- 1- TITLE OF THE INVENTION BENZI IDAZOLE COMPOUNDS AND
THEIR USE AS CHROMATOGRAPHIC LIGANDS 5 TECHNICAL FIELD
The present invention relates to benzimidazole compounds and their use
as chromatographic ligaands. BACKGROUND ART immunoglobulins or
antibodies constitute a very important class of proteins 10 which are
present in various body fluids of mammals, birds and fish functioning as
protective agents of the animal against substances, bacteria and virus
challenging the animal. Inununoglobulins are typically present in animal
blood, mili, Buwd Jalivanasexati@s other body fluids and secretions. The
biological activity, which the immunoglobtilins possess, is today
15exploited in a range of different applications in the human and
veterinary diagnoﬁ ) ﬁ%%@{%ﬁ%’%&%m URl
above mentioned applicatioﬁ | fE4t Ssome sort of
isolation of the antibody from the crude raw materiaL but each kind of

applicattpoRsdsI ovRMarying demands with respect to the final purity
and allowable cost of 20the antibody product. Generally, there exists
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immunoglobulins giving a very broad range of final purities, yields an

cost of (e PriRKieRlfoHEsddple, see nonpatent reference I). Traditional
methods thr isolation of immunoglobulins are based on selective
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whey afdlpiteshina range of different applications in the human and veterinary diagnostic,
health care and therapeutic sectors.

All the above mentioned applications of immunoglobulins require some sort
of isolation of the antibody from the crude raw material, but each kind of application
has its own varying demands with respect to the final purity and allowable cost of

20  the antibody product.

Generally, there exists a very broad range of different methods available for
isolation of immunoglobulins giving a very broad range of final purities, yields and
cost of the product (for example, see nonpatent reference 1).

Traditional methods for isolation of immunoglobulins are based on selective

25  reversible precipitation of the protein fraction comprising the immunoglobulins
while leaving other groups of proteins in solution. Typical precipitation agents
being ethanol, polyethylene glycol, lyotropic (anti-chaotropic) salts such as
ammonium sulfate and potassium phosphate, and caprylic acid.

Typically, these precipitation methods are giving very impure products while



lon exchange chromatography is another well known method of protein
fractionation frequently used for isolation of inununoklobtilins. However,
this method is not generally applicable because of the restraints in ionic
strength and pH necessary to ensure effici€nt binding of the antibody
together with the varying 10isoelectric points of different irnmunoglobulins.

Protein A and Protein G, affinity chromatography are very popular and
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Therefore, there is a need for new methods for isolation and purification of

immunoglobulins.

Nonpatent reference 1: “Purification Tools for Monoclonal Antibodies”, Gagnon, P.,

25 Validated Biosystems, 1996

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

30 The problem of the present invention is to provide a solid phase matrix and a
method which can be used to isolate and/or purify immunoglobulins with high

efficiency and high purity.



Specifically, the gist of the present invention relates to the following: [I],A
method for isolation of immunoglobulins from a solution containing one or

more immunoglobulins, comprising: 15a) contacting the solution

containing one or more immunoglobulins with a solid phase matrix of the
general formula M-SP-L, wherein M designates the matrix backbone, SP
designates a spacer, and Lg ignat ligand represented by the

structu Nﬁtﬁ%ﬁow% isl%glﬁ thereof, wherein: Ri is -Z-N(R3)2,
-Z-SR3, or -Z-0R3; R2is -1-1, -halogen, -ORA, -Nt12, -alkyl, -NO2,

