nmononer. sol ution and wi |- dlssqlve ﬁdrhih
about one m nute, The - . ! e, !
coupling reaction is allowed to take place for épgd 60rn1nqpes a -,
roomtenperature (25+/ -5[err]C) while the solution is continuously
stirred with a magnetic or othgr stirrer. 5 The dinerization
reaction can be stopped at a given point by lowering the pHto about

7 ( 0.2), and this can be acconplished with the addition of 1 - M-
HC and/ or 2826 0addiBefureofa adupl iMameagemt is addedtiad etlsel ution (roughly

glr)gg;r ggoum ng a xrébdut f,f&&zéﬁﬁ %’ vedqgcﬁ%ﬁlﬁlgnHngr?genNor mal | y,

t he dlnerlbaak@m'k&admsﬁvhw;ng theﬂmqnnman(1quafnhosnhnMe1 hour, although
greater ory 5 g ﬂaﬂwétkidghtté%?é¥§éﬁfétﬁﬁi1§aCt'0” is 15 st opped
e -

may be allome pen |ng on the preci
5 continously stirring the solution for at. least

e o ®wie

” -

about two hours. The phosphate buffer solution
employed is preferably an 0.1 M- dlsodlum hydrogen
phosphate dlhydrate buffer.. A sultab;e buffer
- solution has been.prepared bytdiseolviugﬁabout 70
10 grams of disodium hydrogen phosphate dihydrate in
about 1,000 ml H20. ‘Although actual amounts of the
reagents and solutioneﬁused3inrthe present
invention can vary, the dimerization reaction of
the present invention has been . carriedIOut using
15 from about 40 to about 60. grams of. the ‘lysozyme
monomer which has been dissolved in a beaker having:
~about 5 liters of the disodium hydrogen phosphate
dihydrate buffer. It is also preferred that the
monomeric solution be'adjusted‘to have -a pH of at
20 ... least 9, and m most preferably about 10.  The pH w“;__h
adjustment can be made using a basxc solutlon such
as 1 N NaOH.. _ _ _ : _
The dimerization reaction is then allowed to

take place by adding_a,suitable_suberimidate.

25 coupling reagent in’proportioh-to the lysozyme
monomer solution whlle ‘maintainng the pH at or
above 9. It is preferred that a dlmethyl
suberimidate coupllng reagent be used in the
present anentlon. To. the solutlon prepared as

30 indicated above, 4-6 grams of the dlmethyl
suberimidate is added to the monomer solutlon and
will dissolve within about one minute. The



anmount sy t he reagents and sol utions used

i s 'prewmpoi nt thgt the entire reaction mWV\?'ﬂm?u
general ly shows great 20 turbidity, be passed through a nmenbranous
filter in order to separate off undissolved particles. This S
usual | y necessary because the solution at this point wll contain a
portion of nultinmers which are present in undissolved form To
separate out 25 mul ti mers and ot her undi ssolved particles, a filter

of about 0.4-0.5[err]mpore size is preferred for use in this step.
Gel el ectrophoresis studi es have been carrjed out on sanpl es taken at
different tinmes foll ow ng 30 the addition of the coupling regent to the

| ysozyme ORI %@v:‘%‘ﬁ‘e J}b%if éiﬂ..%éa £80¢¥akBab1abbheugh t he

nmononer formis In every

7 °  fractionabeaty é&jm qﬁﬁﬁiQRN#Q%%O%E@HQr§§u¥ﬁe(25f/"5 C)

while the solution is continuously stirred with a
magnetic or other stirrer.
5 The dimerization reaction can be stopped at a
given point by lowering the pH to about 7 (+ 0.2),
and this can be accomplished with the addition of 1
M HCl and/or the addition of a 0.2 M ammonium
acetate solution (roughly about 250 ml). A
10 suitable ammonium acetate solution has been
prepared using about 15 grams dissolved in 1,000 nl
H,0. Normally, the dimerization reaction is
allowed to go for about 1 hour, although greater or
lesser periods of time before the reaction is
15 stopped may be allowed depending on the precise -
amounts and nature of the reagents and solutions
used.
-I§-~is-preferved-ak this point that the--entdiwe - - -
reaction mixture, which generally shows great
20 turbidity, be passed through a membranous filter in
order to separate off undissolved particles. This
is usually necessary because the solution at this
point will contain a portion of multimers which are
present in undissolved form. To separate out
25 nultimers and other undissolved particles, a filter
of about 0.4-0.5 um pore size is preferred for use
in this step.
Gel electrophoresis studies have been carried
out on samples taken at different times following
30 the addition of the coupling regent to the lysozyme
monomer solution. These studies show that although
the monomer form is clearly visible in almost every



ding@hé&&&&%tpf the | ysozyne is recogni zable after d@?ﬁé%ﬁé%ﬁﬁk tes of , -
rea tffe, and t he band grows larger as the rea ues a

The 5 nmononeri-c wei ght of |ysozyne is approximately 14, 000, and t he
di meri c band corresponds to a size. of about 30,000 in nol ecul ar
weight. In the el ectrophoretic traces, the generation of

multimeric fornms can al so be recogni zed. 10 In order to prepare -
substantial amounts of purified | ysozyne diner product, it is
preferred that the dinerized | ysozyme .sol ution undergo at | east
two further purification steps in ordeg to I solate the |ysozyne diners

and renove | ysozyne 15 nononmer s . or ot'her contam nants. The renoved

undi meri zed | ca ol preferably
recycled in tﬁggégeseg? ﬁ !o% ggnﬁ c'J es&;dﬂ&ir{%ero ma}>?<| m ze efficiency
in the producdmerlc fonm dfn’bhs lysozyme 18Aneqognmhlf¢ oaften step is -
preferably — apou€aipf ngeasuafngehe&l%c g i R t‘ﬂ@ough' n

this step, the I merize soz%ne sol uti-on
di meri zat i on grewssiangerragefhgpseaction con tinuyestuc®hento an ion

exchanges esi flofigheFlc ReighBE! i?QoQ?m@eﬁ@rdpﬁ&;ﬁM%cat i on exchange

materials. In the preferre % od |neg a col um Sephar ose FF
(Phar naci a) ot4 ePPPoxpRdt Ehe ddmeric m%%@%&‘??c‘m @ height is
packed with aof aboutl B30}000 &honblécixllatrt aresigirhili | ity atssl With 4.2 30

liters of a 50 ate Iu pH 7. Approximtely
5 1liters of tﬁ%nw¥ F g@ E trg ut?§ﬁ %%ﬁ?ﬁ%ﬁ? %;the I on exchanger
col um, multimeric forms can also be recognized.._

10 In order to prepare substant1a1 amounts of

purified lysozyme dlmer product, it is. preferred
that the dlmerlzed_1ysozyme,solu;ionﬁundergo at
least two further purification steps in order to
isolate the 1ysozYme_dimers;andgremoveflysozyme'

15 mononers'or other contaminants.._The renoved
undimerized_lysozyme monohers cap;be_collecred and
are preferably recycled in the'present'invention so

enen e Ewge LY - fGrtiier maxxmlze—eﬁﬁctencyﬂ*xfr the production — e mmemm——
of dimers. : e o _ :

20 _ A flrst purxf1cat1on step is preferably _
carried out using ion. exchanger chromatography. In
this step, the dimerized. lysozyme solutlon obtalned
through the dlmerlzation process descrlbed above is
introduced into an ion exchange_resin column

25  comprised of Sepharose or;other.cation exchange
materials. In the preferred”embodiment,'a columnn
of S-Sepharose FF (Pharmacia) of approximately 10

~cm in diameter and 25 cm in'height;iS‘paQKed with a
volume of about 2.1 liters equilibrated with 4.2