._30311’ ) N(Rﬁ}g) &Q)éﬂgﬁoag.ba'sé '1(1)5%"?1 tfﬁ)J cﬁ&%qu‘f { ?&?c?f%ﬁ%se nhatrix, formed by
independently--ti or a substituted or unsubstituted a yl; reac

occurréifdengsaidspandéntrd hasinidupinibigad B uipdidodinenantanisl can be
5Rs, forach ACSHIERRATHISHEASRRRAGA Y upiTiBBR I tMBRREglobulins of

unsubstituted alkyl; 2 is a single bond, a substituted or unsubstituted .
allylond ETSHHA S8 VR SR AT BRAERR Bl Wb sl send wit
unsubsifiediad alamygeneith respect to the use of little or no salts, especially lyotropic
salts, in the binding process and with respect to the ability to bind a wide range of
inmunoglobulins. Furthermore, these matrices have special advantages with respect
10 to stability in NaOH, which is especially relevant when the solid phase matrices are
to be regenerated after use.
Specifically, the gist of the present invention relates to the following:
[1]. A method for isolation of immunoglobulins from a solution containing one
or more immunoglobulins, comprising:
15 a) contacting the solution containing one or more immunoglobulins with a
solid phase matrix of the general formula
M-SP-L,
wherein M designates the matrix backbone, SP designates a spacer, and L

designates a ligand represented by the structural formula (I):

n(RZ)\

N
‘ = \>*R1
7y 0

or a tautomer thereof, wherein:
R, is -Z-N(R3),, -Z-SR3, or —Z-OR3;
R; is -H, -halogen, -OR4, -NH,, -alkyl, -NO,, -SOsH, -
N(R3)C(O)N(R3),
LLL_L‘

N LHL N
T LT

N/N\
25 Rs ;

20



10n is an integer from O to 4, provided L is not
2-mercapto-5-nitro-benzirnidazole, 2-aminobenzimidazole,
2-mercaptobenzimidazole, and 2-atninomethyl- benzimidazole; b)
separating the solid phase matrix having indmunogiobulins bound thereto
15from the solution; c) optionally washing the solid phase matrix;
and d) contacting the solid phase matrix with, an ef{ue it in order to liberate
the one or more immun QﬁﬂSBlﬂ‘fgLWSH‘f%lé LSRABALY ﬁ%t?f)& ?Hh?té {jpd or
isolating the inuntinagkobsifitutd@ hklge method of said [I], wherein L

designates a Igand (ERraSElld RYNESTLABIAL (DL of £ IBUIRLEL o

thereof. The method of saic erein L desighates a’ligand represente

by the following struetsvhbtigredidicyl: ' R?s-11 ...,,N N.,..,.."...,_N?'-'4"),N.

N K Pr',)Or R; . forBiach &Ccurrence, is independently —H or a substituted or
unsubstituted alky];

Z is a single bond, a substituted or unsubstituted alkylene, a
substituted or unsubstituted alkenylene or a substituted or
unsubstituted alkynylene;
10 n is an integer from 0 to 4;
provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-
benzimidazole, 2-mercaptobenzimidazole, and 2-aminomethyl-
benzimidazole;
b) separating the solid phase matrix having immunoglobulins bound thereto
15 from the solution;
¢) optionally washing the solid phase matrix; and
d) contacting the solid phase matrix with an eluent in order to liberate the
one or more immunoglobulins from the solid phase matrix, thereby isolating

the immunoglobulin.

20 [2]. The method of said [1], wherein L designates a ligand represented by the

structural formula (I1):

N N—_
R —N/ \ N// {‘
? \ == N N N N N
" | \>—n, or F:f: | \>—n|
Z F
n-i[Rz)/ H n-1(Rz)/ ﬁ (II)

or a tautomer thereof.

[3]. The method of said [1], wherein L designates a ligand represented by the

25 following structural formula:



ti or a tanto er thereof [4],The method of said [3], wherein Rs is -W. [5].
The method of said [1], wherein Z is a single bond and nis I. [6]. The

method o | said [5], wherein R3 is -H. [7]. The method of said [1], wherein
L designates aligand represented by the felewing structural fbrinulas: 4

.S\ 10[81.The method of tat id [ fl, wherein the pFi cf the sohtion
e.ontining ong or more imitranoglohutins is M theN@llge oH.O to 10.0.

[91iThe nietl;rua’\‘o <MI [Imirkhickbone k. agmosg. - & - [In The method of

said [1],Rw‘h?é~@in e spager SPNis represented"m( th g formula:
-(9-CH2C14(04-1)- in mis an inte RO Tin he
method of said [1], the npatriXbdtkboneris agarp e spager

wherein m is an integer from Ito 3; and the ligund L is represented by the

following strufif-sviswnen igreof.
[4]. The method of said [3], wherein Rs is —H.
[S]. The method of said [1], wherein Z is a single bond and n is 1.