30  liters of a 50 mM K-phosphate buffer solution at pH
7.. Approximately 5 liters of the dimerized
solution is applied to the ion'exchanger column,



8 g. “*:and elution will preferably take place at a flow rate of about
60 m / Wa&l0Bt s al so preferred that the elution wi 4

using a salt gradient of 0.15-1 M NaC :in the 50 mM K-phosphate 5
buffer. "Fractions fromthis elution step are collected and held in
sterile flasks by use of a devi ce such as a fraction collector (LKB
2211 ° Suprec). An elution profile can be recorded by means of an
LKB 2210 recorder, which runs at a 10 velocity of 1 mMMmnute, and this
elution profile can be used in determning the precise conposition

of the fractions collected. The absorption of the col | ected sol utions
are preferably neasured at 280 . nm by 8reans of an LKB 2238 UVICOR S ||
15 The precise_prqtein content of each of the fractions

col l ected from t ABdf pAGEION,Midd praferablyjchakepRlaaBodt 8r E1pWef erabl y
anal yzed by a gekrate ofela®utoBOmMyrEiniidod stiCisagl1s8cppbeelbied (SDS-

polyacrylam de ogl ¢ $he’ W1on Wi1° ¥k F15¢6 "using a salt
gradient of 0.15~1 M NaCl in the 50 mM K-phosphate
5 buffer. Fractions from this elution step are
collected and held in sterile flasks by use of a
device such as a fraction collector {(ILKB 2211
Suprec). An elution profile can be recorded by
means of an LKB 2210 recorder, which runs at a

10 velocity of 1 mM/minute, and this elution profile
can be used in determining the precise composition
of the fractions collected. The absorption of the
collected solutions are preferably measured at 280
nm by means of an LKB 2238 UVICOR S II.

15 The precise protein content of each of the
fractions collected from the first elution step
described above are preferably analyzed by a gel

--alesctyophoresic method such- as-the SDS~PACE - {SDE- -
polyacrylamide gel electrophoresis) technique such

20 as described in Thomas et al, PNAS 72: 2626
{(1979). In this electrophoretic study, preferably
about 50 ul of each fraction is mixed with about 50
Al of a coating buffer and the mixture is heated
for a periocd of about 10 minutes at about 95°C.

25 Next, 25 ml of this mixture is spread into a gel
pocket. After electrophoresis is carried out for
approximately 4 hours at 20-35 mA, the protein
bands separate out and are preferably made visible
by coloring with a dye such as Coomassie-Blue R250

30 {Merck) .

Using the SDS-gel process, monomers, dimers
and multimers of lysozyme can be separated out.

gy

Bag



o

20 __as ribed in Thomas et al,:PNAS 72''. 2626 -"-; e thig® :
e|é%9%8ﬁﬁ§§§FTb study, preferably ¢ * { aBoul 5D [err]k Bt ks é®i on i's
m xed with about 50 [err]l of & cdatifhg.buifer and "the i xture is

heat ed for a period of about 10 m nutes at about.95[err]C 25 - Next,
25 [err]l of this mxture is spread into a gel pocket. After

el ectrophoresis is carried out for approxi mately 4 hours at 20-35 mA,
the-protein bands separate out and :are preferably nmade visible by
coloring with a dye such as Coomassi e- Bl ue R250 30 (Merck) .

Usi ng the SDS-gel process, nononer s, dinmers and nmultimers of |ysozyne
can be separated out. 9 - The el ectrophoretic studies can be
used to identify t hose coIIectegersoz yoe fractions which are nostly

in the di merTReielRFETOPNAEREIC SEYALLH SRE De useqd ke sherRELFYconpri sed.
of the |ysozmésdi 803 edited @.ys@i{hh&cfﬁdctdﬁﬁsaﬁmi&&f&fébin&s‘tﬁﬂ'ce”trat ed

down o 1p ABOU 000 M 1402, tangent el LW SYSIE oo AL this
substantially comprlsed of the- lysozyme dimers are )
5 collected, and are preferably concentrated down to
about 800 ml in a- tangentlal flow system.
At thls p01nt, it is preferred that a
subsequent filtering step 'be carried out to further
ensure the purification of the dimer product In
10 the preferred embodlment, +the’ collected fractlonS'-
from the first. elutlon step whlch have been
concentrated. using the. tangentlal flow system, will
. el fa ttration
be eluted ,ég-a-saa/ through - OR—aM e/ column. It
is contemplated that a .column such as a Sephadex G
15 50 F (Pharmacia) of approxlmately,zs_cm in diameter .
and 120 cm in height will be employed. The column
1s equlllbrated with a volume of about 60 llters of

P T T . e S

a5 mM ammonlum ‘acetate buffer solutlon whlch sets
the pH at around 5. A suitable ammonlum-acetate

20 buffer solution was prepared using about 4 grams of
ammonium acetate dissolved in 1,000 ml of water
adjusted to a pH of about 5 with a solution of 3
grams of acetic acid in approx1mately 1, 000 ml of
distilled: water. TR EERT . :

25 . " -The lysozyme dlmer solutlon collected from the =
first elution .step, which has ‘been’ concentrated by

a: tangential- flow system, - -is coated onto ‘the- Aii;

glgg;gzg?column so-that" elutlon preferably-takes
place at .a flow rate of about 70 ml/mlnute in the

30 equlllbrlum buffer.: As in the above first-elution
step, fractlons-are collected and stored, and
approximately 50 ul of each fraction is'analyzed by

YL P, £ LR RO T X T R B N T e ST R 7 1 S



subseq : b ing step be carried out to further Eg@%?ﬁgﬁ?ﬁﬁﬂﬁ——-g
purifi i the dimer product. In 10 the preferred enbodi nent, ¥%e

col l ected fractions fromthe first elution step which have been
concentrated using the tangential flow system wll be el uted through
a gel filtration colum. It - I's contenplated that a col um such
as a Sephadex G 15 50 F (Pharmacia) of approximately 25 cmin dianeter

and 120 cmin height will be enployed. The col umm is equilibrated
with a volune of about 60 liters of a 5 .nmM ammni um acetate buffer

sol ution which sets the pH at arou 5. A suitabl e amoni um acetate
20 buf fer solution was prepared using about 4 grans of anmoni um

acet ate di ssol ve%?éggﬂsgpgsgaﬁggg}qagggﬁ disc?%é&it %J%‘a pﬂ,of about 5

with a solution 3. ] c acid in approximtely 1,000 nml of
distilled water.a@dition, thecelytisphnbrefide 38 adah kesexded fromthe
first elution step;nyhi CReBaabeePuniingNataaeddlbcity ¢ lA5G@EL62E flow
systemis coated oﬁ?%h?h gg? £ f??t%gtion col ym 3% that _el ution

e
preferably takesim/mingtece TheaabPFeFPticd dg2dfb kS APARYERA AL 280t he 30
equi i briumg buf g, 'EPetisntpLohlee bbtalineldiifrom fractiews £akeni ons

?;eaﬁg:;ggéegyaqgféégrgﬁg gggond el%ggagxggg%?g%f¥l|§ﬂgdltﬁ§e§aCh fraction
peaks, but the profiles are primarily comprised of
a middle peak which represents the lysozyme dimer
fractions. By this point, there remains only
10 minimal amounts of multimeric and monomeric forms
of the lysozyme. The highly purified dimer
fractions as indicated from the middle peaks of the
elution profile are then collected, and once again
are preferably concehtrated using a tangential flow
15 system. Ultimately, the purified dimers are
lyophilized and stored until needed.
This total process can be repeated as often as
. necessary until the desired volume of final dimer
product is obtained. 1Individual dimer batches
20 after purification can be placed in distilled water
and further lkophilized. In this way, a homogenous
charge of lysozyme dimer can be obtained which will
be highly useful in the treatment of many wviral and
bacterial diseases. In addition to its antiviral
25 and antibacterial effects, other therapeutic
benefits such as anti-inflammatory and
antihistaminic properties have been attributed to
the use of lysozyme dimer, all without the
cytotoxic effects associated with the lysozyme
30 monomer. The present method is thus useful in
efficiently producing large amounts of the purified
beneficial lysozyme dimer product. Because of its