5 [6]. The method of said [5], wherein R is —H.

(1),

[7]. The method of said [1], wherein L designates a ligand represented by the

following structural formulas:
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10 [8]. The method of said [1], wherein the pH of the solution containing one or

more immunoglobulins is in the range of 6.0 to 10.0.

[9].  The method of said [ 1], wherein the matrix backbone is agarose.



[121. The method of said [t], wherein the solution containing one or more
inununoglohnlins has a pH in the range of 210 to 10.0. f . The method of
said 121, wherein the soliulon containing one or MDR'. inuntaroglohnlins
has a total salt content corresponding to arbienic strength oral the most
2.0, and 130.r:spin salts in a eflaCtiaintaiOn Of as the most 0.4 M. 41. The
metho id 1Ji], Wherejn the, tion containing one. or more

11TV 00O TEE AL SH G Ho B LG T B St RS i e
represented bipltheigefierahformula: M-SP-1_, wherein M designates the
matrix backbone, SP j er. esi ali
represented by the s{%%%gﬁigén}%ﬁ%’ og? fg %lﬁ%ﬁe{r%%%r%%%rgw e
wherein; R1 is -Z-N(R3)2, -Z-SR3, or -1-OR3; R2 is -H, -halogen, -0R4,
N, Tk, Reophehaiai kabisiiRoz, 10 N or N

5

the matrix backbone is agarose;
the spacer SP is represented by the following formula:
~(O-CH,CH(OH)-CHy)y-, wherein m is an integer from 1 to 3; and

the ligand L is represented by the following structural formulas:

N:‘-‘-‘-"N -
HN /\L‘“‘N
\N/ N HN\
H—w N \
CH,NH,
N
1 , N ‘
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HN
\N/ N\ N
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N N
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[12]. The method of said [1], wherein the solution containing one or more
immunoglobulins has a pH in the range of 2.0 to 10.0.
[13]. The method of said [12], wherein the solution containing one or more
immunoglobulins has a total salt content corresponding to an ionic strength
15 of at the most 2.0, and lyotropic salts in a concentration of at the most 0.4 M.

[14]. The method of said [13], wherein the solution containing one or more

immunoglobulins has no lyotropic salt.



R5; R3, for each occurrence,dependently -H or a substituted or
unsubstituted alkyl;  for each occurrence, is independently -H or a
substituted or unsubstituted alkyl; Rs, for each occurrence, is
independently -H or a substituted or unsubS$tituted a kyl ; Z is a single
bond, a substituted or unsubstituted alkylene a substituted or

unsubstit %ne ora substltuted substlt r%e nylene;nis
an mteggé fro i’gyﬁ IFoudEy tque%‘fefl APTO-B-A S %n2|m|dazole

2- am|noben2|m|dazd>leB—mercaptoben2|m|dazole and

z-aminometryhgnrgesiey 9% 116 SRIARIRSSPALILALSALS 01

wherein L deS|gnates ali represented by the structur | formu
7a- ora tatﬁmatﬁs@régtndlrr})rwets«bhu hhasacHErRBTEaIdfin
wherein L designates a ligangkigpresented by the foilowing sfraettnal

formula: Ntki zofb:1 .6( N -(111), X N
/ N
H

5
or a tautomer thereof, wherein:
Ry is -Z-N(R3)3, -Z-SR3, or -Z-ORj;
R; is -H, -halogen, -OR4, -NH,, -alkyl, -NO,, -SOsH, -
N(R3)C(O)N(Rs),,
/“ﬁj‘i ‘ /Nx\\f%&
Rs _N\ or N \
=N \N _N_

10 Rs ;
R3, for each occurrence, is independently —H or a substituted or
unsubstituted alkyl;
R4, for each occurrence, is independently —H or a substituted or
unsubstituted alkyl;

15 Rs, for each occurrence, is independently —H or a substituted or
unsubstituted alkyl;
7 is a single bond, a substituted or unsubstituted alkylene, a
substituted or unsubstituted alkenylene or a substituted or
unsubstituted alkynylene;

20 n is an integer from 0 to 4;

provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-
benzimidazole, 2-mercaptobenzimidazole, and 2-aminomethyl-

benzimidazole.

[16]. The solid phase matrix of said [15], wherein L designates a ligand
25 represented by the structural formula (II):



or a tatinimer thereof. ugh The solid phase matrix of said [17h wherein ft,:
is 41, 1,191. The solid phase matrix of said [151, wherein Lisa single bond
and nis . [201. The solid phase matrix of said [19], wherein R; is Al
10[211, The solid phase matrix ofsud f 51, %herein h. designates a ligand
repmsonied by the following structural formulas: - 7h - 3 [2->The solid
plume matrlx of said [15]. wherein the matrix. backbone is ag The solid
phase matrix of;a 1151 aspacer SP is repr 5th foﬂ wing formula:

11

-(0-CELCI1(Rt-04 )iti fn_is an integer from lto 41. The solid

phase rn&uix of sai e matrix bac\ta ey Nhe

spacer SP is representedl by t engﬁ;ﬁrmmla 00- cua(Ol 1){0-12), Ry
I and the ligand L is en

satherein in is an mteég by
the Ibliowing structGfal Ibmitilas: [55] A compound réﬁresented by the (I
following structural formulas:

or a tautomer thereof.
[17]. The solid phase matrix of said [16], wherein L designates a ligand

represented by the following structural formula:

N— N—
el | 7
’ \N/ N \N N
\>fn1 or st \>—R,
5 N N (I11)

or a tautomer thereof.
[18]. The solid phase matrix of said [17], wherein Rs is —H.
[19]. The solid phase matrix of said [15], wherein Z is a single bond and n is 1.
[20]. The solid phase matrix of said [19], wherein R3 is —H.

10 [21]. The solid phase matrix of said [15], wherein L designates a ligand

represented by the following structural formulas:



N?-"2Ntni EFFECT OF THE INVENTION TheSOUd phase inaftiN
and the method of the pi esent invention can he used to isolate andi‘or
purl rywith high efficiency arid bil.411 punh - 7d - BEST ODE FOR
CARRYING OUT THE INVENTION Qnmayembodiment of the present
invention is directed to a. method for the isolation of immunoglobulins from
a solution containing one or more Simmunoglobulins, comprising; a)
contacting the gﬁmn containing one or moregmmunoglobulins with a
solid phase niatrix af the general formula; 114-SP-; b) separating the
solid phase matrikhavi YN0 IobulinsFB'au detheretafrom the
solution; e) optionally d the stlidBhase Phatrix; corﬁg&nq{

. . . . H3NH,
the solid phase matrix withean etugnt in order to liberate th},ne mofe
immunoglobulins 10from the solicrphasé matrix. NI td€Signatis the
matrix backboneSHidesignates a spacer, and L designatza ligand

15Ri is -Z-N(R3)%77
or, -0-alkyl, -NO2,

N

HoN N

[22]. The solid phase matrix of said [15], wherein the matrix backbone is agarose.

[23]. The solid phase matrix of said [15], wherein the spacer SP is represented by
5 the following formula:
-(O-CH,CH(OH)-CH3) -, wherein m is an integer from 1 to 10.

[24]. The solid phase matrix of said [15], wherein:
the matrix backbone is agarose;
the spacer SP is represented by the following formula:
10 -(O-CH,CH(OH)-CH3) -, wherein m is an integer from | to 3: and

the ligand L is represented by the following structural formulas;



-S03H, -N(R3)C(0)N(123)2, R3, for each occurrence, is
independently -H or a substituted or 20unsubstituted alkyl; R4, for each
occurrence, is independently ---H or a substituted or unsubstituted alkyl;
for each occurrence, is independently ---H7r-a substituted or
unsubstituted alkyl; - 7e - Z is a single bond, a substituted or
unsubstittited alkylene a substituted or iii substituted alkenylene or a
substituted oy stbstituted alkynyiene; n is aninteger from 0O to 4,
prowded LH8.not 2imercapto-5-nitro- betrzmlleﬂ