10 t he SDS- PAGE t echni ques di scussed above. In -addition,f{he e

el WOHARB T i s again recorded using a reCOLﬁEBSEMHﬁﬂMQQhﬁLa,, L
vel ocity of about 0.5 mm minute. The absorptioa again is neasured at

280 5 nm Elution profiles obtained fromfractions taken after
the second elution step still show three peaks, but the profiles are
primarily conprised of a mddl e peak which represents the |ysozyne

di mer fractions. By this point, there remains only 10 m ni mal
amounts of nultimeric and nononeric forns of the lysozyne. The highly
purified diner fractions as indicated fromthe m ddl e peaks of the
elution profile are then collected, add once again are preferably

concentrat ed u5|n%ba tangenti al, flow 15 system . U tinatel t he
purified di matf in deCQERRﬁﬁﬂngQF%ﬁEP%tOFBG dimer predug

- This total prRRRTCeRbY Q:Hé&ﬁaéaeéh@slﬁé@aiaﬁ ‘can beN€ggeaar ¥ontil the”
desi red vol une_of f,nal I£§ roduct tﬁe atalne | ndi vi dual di ner
batches 20 effachi Wﬁﬂqqﬁ |§9P¥Q&§EEF19%C 1geE BRI 8d wat er and
;urther |ygpmﬂgﬁuar%?nisdﬂsbmwtdoﬁl&ndﬁsnwsequently nbaigerdhg ysozyme
i mer can be t aj ned whi t he treat nent of
many Vi ﬂ:g' dett éﬂ% %%]e lﬁi%'ié%;’fy%ﬁl#’gs ?? Santiviral 25
and anti bact meazsfur@‘d‘ etsiswg & rmeqitmhmlmt@meter) after the
enzyme dimer has ‘been applied. Tests conducted in
this manner have indicated that the 1ysozyme dimers
~ produced using the method of" the present invention
10 have a great potential for combattlng v1ra1 and -
bacterial diseases.- : ' '

~ The follcwingqexampies-are*presented as
‘illustrative of the present invention and are not
intended to limit its scope in any way:

50 grams of lysozyme: monomer (Serva Feine,
~ Catalog No. 28260) were dissolved in a covered
beaker using 5 liters of a 0.1 M disodium hydrogen
phosphate dihydrate buffer which was continuously
20 stirred for 2 hours at 25°C. The-phosphate'-'
dihydrate buffer'ﬁas_prepared'using-70.98 g
disodium hydrdgen:phosphate-x*ZHgo'(Merck, p-A.)
dissolved in 1,000 ml H,0. The pH of the solution
was adjusted to 10 using 1 N NaOH. ' Next, 5 grams
25 of the coupling'reagent.dimetth'suberimidate
(Sigma) was added to the'pretein solution, and the
PH was continually readjusted to pH 10. The |
reagent'completely dissolved within 1 minute, and
the coupling reaction was incubated for 60 minutes



,b@hefiﬁé such as anti-inflamatory and anti hi stam nic properties have
been atWO-PHi¢Blo— the use of |ysozyne diner, all mﬁtké%ﬁ7ﬁﬂﬂyﬂﬁhﬂL—~
cytotoxic effects associated with the |ysozynme 30 nononer. The present

“method is thus useful in efficiently producing | arge amounts of the
purified beneficial |ysozyne di mer product. Because of its
effect in deconposing bacteria, the dinmer product produced by the

present invention can be tested for
the diner to a

conducted in

this nner have indicated,that the |ysozyng diers
produced using tR& F&‘W’fbg:ﬁweﬂ?g:%s&ﬁ &%ﬁ?ﬂoﬁ"?@lm‘ﬁéﬁe sfigrdag

potential for cogigdng R0 mégmitianGtirrer. The reaction was stopped

10

15

20

25

30

by lowering the pH to 7 using 1 M HCl and about 250
ml of an 0.2 M ammonium acetate solution. The 0.2
M ammonium acetate solution was prepared using
15.42 g ammonium acetate (Merck, p.A.) dissolved in
1,000 ml H,0. The entire reaction mixture showed
great turbidity at this point, and was then passed
through a membranous filter of 0.45 um pore size in
order to separate off undissolved particles. The
undissolved particles included multimers which were
present in the undissolved form, as detected by
means of an SDS-gel-electrophoresis.

Following addition of the coupling regent,
samples were taken at different times and were
analyzed by gel electrophoresis. The monomeric
form of lysozyme was clearly visible in every trace
recorded. It was ycpraosented-by a lower band
running at a relative molecular weight of about
14,000 (molecular weight of lysozyme is 14386).
From the second trace on, taken at about 10 minutes
reaction time, the dimeric double band could be
cbserved, and this band grew larger as the reaction
continued. The dimeric band corresponded to a size
of about 30,000 in molecular weight. Additionally,
in the later traces, a multimeric band could alsc
be recognized.

In order to produce a preliminary purification
of the product, 5 liters of the above compbsition
was introduced through a cation exchanger comprised
of a column of S-Sepharose FF (Pharmacia). The
column, 10 cm in diameter and 25 cm in height, had

ef fectiveness by adm ni stering

m croor gani sm sol uti on and subsequently nonitoring 5
the decrease in the level of mcroorganisns (as measured using a
spectral photoneter) after the enzyf® di mer has been applied. Tests

RE e



bachgrdhedyseases. - The fol |l owi ng exanplegggﬂggﬁgggﬁggfffas' e
I I'lustrative of the present invention and are not I N o-timt

its scope in any way: 15 Exanple 1 - Preparation of Lysozyne Di ner

50 granms of |ysozynme nononer (Serva Feine, Cat al og No. 28260) were

di ssolved in a covered beaker using 5 liters of a 0.1 Mdisodi um

hydr ogen phosphat e di hydrate buffer which was continuously 20

stirred for 2 hours at 25[err]C. The phosphate di hydrat e buffer was

prepared using 70.98 g di sodi um hydrogen phosphate x 2H err] O ( Merck

p. A) di ssolved in 1,000 m H[eg Rl O. The pH of the solution was
adjusted to 10 using 1 N NaCH. Next granms 25 of the coupling reagent

di net hyl suberwﬂafeeof 1 (S e mﬂslfdtéa wbehpaobemt%qlsutlon and

t he S contlnual readju d to - 10:. r eagent
conpl etel y d s St \}h!m FEeReE %’ﬁoat PH Ty heTBSuﬁl tdgeX&acti on was
I ncubat ed fObfﬁ&Hﬁlaﬂmérized solution was coated onto the

column and eluted at a flow rate of 60 ml/minute in
5 a gradient of 0. 15 1 m NaCl in 50 mM of K-phosphate
' buffer at pH 7. : _
The salt gradient was established and
_controlled in the follow1ng manner using as a_
gradient—mixer an LKB 2152 COntroller. A first
10 solution (Solution A) was prepared which comprised
50 mM K-phcsphate buffer pPH 7 with 0% NaCl, and a
second solution (Solution B) was prepared
compriSing 50 mM of K-phosphate buffer pH 7 and 1M
NaCl. At the starting time (tO), the proportion of
15 Solution B in the elution buffer is 15%, after one
hour (t1), it rises directly to 50%, which is
reached after 3.5 hours (t4. 5), and is maintained

--for-30 minutes-{t5). Within one suhsequent hour- R

(t6) it rises to 100% and remains constant for one

20 hour (t7). Then it drops Wlthln 5 minutes (t7 05)
back again to approximately 0%. The column is next
washed for 90 minutes (ts. 35) With a 0% NaCl
portion. _ _

From the elution in the S-Sepharose cation

25 exchanger, . fractions of approximately 600
milliliters, resulting from accumulation |
corresponding to 10 minutes from the eluted flow,
'are collected in sterile 2 liter Schott flasks.
The collection is carried out by means of a

30 fraction collector (LKB- 2211 Suprec) An elution
profile is recorded by means of an LKB 2210
recorder which runs at a velocity of 1 mm/minute.



12; . “¢wj§yqaﬁﬁal§ﬂperature (25[err]C) with continuous stifcMus9o/o i ng

a magnetic stirrer. The reaction was stopped by lowering the pHto 7
using 1 M HC and about 250 m of an 0.2 M amoni um acet ate sol ution.
The 0.2 5 M anmmoni um acet ate sol uti on was prepared using 15.42. ¢
ammoni um acetate (Merck, p.A ) dissolved in 1,000 M Herr]O The
entiré reaction nixture showed great turbidity at this point, and was
t hen passed t hrough a nenbranous filter of 0.45 [err]mpore size in 10
order to separate off undissolved particles. The - undi ssol ved
particles included nultinmers which were 414 present in the undissolved
form as detected by means of an SDS-gel - el ectrophoresi s.

Fol | owi ng addi t i pRe OAbsBLpEa BRI |1'%gnfe%iﬁ¥ed Ja& zmrmh VRé&nkaken aat

o rerent 1mes Sl 4EEE proccd 1L g il FLGLESh pradie
recorded. It wasfreprthést edrey @mn is 1ﬂdﬂ:‘:ﬁaﬂgdaitaFﬁ.§h&bl ve
Tasaey. " BrohttnERebighEe Racd S%a%si bt el {88 e °
reaction tisme, tﬂzadtmensccdn&hhn1hgn@nmmaniﬂxadlmernmsﬁornd ofind this
oo omces Vo yokie! 826, 1R carest ) dHiRfing Nndhoehs Dod
Addi tional |y, line. The salt gradlent is indicated by the thin
line.
The protein mixture of each individual
10 fraction was analyzed by an SDS-polyacrylamide gel~-
electrophoresis (PAGE) in accordance with the
procedures of Thomas et al, PNAS 72: 2626 (1975).
For that purpose, 50 ul of each fraction was mixed
with 50 sl of a coating buffer and was heated for
15 10 minutes at 95°C. Next, 25 ul of this mixture
are spread in a gel pocket. The protein mixture
Standard IV (Merck) was applied as a reference.
The coating buffer was. comprised of the following
ingredients: )
20 0.72 g tris HCl (0.06 M)
0.136 g EDTA (III) (5 mM)
0.18 g glycerine (10%)
5 g SDS (5%)
PH adjusted to 7.2 (add 90 ml H,0)
25 10 ml beta-mercaptoethanol (10%) |

For the gel-electrophoresis, an 18% separating
gel is prepared which is layered over with a 3.9%
collecting gel. The separating gel solution for
18% acrylamide was comprised of the following:

K. el d
ar
i



in Wipslapesrtreces, a multinmeric band could al so qqﬂﬂiﬁ@gﬂb@ﬁﬁr;r“
In order to-produce a prelimnary purification of the product, 5

liters of the above conposition 30 was introduced through a cation

exchanger conprised of a colum of S-Sepharose FF (Pharmacia). The
colum, 10 cmin diameter and 25 cmin height, had

13 a volune of 2.1 liters-equilibrated with 4.2 liters of 50 ™M
K- phosphate buffer at pH 7. The 5 liters of the dinmerized sol ution was
coated onto the colum-and eluted at a flowrate of 60 mM/mnute in 5
a gradient of 0.15-1 mNad in 50 nM @fs K- phosphat e buffer at. pH 7

The salt gradient was established and controlled in the follow ng

manner using as a 9 g acrplamiddeni xer an LKB 2152 Controller. A first 10
sol ution (Solutlcwb/%4gm8 glgpgcgglgﬁi&g conprlsed }
0.136 g tr1s HCl pH 8.8 (0. 325 M)
_ 0.03 g SDS S _
5 200 xal 10% ammonlum persulfate solutlon
20 ;ul TEMED

The collecting gel solution for 3.9%
acrylomide had -the following ingredients:
_ 0.39.g acrylamlde B L |
10 10.4 mg bls-acrylamlde_.
10 mg SDS . :
100 aml 10% ammonlum persulfate solution
10 ;1 TEMED |

The SDS—polyacrflamidergel-was prepared by
15 taking two 20 x 20 cm glass plates, which are
thcrougbly cleaned and. rinsed w1th ethanol, and ...
placing them one atop the other. Two spaclng
strips of 1 mm thlckness (1ength 20 cm,. breadth 1
-cm) provxded the space between the plates into
20 which the gel was poured. The spacing strips are
mounted on the left and right edges of the glass
plates. The bottom edge is sealed by a textlle
adhesive strlp, and all three edges are relnforced
with clamps. The edges are addztlonally sealed
- 25 - with a 1% agarose solutlcn. After hardening of the
agarose, the separatlng gel solutlon prepared above
-is filled into the Anterstices in vert1ca1 position
up to approxzmately 3 on below_the_top edge of the
glass plate, and with the aid of a Pasteur pipette
30 is overlaid with a layer of water. The gel is



50:; WW buffer pH 7 with 0% NaCl, and a second_sol ution
(Sol uti QL pr epar ed conprising 50 nmM of K-phosphJFa75§?&@ﬂEﬂH 7

and 1 M NaCl. At the starting tinme (t0), the proportion of 15
Solution'B in the elution buffer is 15% after one hour (tl1), it rises
directly to 50% which is reached after 3.5 hours (t4.5), and is

mai nt ai ned for 30 mnutes (t5). Wthin one subsequent hour (t6)
it rises to 100% and remai ns constant for one 20 hour (t7). Then it
drops within 5 mnutes (t7.05) back again to approximately 0% The
colum is next washed for 90 m nutes %t8.35) with a 0% Nadl

portion. Fromthe elution in thé& - Sephar ose cation 25

cecumiration " b8ISpRrIARR, edl drbriinatel i ab, nuhlERE.oRAg, "0 O
are coll ected i ncoa&inge of Watmr SchqauréedistEf, and The edgeccifi dhe s

carried out by rrgg;izl%f r"in%%d ecjd_[egcéi'n@ &ﬂ#e&ﬁgrﬁéﬁ:;gfgﬂ& glé[il’ ec). An

el ution pr oPfi i’s“récorded by neans of an L recorder
whi ch runs at a selution descriked Ahave.