; N
2- amlnomethyl -benz . E'Hpreseﬁt inve ther

backbone carrying a pIurailty of fﬁnctlonal groups repre ed byihe
following formpla: IM-SP-L. 10The present invention is alsoXirected to a
compound ﬁﬁé:ese ted by the following structural formulas: RN/ 3

The present ihvegtisq is-directed o a method of |solat| ndIor,purifying
|mmunoglobuI|H com oi@o nta§)mgusolutlon co one ii{kf more
15immunoglobulins w d phage mawices descrilded herein. The
present invention is also ctedL‘to the solid phase matrces de§cribed -
herein. Thus, the definitidns below relate to the method accortling to the
invention as well as to the solid phase matrices according to the invention.
The present invention is also directed to certain ligands for making the

solid phase matrices described herein \>7

or

HoN

[25]. A compound represented by the following structural formulas:

N-':::-N

Va
HN
N\ = N HN
N \: \N/ N
NHz
\>-C HaNHz
N .
1 f N ?
N‘-:-""- N
HN/
\ == N
or B \>ﬂ
SH
N
H
3
5
EFFECT OF THE INVENTION

The solid phase matrix and the method of the present invention can be used
to isolate and/or purify immunoglobulins with high efficiency and high purity.

10



Solid .P hae Matrices As described above, the method according to
the invention includes the use of a solid phase matrix, where the solid
phase matrix comprises a funetionalized - 7f - matrix backbone carrying a
plurality of functionalps represented by thezfpllowing formula: M-SP-L,
wherein M designates the matrix backbone, SP designates a spacer, and
L designates a ligand represented by the structural formula (1). riF2). R1

or a taldSneMABYe 0RHe R RN{s OXKHHESSVENEIRN or ---7-OR3; R2
is -1-1, -halogen, -0124, -N-112, -alkyl, -NO2, -S03.11, -N(

3)C(0)N(R3)20r ,N or tN R5 t 11hl, tbr each occurrenge, is independently
-41 or a substit0tedEPURShSLiRHCITRY M KIB R S QURBHE S FeRERiog or the
independénitn odmasubgtibiiddsdrdtnbsiliviedcatiyinikaRbe fomeaeh

o & s LA s o] QR R AR e
unsubstitinePalRewie Hath p sodidiusetadtoK of Sirozitere doamyiay MdneP-L; b)
separating the solid phase matrix having immunoglobulins bound thereto from the
solution; c¢) optionally washing the solid phase matrix; and d) contacting the solid
phase matrix with an eluent in order to liberate the one or more immunoglobulins
10  from the solid phase matrix.

M designates the matrix backbone, SP designates a spacer, and L. designates

a ligand represented by structural formula (I):

n(R2)
P
‘ \>7R1
7 .

or a tautomer thereof, wherein:
15 R; is -Z-N(R3)y, -Z-SR3, or -Z-OR3;
R; is -H, -halogen (e.g, -F, -Cl, -Br, or -I), -OR4, -NH,, -alkyl, -NO,,
-SO;H, -N(R3)C(O)N(R3),,
b}

N
N
N Rs;

R;, for each occurrence, is independently —H or a substituted or
20 unsubstituted alky]l;

R4, for each occurrence, is independently —H or a substituted or

unsubstituted alkyl;

Rs, for each occurrence, is independently —H or a substituted or

unsubstituted alkyl;



n is an integer from 0O to 4; 70provided L is not
2-mereapto-5-nitro-benzimidazole, 2-amino-benzimidazole, 2-
mercaptobenzimidazole, and 2-aminortiethyl-benzimidazole. In one
embodiments, Ftiis -Z-N(12:)2, -Z-SR:., or7eZ-OREL. In another
embodiment, Rl is -N112,-CH2SH or -0-1,2-NI In one embodiment. Z is a

single bond, a substituted or unsubstituted 25alkylene, a substituted or
unsubstituted alkenyld?te SBels bombitates reheuystRiiyted piylene, a
alkynylene, In anothgiemhedinemubétitut Calkdal Rllsylenehstimasdbher
embodiment. Zisa C I-%%.taltkﬁle e. Ip another embodiment, Z is a single
bond. In one eMbodimert, K2 For ®ach occurrence, is independently.
-H, -halogen, -01r4, sl\H42,ingdksd feddOPRf0-$0314, -1\1(R3)C(0)MR3)2, In

ong € 89%@3 ﬂisl%%ti§-mercapto-5-nitroTbenzimidaz_ole, 2-amin8—%enzimidazole, 2-
Preferably, IR.5 is H In another embodiment, R2 is -H. En another

embodifférPiREIgiRidazelroratkyamHnanahel- MRHBEIHEM, R2 is a CI -05

alkyl, 10In 0§¢mm%ﬁwnﬁé’n M&ﬁﬁﬁfﬁ@ﬁ@@ﬁ@@ﬁﬁpﬂﬁé@dﬁﬂﬂﬂ@@ﬂﬁﬂising a
-1-1 or a substituted or unsubstituted alkyl. In one emhodiment, R3 is -H.

i oo R TR o Gt S P Do S GBHERaRS Fpigocrted
@S a Cl-Bpthe fol]owﬁmgfembﬂnj.ih‘iéﬁ-,LR& for egch occurrence, is

'nﬁi@ pendentlyrh%%gg‘QnSMQgﬁllt}[{é}gg 8@6‘@&8&%‘%@9&%&&&‘ r8hRsented by the

embodiment, R4 is -H. In another
following structural formulas:

NQN

—

N=—\
N HN/
\>‘ \ = N
NHz N \
>7CH2NHE
o .

HN
N\ =~
N

/=N
HN
N\ = N

or N \>_\
SH
N

H
3

The present invention is directed to a method of isolating and/or purifying
immunoglobulin comprising contacting a solution containing one or more
15  immunoglobulins with solid phase matrices described herein. The present invention
is also directed to the solid phase matrices described herein. Thus, the definitions
below relate to the method according to the invention as well as to the solid phase
matrices according to the invention. The present invention is also directed to certain
ligands for making the solid phase matrices described herein.
20
Solid Phase Matrices
As described above, the method according to the invention includes the use

of a solid phase matrix, where the solid phase matrix comprises a functionalized



15embodiment, R4 iS a C I-C10 alkyl. In another embodiment, R1isa C
[-05 In one embodiment, R5, for each occurrence, is independently
-El or a substituted or unsubstituted alkyl. In one embodiment, R5 is -H. In
another embodiment, R5 is a CI-C1 0 alkyl7fn another embodiment, R5 is
a CI-05 alkyl. In one embodiment, n is an integer from O to 4. In another
embodiment, n is 201. In another embodiment, n is 0. In a specific
embodifaHK L2GEbene sapying IR{HIraRYy, qbfwstRngteinteht@rgented by the
indepenmdientingltbanal -C10 alkyl; R4, for each occurrence, is
independentl -%Q_ia CI-C10 alkyl; R5, for each occurrence, is

independently ---H ot a Cl -C10 alkyl. In another specific
embodintentjniMslas@h08s alleyhaR B Packbaoh, SEclesienges issirdepend &ntbgignates
4sor 3 Gbaflp elidefidh (0RASR.AGEH TSR, [ independently -El or a

(21 -CS alkyl; R5, for each occurrence, is independently ---H or a CI -05

alkyl, In another specific o diment, Ugand L is represented by

structural formula (1), wherein Z i i nd\o is 1 and other variables

are as described above for structyral formula (I)}—a—meqe specific
embodiment, Z is a single bond; iNs 1; [ each occurrence, is
independently --H or a C 1-C 10 alk?”}% R4, foerach occurrence, is
independently -H or a CI-CIO alkyl; and Rs, for each occurrence
indepeRB@MHIUREbHSTEItOTES SRy |, In another more specific embodiment,