5 Next, the collecting gel solution is filled in
up to the edge, and a Teflon sample collecting comb
is put in so that the bottom edge of the sample
pocket lies approximately 1 cm over the front edge
of the separating gel layer. After approximately

10 15 minutes, the collecting gel is polymerized, and
the comb can be removed. Next, the textile
adhesive strip is removed and the gel is joined in
the vertical position to an electrophoresis
apparatus. The buffer chambers are filled with an

15 electrophoresis buffer (6g tris-base(0.05 M); 28.5
g glycine(0.38 M); 1 g SDS(0.1%); and 1,000 ml H,0)
and the gel pockets are rinsed once with the aid of
a buffer spray. - The lysozyme dimer samples are
heated for approximately 10 minutes in the buffer

%

o

20 coating at 95°C and filled into a container or area
. in the testing sample pocket corresponding the gel
pocket. {

The electrophoresis was carried out at about
20 mA for about 4 hours. If overnight-
25 electrophoresis is desired however, this could be
carried out at a reduced charge of about 6~8 mA.
The moving front is made visible by intermixing of
0.02% bromophenol-blue into the coating buffer.
The electrophoresis was terminated when the moving
30 front of the process reached the bottom edge of the
gel. The separating gel is cut out, dyed for
approximately 30 minutes in a fixing solution and



'1€v e absorption is nmeasurad-at 280 -nmaby meang;_,ﬁ‘ 850/00149, LKB™ < ~
UVICCR S Il. The recorded el uti‘ol profhle- » » fyomyfhis first;
eIutlon step is indicated at Figure - * Iqm'Flgure 1»*it can be:*
observed that all of the 5 fractions containing primarily dinmeric forns
of | ysozyne are indicated by shading under the thick line. The
salt gradient is indicated by the thin l'ine. The protern
m xture of each individual 10 fraction was anal yzed by an
SDS- pol yacryl am de gel - el ectrophoresis (PAGE) in accordance with the

procedures of Thomas et al, PNAS 72: f§26 (1975) _ For that purpose,
50 [err]l of each fraction was m xed with 50 [err]l of a coating

buf fer and yas st 4 46l agall B3 a@@ﬁq@rslg}gagsm% err]l of

this nixtur Foad P ure )
St andard |vs9w§rtcm)n wa% egmmédmethan@f,erm@zl acetmhacamb,tl ng buffer

was ggrrgg - S8Hq0% , ot fﬂ'ﬁ%ﬁng %%ﬁi%ﬁgeg?ga%mz%s prepage %g g tris
gl ycerine ( g%:omblm.ng 508 g Sgg Q:g%bleach soluipi;pnaup.astélduo 7.2 (add
90 mM dlerrh) o25a dye- soi@t%nbébépﬁ"s‘ﬁﬁ} Q?Ié‘%maégﬁ-blue |

For- the geI(Rgls%(:t rMOepzth]Eje,S ISO lanE 1112800, saeuggrggl zr:]:g methanol. The
protein bandsrwere then made v151ble by coloring
~with the dye solution as Lndlcated above. . The
traces made using the SDS-PAGE technlque indicated

10 a gradual ;ncrease_in the.amount:of dimerized
lysozyme in' the Samples &hich;ultimatelyﬂincluded
fractions containinglmultiﬁers as well. The
fractions which. were. prlmarlly lysozyme in the
dimeric form were collected and were: concentrated

15 down to 800 ml in a tangent;al flow-system. This
system, manufactured by Millipore,-included a
- filtron exclusive 1o,ooood;filter,:an olefin
‘membrane having a tear reSistance'of"7”bar;_and a
Verder 80W (Type 20-30 No.'60079) pump.’ The input

20 pressure was. 2 bar, and the output pressure was at
the minimum lower than 0.2. The worklng_capaclty
was approximately 1 liter/hour. 'The'apparatus has
a dead volume of 400 ml so that upon termlnatlon,

-~ when the membrane is rlnsed w1th 400 ml, a total

25 - volume of 1200 ml is obtalned._' e . '

- The lysozyme dimers were then purlfled py
filtration in a Sephadex ‘650 F (Pharmacxa) ﬁiﬁfrZSHl.
Jfrchangex{ For ‘that, a column’ (dlameter 25.2 cm,
height 120 cm) was equilibrated wlth a volume of 60

30 liters with 5 mM of an ammonium. acetate buffer at
PH 5. The total protein solution of 1.2 liters was
coated on and eluted at a flow rate of 70 ml/minute



gel s Qf%wl ch is layered over with a 3.9% col | EZME‘?‘P{’—\
The sep sol ution for 18% acryl am de was cqﬂgé e

fol | ow ng: : —15 9 ¢
acryl am de 0. 045 g bis-acryl am de 0.136 g tris HO pH
8.8 (0.325 M 0.03 g SDS- 5 200 [err]l 10% anmoni um
persul fate sol ution 20 [err]| TEMED The coll ecting
gel solution for 3.9% acrylom de had the foll ow ng ingredients:

0.39 g acrylam de 10 10.4 ng bis-acrylam de . 10 ng SDS

100 [err]l 10% anmoni um persul fate solutio:[n8

in the equilibrium buffer. Fractions of
approximately 700 ml were collected, and each 50 ul
per fraction was analyzed as described above using
the SDS-PAGE procedure.

5 The elution profile for this filtration
procedure was indicated by a recorder having a
velocity of 0.5 mm/minute measuring the absorption
at 280 nﬁ._ The recorded elution profile is
indicated at Fiqure 2. The thick line in Figure 2

10 represents the absorption profile of the lysozyme
solutions with more sensitive detection than in the
thin line of the graph. Although this elution
profile shows three peaks, it is the middle peak
which is extremely pfominent, and this peak

15 represents the dimer fractions. The first and last
peaks referréd to the lesser amounts of multimeric .
and monomeric forms of lysozyme remaining in the
coating mixture.

Finally, the fractions containing highly

20 purified lysozyme dimer (fractions 8-13 in the
elution profile) are collected and are concentrated
with the tangential flow system described above.
After concentfation, the purified dimer is then
lyophilized. After repeating this process several

25 times, individual batches of dimer are purified,
placed in distilled water, and then are again
lyophilized, so that a homogenous charge of
lysozyme dimér is obtained.



10 bﬁgﬁﬁﬁﬁfﬁugg‘ The SDS- pol yacryl ani de gel 46 by 15 -
taking two 20 20 cm gl ass plates, which are t horoughly clean and

rinsed with ethanol, and . placing them one atop the other. Two spaci ng
strips of 1 nmmthickness (length 20 cm breadth 1 cn) provided t-he
space between the plates into 20 which the gel was poured. The spaC|ng
strips are mounted on the left and right edges of the gl ass

pl ates. The bottom edge is sealed by a textile adhesive strip, and aI
three edges are reinforced - with clanps. The edges are additionally
sealed 25 wth a 1% agarose solutiop After hardening of the

agarose, the separating gel. solution prepared above is filled into
the intersti Giampleecpt +CBhzpmei Actdvity Teswt to approxi mately 3 cm bel ow
the top edge of the - glass plate, .and with the aid of a Past eur

pi pette 30 is overlaid with a layer of water.. The gel

17 _ The enzyme actlvity of the d1mer1c lysozyme

prepared in the present inventlon can be tested : ~
using an act1v1ty test: described 1n Verhamme et al,
5 mmgwg Vol- 2: -5 .(1988).
__Thls test is based on reducing the mlcroorganlsm
Mlcrococgug 1uteus 1nto soluble decompos1tion
products by enzyme-induced 1ys1s of the " .
m1croorgan1sm's cell walls.h The gradual 11ghten1ng
10  or total e11m1natlon of the turbidlty at a
wavelength of 450 nm 1s measured by a spectral
photometer as a measure of the enzyme act1v1ty.
‘For this test a suspenslon of g;g;ggggggg
_ Luteug was prepared._ Approxlmately 30 mg of
15  M.luteus (ATCC 4698, 'liv1ng, lyophllized, produced
by Boehringer Mannheim) is ground transferred with
approximately 25 ml of a phosphate buffer into a
100 ml- Erlenmeyer flask, and stlrred slowly for
approxzmately 2 hcurs at room temperature u51ng a
20 magnetic stlrrer.- Next, the suspenslon 1s
centrlfugated for 1 mlnute at 500 rpm,'and the
excess is decanted lnto a fresh vessel.- Small
lumps of bacterla whlch are not suspended are found
in the sedlment.” The suspension is stlrred
25 further, and 1n order to prevent sedlmentatlon, 1s:
d11uted with phosphate buffer. It is measured in
comparison with air, and the layer of thlckness is
1 cm. Corresponding representatlve samples of the
suspension diluted in this manner with continuous
30 stirring are taken out for the test measurements.