Zis a single brnd;-n-18(k;)R3zIgrRgagh-pesryrence, is independently -H or

a Cl -CS alkyl; R4, for each occurrence, is i de -H ar |-

alkyl; and Rs,l?é}ségiﬁ%é}cocﬁfflr’é%,’ %&ﬁnﬁéagg?}?jﬁﬁff %y%/#;&%g&@(mb 5
10In another specific embodient, ligand is represented Qy the structural
formula (11): PP/\ 14; 522) or a tautomer ~Wherein

variables are @gdq&éibed bove for structural fo(mula 1). In a more

specific embodiment, Rs isl-FL in anotffer more eC|f|cNembod|ment, Zis
ar]rs]'é?gle bond or a Cl-r@‘S/th‘(yI; and R5 is In angtter sp&cific

e

odiment, the ligand L is represented by structural formula (112):
R3, for each occurrence, is independently —H or a substituted or unsubstituted

alkyl;
R4, for each occurrence, is independently —H or a substituted or unsubstituted
alkyl;

15 Rs, for each occurrence, is independently —H or a substituted or unsubstituted

alkyl;

7. is a single bond, a substituted or unsubstituted alkylene, a substituted or

unsubstituted alkenylene or a substituted or unsubstituted alkynylene;

n is an integer from 0 to 4;

20  provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-benzimidazole, 2-

mercaptobenzimidazole, and 2-aminomethyl-benzimidazole.

In one embodiments, R is -Z-N(R3),, -Z-SR3, or —Z-OR3. In another
embodiment, R, is -NH;, -SH, -CH,SH or —-CH,-NHs,.

In one embodiment, Z is a single bond, a substituted or unsubstituted

25 alkylene, a substituted or unsubstituted alkenylene, or a substituted or unsubstituted



or a tautomer thereof wherein variables are as described above for
structural 20formula (0. In a more specific embodiment, Rs is -11. In
another more specific embodiment Z is a single bond or a CI-05 alikyli and
Rs is --H. in certain embodiments, L is Tgpresented by the following
structural formulas: 8 5 or a tautomer thereof Even though the
ligands are named or depicted by. structural formula herein and in the
followirfty Y8 E the hEMERERRGRS Bt LS rdin g 1t dlsiisaridhanaihar
5discretenbbdiménal £ompoiuad afkgtanahlahiibeyanatdeined, £ shositg:lebond.
understood that the actual li is a radical of such.a compound.
Ligand can b ISbLs oin o s 18 BB ST R BB ot atogen,
position@Rthe&Niaridkyth& GemdebthgiBsiftid)MRes. depending on the
identity of the ligand. The conngecting position of the ligand is the most
u
7

reactive position of the igand under, the reaction cogdition 8§ 10linking the
ligand to the matrilbékbo i example, ligand canb linked at the
benzimidazole ﬁ?troé\' n, represented byothe folIoWg stryctural formula
with the connecting pogitehNenoted with "atn-nn,’ .NNré“s,(id- 9 In certain
embodiments, when R1 is represented by -Z-NHR3, -Z-SHRer.-z-OH,

whereif Z is, @ﬁ%@&ﬁqg{p’ ﬁg@d, -L can be represented by the following

structural formula:
N LQ.L , N 11'1
R5_N N
\ or \\
NéN N/N\
Rs . Preferably, Rsis H. In

another embodiment, R; is -H. In another embodiment, R, is a C1-C10 alkyl. In
another embodiment, R, is a C1-C5 alkyl.

10 In one embodiment, R3, for each occurrence, is independently —H or a
substituted or unsubstituted alkyl. In one embodiment, R; is —H. In another
embodiment, R; is a C1-C10 alkyl. In another embodiment, R; is a C1-C5 alkyl.

In one embodiment, R4, for each occurrence, is independently —H or a
substituted or unsubstituted alkyl. In one embodiment, R4 is —H. In another

15 embodiment, R4 is a C1-C10 alkyl. In another embodiment, R4 is a C1-CS5 alkyl.

In one embodiment, Rs, for each occurrence, is independently —H or a
substituted or unsubstituted alkyl. In one embodiment, Rs is —H. In another

embodiment, Rs is a CI-C10 alkyl. In another embodiment, Rs is a C1-C5 alkyl.