VSfthé“¥Ei§§§n _again for 2 hours in a bleaching SOIuﬁffmg§g~E§ﬁhﬁﬂ
nmet hanol, m acetic acid, and 2,000 M Herr]O The™1i #6

sol uti on was prepared by conbi ning 500 m of the bleach solution with
12 5 M of a dye solution conprising 1 g Coonassi e-bl ue (R250,
Merck), 50 ml Herr]O and 50 m nethanol. The protein bands- were

t hen nmade vi sible by coloring with the dye solution as indicated
above. The traces made using the SDS-PAGE technique indicated 10 a
gradual increase in the anount of dinerized _ | ysozyne in the sanples
which ultimately included fractions gpntaining nultinmers as well. The
fractions which were primarily |ysozyne in the dinmeric formwere

coll ected and were co t 0, gaﬁﬁygn | ow
system This yst i@%ﬁ?ﬁgﬁeﬁahﬁﬁﬁggﬁg 1?ncl ed %ﬁhe;

filtron exclu5|vérfOB§ﬁP%F9¢l%Qwa geneeRtration ofpdnmalmd @fing a tear

resi stance of 7 %'teza‘nd The test\@éﬁﬁe&?ﬂavaiygslaad3&ri\le;at@i079) punp.
The input 20 pr.ess e mas t he outgm gressure was at t he
m ni mum | ower t h3MEG gﬁﬁ pRgagyremen mately 1
l'iter/hour. sThe pmaafeat umdhame actiwmtifaﬂsvebﬂﬁSspbndQ@zgfﬂy a1 hdtdd UDOH

LTI O0, o ooy LHk, T B 0P bt ffen WAEDR 1000y dagdetal 20
purified by th’enl caxtdied iouta Hephaaenstand tepperatariealpf 25°C.resin.
Wih a vol e of T8 SHAE Hizpokd, J of endtilhe el LT [ PO
pH 5. The total BBFSCei mansbithe gipagunenent : bs sundertakencysing @ and
eluted at gqof | owceaper@itute~Hdiirbiifed cuvette. The cuvette volume
is 3 ml, the thickness of the layer of the test
solution is 1 cm, and the decrease in turbidity
following the start of the reaction is measured at
450 nm over 7 minutes. The turbidity decrease per
15 minute is indicated in a spectral photometer
(Spectronic 1001, ‘Bausch & Lomb). The reaction
mixture was made from 2.95 ml of the M.luteus
suspension and 0.05 ml of the test sample solution.
Each measurement was repeated twice and an average
20 value determined therefrom.

The raté of enzyme activity as determined by
the turbidity decrease is tracked starting from the
linear initial range, and a A E (E = extinction of
the bacteria)/minute time period is analyzed. The

25 value of A E/minute is smaller than 0.03, and the
decree of dilution of the test sample must be
selected correspondingly. The turbidity decrease
is also determined in a blank sample test (M.luteus
with water), and the value which is generated

30 through the .cuvette must be drawn from the measured
values of the test samples.

o]



17'“§T9nqpﬁﬁ—fhen bl eached again for 2 hours in a b'eac%ﬁ?gyﬁﬁgﬁﬁﬁﬁﬂéifE'°f°“
400 met hanol , 140 ml acetic acid, and 2,000 m — re
fixing solution was prepared by conbi ning 500 m of the bl each
solution with 12 5 m of a dye solution conprising 1 g Coonassi e-bl ue
(R250, Merck), 50 mM Herr]O and 50 mM nmethanol. The protein bands -
were then nmade visible by coloring with the dye solution as indicated
above. The traces nmade using the SDS-PAGE technique indicated 10 a
gradual increase in the anount of dinerized - lysozynme in the sanples
which ultimately included - - fractibgns containing nultinmers as well. The
fracti ons which were primarily |lysozynm® in the . dinmeric formwere

col l ected and wer epyONRcEtd %fﬂrﬂend-ouﬁloi%ﬂiﬁﬁea m__s__&angfﬁggg‘g_n_;i al flow

system This system manuf acf ured by. pore,~Inc
filtron excl @AY EHENZYNES |ASKLIVEEY o?-%f{h%_}’@_-j 1utedfbr ane .having a tear:
resistance Olsugptiisicidrith dimer solution which was not
observed in the ¢Qﬁtrol-samp1e of ‘M.luteus ' -
5 suspension with water. :



[ ) P B B

Verder BOW (Aype 20-30 No. 60079) :‘é&%b'g 20  prassure was : par
and:§@@ put pressure was at @ : m | oyersthan 0.°3. g ?g

wor Ki capacity was apprOX|nater L ter/ heur. Tire appar -has'
a dedd vodl une of 400 nk hqg when tfie nenbrane
is rinsed with 400 miy, *@ @%@ 1200 m is obtai ned.

The | ysozyne di mers were tthen purified by filtration in a Sephadex G
50 F (Pharnmacia) ion exchanghdhéLEaL_ﬂhat, a colum (dianeter 25.2
cm hei ght 120 cn) was equilibrated with a volunme of 60 30 liters
with 5 mM of an anmoni um acetate buffer at pH 5. The total protein
solution of 1.2 liters was coated on and eluted at a flowrate of 70

m/mnute, A method of Eﬁrparlng a purified lysozyme l@imer proéiicthe

equi Li briumbuffer. Fra
and 8ach 50 GPUPTisSinge

10

15

20

25

30

35

approxi mately 700 m were coll ected,
i%%ﬁhcﬁés anal yzed as descri bed above using

a) preparing a lysozyme solution by adding monomeric
lysozyme to a buffer soclution and adjusting the pH to
a required value;

b) adding a suberimidate coupling reagent to dimerize
the lysozyme monomers in the lysozyme solution while
maintaining the pH at the required wvalue;

c) stopping the dimerization reaction at a given point;

d) purifying the dimerized lysozyme solution by gel
chromatography and collecting the fractions which are
substantially comprised of the dimeric form of
lysozyne,

characterized in that the pH in step a) is adjusted to at
least pH 9 and maintained at at least pH 9 during step b),
whereafter the dimerization in step ¢) is stopped by lowering
the pH to about 7 by addition of acid, and the lysozyme dimerxr
solution of step d} is purified by carrying out a first
elution step through an ion exchange column, collecting the
fractions which are substantially comprised of the dimeric
form of lysozyme and carrying out a second elution step in
which the collected fractions from the first step are eluted
through a gel filtration column, whereafter a highly purified
dimeric lysozyme product resulting from the second elution
step is collected.

2. A method according to Claim 1 wherein the monomeric
lysozyme solution is adjusted to a pH of about 10.

3. A method according to Claim 2 wherein the monomeric
lysozyme solution is adjusted to pH 10 by adding NaOH.

4. A method according to Claim 1 wherein the buffer solution
is comprised of disodium hydrogen phosphate dihydrate
buffer. :



.the SDS- PAGE procedure. 5 The el ution profile for this filtratihon , +
was i ndicated by a recorder havi ng Et:.ia..‘l_vel'tm.c.rt 4P35 ..
i m nute measuri ng tE?% #ﬁtﬁ&@r?@?ﬂn he recorded, eIutronw: :
profile is i ndi c gb*af r’gﬁ&&z = The: ‘:Iehr(‘}l{'lrhe I'n Frgure' 210 . '
represents the absorption profile of the Iysozyne , solutlons with nore

sensr.st | veg d d%ttgt(lgg% %1n§t2 d\ﬁgnttf??g&aﬁ_&émq% I%rlrs}et fe :ﬁhe .’g‘gékAl t hough this

el uti"on which is
ext r enel yepgenitnest addedl twhiidepeakntminimeprigse gl dthealsbuter1dracti ons.

The first and | ast peaks referred to the | esser anmounts of nultineric
and nononeric forms of |ysozyne remaining in the coating m xture.

Fi nabl-y, At Rethpge giceesr ddaa &niCdgim Jhiwhearein gihe fsukktimidaoe di ner
|
(éraCt'086u§11%g'Qééa%nt is Qodrandy K4 &Qméﬂégﬁgéscﬂéﬁﬁﬁwg%are

concentrat ed the tangenti al fIOM/syst

After concentratron the purified dinmer is then | yophilized. After
repeating hbthoﬂr@%%%&di gema d&élmtﬂrwﬁéréfﬂhﬂﬂéhaaméﬁiéa%¥bﬁﬁ dimer are
purified, g stllled water, and then are again

| yophi | | 358PSsé Fh&??&ﬁ%ﬂn? r@ﬁﬁrégmﬂeratur?ysozyne dimer is
obt ai ned.

10 8. A method according'te Claim 1 wherein the dimerization
steps are carried out while continuously stirring the
solution. ' '

9. A method according to Claim 1 wherein the pH is lowered
15 by adding HCL. )

10. A method according to Claim 1 further comprising
filtering out undissolved particles after the
dimerization step using a pore filter.

20 o |
11. A method according to Claim 10 wherein the pore size of
'~ the filter is about_0.4—0.5 um. )

12. A method according to Claim 1 further comprising
25 collecting undimerized monomers of lyéoiyme following the
dimerization step, and recycling the undimerized monomers
into the dimerization process. |

13. A method according to Claim 1 wherein the lysozyme
30 monomer solution comprises 40-60 g of lysozyme monomer
and 4-6 1 of buffer, and wherein the coupling reagent is
added in an amount of about 4-6 g.

14. A method according to Claim 1 wherein the ion exchange
35 resin of the first elution step is a cation exchange
resin.



19; . 226%68danpl e 2 - Enzyne Activity Test . The emzyneSéﬁﬁﬁﬁffyﬁi»':.

of the dimeric |ysozyne prepared gn_the present :ixiyentioprgan be -, 1,11
tested using an activity test described in Verhame et,,at,,’5 ..~ ..,' ..”'
| nt ernati'onal Pharnmacy Journal, Vol. 2: 5 (1988). This test is based

duci t,h ' | S | ut I.nt | ubl
deconpostitroft netref SR AHo so MERIPE el 8 Fpe 1 in " StRatoe
ni croor gani swesicelils ixdSephanesey ki and | Wiyt ein nghé Oelut bont of akhe
el i m nati on %firggg IS 1l B carcdBYHEIUNRM 2430 P gzg@q%ﬁ%%%d by

a spectral ot onet er e enzyne ac

For this testNaCd dispemiaphEtavuifecus | ut eus was prepar ed.
Appraoxi mately 30 ng of 15 M | ut eus (ATCC 4698, |iving, |yophilized,
pr oduced by Boehri nger_Mannhei is ground, transferred with

appr oxi mifel § ISLHOGREIHIBh A brake,Tivherein theigel fikkrahieper

flask, and stekfiedcH @M/ dfond el BRIV TES ely SepRaisxat $QO0M
tenperature using a 20 nmagnetic stirrer. xt, the suspension is
centrifugated for 1 mnute-at 500 rpm and the excess i s decanted
into a frneshavestdtlod S3Wdrding td WHEindf1 bidtdesin Phichicne abhtedsprnded
are 1f00 und the 'fr:]LsttheelSu C.inloqlensttep-rhaerés uasrpa yszlé)& fgr Siilzéorzeigme content

using a gel-electrophoresis analysis.

18. A method according to Claim 1 wherein fractions collected
after the second elution step are measured for lysozyme
15 content using a gel-electrophoresis analysis.

19. A method according to Claim 1 wherein the fractions
collected after the first elution step are concentrated
by a tangential flow system.

20
20. A method according to Claim 1 wherein fractions collected

after the second elution step are concentrated by a
tangential flow system.

25 21. A method according to Claim 1 wherein the purified
dimeric lysozyme product collected following the second
elution step is lyophilized.



ﬁﬁ@@@;ﬁpgfnd in order to prevent sedinentation, is :

phosph I's nmeasured in conparison with air, and the

| ayer of thickness is 1 cm Cbrres ndi ng representative sanples of
t he " suspension diluted in this ¢p wi th continuous 30 stirring
are taken out for the test neasurenents
20

prepared i

yE—eHtY are
The test sgmple is

a concentratlon of 1 ng/m of

di ssol ved i ter i mredi ately before the ngasurement is toffake 5
pl ace, and tivity is correspondingly dil utef to 1:250{or 1:25
in distillgd waterN _The test is then carrifgd out at a const gnt
tenperaturdg of 25[ er Nk\C. For this purposef all of the sol utildixs nust
be at 25[err] C, amd the neasurenent is dertaken using a 1Q-
‘tenperaturg-control | ed cu}ette. The cuvett g#vol unme is 3 m,| the

t hi ckness qf the layer of {the test s
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solution is 1 cm and the decrease inturbidity 04\% stal‘t
of WA Hion is neasured at 450 nm over 7 nln bi

decrease per 15 mnute is indicated in a spectral photoneter

(Spectronic 1001, Bausch. & Lonb). The reaction m xture was nmade from
2.95 mM of the Ml uteus suspension and 0.05 m of the test sanple

sol ution. Each neasurenent was repeated twi ce and an average 20 °
val ue determ ned therefrom The rate of enzynme activity as

determ ned by the turbidity decre Is tracked starting fromthe
linear initial range, and a [err] E ( xtinction of t he
bacteria)/mnute tine period is analyzed. The 25 val ue of [err] E/ mnute
is smaller than 0.03, and the ~decree of dilution of the test sanple
‘nmust be sel ected correspondingly. The turbidity decrease is also
det er mmed—TTTa bDrank—sanpre test. (M Trarteus Wi h—water);] and t he value

whi ch ils generated 30 t hrough the cuvette nust f dr awn frqnlthe measur ed
val uesjof the test sanples. :
22
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nmet hod of preparing a purified |ysozyne di rreT pr Gdu@t W

CLAILMS ©* 1. A

C £stng the steps of: (a) SRy

addi mnoﬁrf&ﬁiﬁﬁi};ym Patbritan DUT T €1 raghtiom@n and agy sﬂﬁ&n

th to a J egygeed val ue; (b) addi ng a suberi m date coupling

re w to thixaseneies he Iysozyrre nmononers in the Iysozyrre

S i while Al nt ai i peaerddemt RtofstOEkhE iketie

E)rg) st oppi ng the di rrerl zation rection at a given point; (d)
rifyig th | ysozynme solution lbhy gel

chr orratpggzel l{l&mfﬁ %HL% pdre fractions which are

subst apLt ef YR sed e dineric formof |ysozyne,

char aciggss eg“{hthat the pHin step a) is adjusted to at least pH 9 and

mai nt aippgehmeispiy east pH 9 during step b),
is stopped by lowering the pH to about 7 by

and the |ysozyne diner solution of step d) is
purified by carrying out a first elution step through an ion exchange

di merization in step c)
addition of acid,

whereafter the

colum, collecting the fractions which are subst

Pertviate| vy conpri sed of

t

im Wnich t he pollected fractions fromthe firsy

3
d

he dinmeric formof |ysozyme and carrying out a jsecond el L9|10033u

+-ep—a-e al ut ad
T t

'Egcug!ﬂr

r\.;'J* oot

ala a ) AL - ) ala a 278 a ags

F?b‘d‘ifl’&t““f‘esul ting fr om the sec ﬁ'ﬁ‘“@'?ﬁj‘f’f‘iﬁﬁ*@t’@ "‘i"%"‘t‘:dT‘f"é&'t”éﬂ" ;‘;’B“Z"“ A

IRAVSAR3 121 Q5/USYOR014

net hodBEETRPATIMG 1o daim Miér el s 0 Lon
i | Snmaichy/Apaiicanipertappeyy/p ﬁgﬁ'ﬂw/mwtﬂm@e 3. A nethod according to Claim 2
vher ei HIKh SEABHD PREPUCTS HATER solution is adjusted to pH 10 by
addi ng NaOH.
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23, 4.'*_ A nethod according to Qaim31 wherein the buffer solution is

conpr i sedFWsPPRFdSa; Ratempmtogen phﬁﬁ?@ae PGFW(Q“Q?% buf f er . Officg européanriesiiwevets
accordi ngGl?@ Claim1 wherein the Bling reagent is D&Ried while

mai nt ai ni'ng the pH at about 10. 6. A nmet hod according to Claim1l

wher ei n the SUberi m dat e COUp| i ng Zutreffgnge@gsﬁ@;enﬁl’la%e &QW&'Q%WQLIC%QE&QV&M
suberi mi dat e A net hod accordi Caiml V\/nerel n

n
di meri za% 3%&? ksprache . "Ed‘ E:g h hi' dem AnmelderjVertreter
o ek bsetatons oo 701 B Eﬁifu?“g‘ga N s%‘ﬁpsﬁ@Pﬂf;::‘::s;z':;f:m::m
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9. Al'fethod according to Caim1 wherein the pHis |owered by adding
HC . 10. A nethod according to Caim1 further conprising filtering out

undi ssol ved particles after the dinerizatign step using a pore filter.
11. A fret hod according to Caim10 mhereﬁn t he pore size of tt%ﬁféﬁ%eﬂ33'l
is about 0.4-0.5 [err]m 12. A met hod according to Claim1 further
conprising collecting undi neri zed nononers of |ysozyne follow ng the
di meri zatj on st and recycling the undinmerized nononers into the

ep,
di mor | 7atATIEX 6’ EpeBRQ3e
24 13. A nmet hod according to Claim1l wherein the |ysozyne nonomner
sol ution conprgsesg4Qzhf I I +aRd 43 : . Juyf fer,
and mheré?n the cou Q?ngpgggégn%ﬁgé&gggggﬂg%%anﬁanghg?méﬁ?%tlon un
Rule 51(4) should be amended to include Claims 22-24.

2. The Primary Examiner informed the Representative that
the amendment did not contravene Article 123(2) EPC.
Moreover, she considered Claims 22-24 as novel and in-
ventive in view of the available prior art and in view
of the evidence submitted during the examination proce-
dure.

3. However, the Primary Examiner raised an objection to
Claim 22 under Article 84 EPC. The wording of this claim
was considered as unclear. The lysozyme dimer of the ap-
plication was distinguished from priocr art products by
its purity. This distinction was characterized in the
claim by the vague term "substantially free™.

4. Since the application did not contain any technical pa-
rameters that were appropriate to characterize the prod-
uct clearly, the Primary Examiner suggested to formulate
Claim 22 as a product-by-process claim:"A lysozyme dimer
which is substantially free from the monomeric and
multimeric forms of lysozyme, and from other con-
taminants obtainable by a method of preparation accord-
ing to any one of claims 1-21.

By doing so it was clear that the degree of purity which
was contemplated by the term "substantially free” was
one which could be obtained, for example, by the process
of Claims 1-21. The Primary Examiner emphasized that
this amendment did not limit the scope of protection in
comparison to the present Claim 22.

5. An adaptation of the description is not considered as
necessary.



abgut 46 g. 14. A nmet hod according to Claim1 wherein the ion exchange
resin of the first elution step is a cation exchange resin. 15.

A nmet hod according to Caim 14 wherein the ion exchange resin is

S- Sepharbse FF and wherein the elution of the first elution step?qs?02 033.1
carried out wth a salt gradient of NaCl in K-phosphate buffer. 16. A
met hod according to Claim 1 wherein the gel filtration resin of the

second el ution step is Sephadex G 50 F. 17. A nmet hod according to daim
1 wherein fracthenamendeddtiept: Whichr s intended fiarothe grante %ﬁg@fﬁed
for lysozyne cgatent Wsi BEnaxesl.- el ectrophoresis anal ysis. 18.

A nethod according to Caim1l wherein fractions collected after the

second elution step are neasured for |ysozyne content using a gel-

el ectr oph®r esi ThanBeépsesentative balhewvkedd thedortdiengugyss tadnamagimanith t he
fractions col 'ﬁ&éegcéégeame He EQ?df 'l:?}x%.tt ﬁleuwa%n aHI1RP Y &1eANced ated by

a tangential flow syst according_ta Clalml wher ei n
fracti ons col | 3PEaVatt Ep FH@ tGXt 5P§€'é§|3r&dellt§’t iSe fEe Al PoirdYat ed
by a tangenti ahi¢hbivayeieth the amendments suggested during the tele-

phone conversation within the current time limit.



25! ﬁﬁmtﬂA met hod acrding tQ C aij | ge purified dineric /7/20
| ysozyne r%%ﬁ %ﬁ‘ggcﬁ@d fol | é% R§ Hg3§ cdnd el ution step is

| yophi l'i zed. 22 A lysozyne dinmer which is substantially free fromthe
nmonomner i< and nultimeric fornms of |ysozyme, and from ot her

cofyaim, nan%uments qlgraldlaaq.[ Zf’aﬂ’@{@od of preparation according to any

one of clains 0'21. The | ysozyne diner according to Claim

22 in lyophilized form
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25 . A net hod accordlngg§f Claim1 wherein the purlfled._%agghc

Iyso§§ﬁ%6§goduct collected foll ng the second elution step is
I yophi |'i zed. -3 - '
] 15. A method according to Claim 14 wherein the ion exchange
-resin is S-Sepharose FF and wherein the elution of thg//?
first elution step is carried out with a salt.gradien% of
NaCl in K-phosphate buffer. ' ’
=

16. A method according to Claim 1 wherein the gel'filtration
resin of the second elution step is Sephadex G 50 F.

17. A method according to Claim 1 wherein fractions eluted in
10 the fist elution step are analyzed for lysozyme content
using a gel-electrophoresis analysis.

18. A method according to Claim 1 wherein fractions collected
after the second elution step are measured for lysozyme
15 content using a gel-electrophoresis analysis.

19. A method according to Claim 1 wherein the fractions
collected after the first elution step are concentrated
by a tangential flow system.
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20. A method according to Claim 1 wherein fractions collected
after the second elution step are concentrated by a
tangéhtial flow system.
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25 21,/A method according to Claim 1 wherein the purified
dimeric lysozyme product collected following the second

elution step is lyophilized.

22. A lysozyme dimer which is substantially free from the
30 monomeric and multimeric forms of lysozyme, and from

other contaminants
AN

-23-+-The--kysozyme- dimer ofnG;;;;:3%>obtainable by a method of
preparation according to any one of claims 1 to 21.
» 22,
_24. The lysozyme dimer according to Claim 22 or 23 in
lyophilized form.