In one embodiment, n is an integer from 0 to 4. In another embodiment, n is

20 1. In another embodiment, n is 0.

In a specific embodiment, Z is a C1-C10 alkyl; Rs, for each occurrence, is

25

independently —H or a C1-C10 alkyl; Ry, for each occurrence, is independently —H
or a C1-C10 alkyl; Rs, for each occurrence, is independently —H or a C1-C10 alkyl.

In another specific embodiment, Z is a C1-C5 alkyl; Rs, for each occurrence,
is independently —H or a C1-C5 alkyl; R4, for each occurrence, is independently —H
or a C1-CS alkyl; Rs, for each occurrence, is independently —H or a C1-C5 alkyl.



In certain instances, tautomeric forms of the disclosed ligand exist, such

as the tautomeric structures shown below: X=S, 0, or N113 10 It is to be
understood that when a ligand is named or represented by a structural

formula herein, all other tautomeric forms.which may exist for the

compound are encompassed by the structural formula. The solid phase

matrix may comprise, as the matrix backbone, any natural or 15synthetic

and organic ofiABPYihRPFREie FRPRAGALSE tolbisriptatsbRY itraptigal formula
phase sppataiicin Biipiciains wnd;ether hiamaleculesmes gre AatREBEd above for
syntheti lysaccharides such as agar:agar and agargses; celluloses, .
ceIIqusSe?rg‘f(i%?g%ﬂrg E%lg )mjélr%%g?osgf/flcleglﬂpogsoef BEMbgkRASt c%ﬂﬁ%gé,s L Rs,
starchefrgachssucteas,go ardgpendenthy0-Haorch gLint d0aibig ;R urfateatth

QU UagRGARIDe AL AGRB AYTy AR CAN I TPCGHIR TRUBS pocurrence, s

dextrans; chitins; chitosans; alginates; carrageenans; heparins; gelatins;
synthetibdseparary sitpras<ddiyamibes Serelsiipniacppriftgadediment, Z is a
polymethage\Hamiges; PRl iridash PEMaSIRES i PR Rkt ROIVBLHTYLOY alkyl;
5compaungds such as polyvinylalcohols and polystyrenes; polyalkenes;
norgar MR SHERTIS I BGIS W AL & ks 26 LIS A Raor cach
includingamengh dumdiheadamdlyqirhotzg Siligasakndtal silicates, controlled

bqe alasses AnghEATIES NGRS A0 8u0RSOLARIBIANAI Blra
these natural or synthetic and organic or inorganic materials. 10The matrix
backbof?éni’é'lﬁr@?}érably selected from agar-agar, agaroses, celluloses,
cellulose ethevs-siich as hydroxypropyl cellulose, icarQpxymethyl cellulose,
ponaer_sN uch as poly(meth)acrylamides, poh/éinyl Icohols, silicas, and
controlled poxe ecially interesting so‘i{\ﬂ [

. N )
matrix backbones ar 0. |
Ry Or Rs

Iz

n(R2) n(R) g n,
or a tautomer thereof, wherein variables are as described above for structural
formula (I). In a more specific embodiment, Rs is —H. In another more specific

15 embodiment, Z is a single bond or a C1-C5 allkyl; and Rs is —H.

In another specific embodiment, the ligand L is represented by structural

formula (I1I):
== N—_
/= /]
Rs—N
\ = s N

(11D),
or a tautomer thereof, wherein variables are as described above for structural

20 formula (I). In a more specific embodiment, Rs is —H. In another more specific
embodiment, Z is a single bond or a C1-C5 allkyl; and Rs is —H.
In certain embodiments, L is represented by the following structural

formulas:

35



5

10

15 agar or agarose beads such as Sepharose and Superose beads from
Pharmacia Biotech, Sweden and Biogel A from Biorad, USA; dextran
based beads such as Sephadex, Pharmacia Biotech; cellulose based
beads and membranes such as Perloza gellulose from Secheza,
Czechoslovakia; composite beads such as Sephacryl and Superdex,
Pharmacia Biotech; beads of synthetic organic polymers such as 20
Fractogeifem Toso-Haas, USA; POROS media from Perceptive
Biosystems, USA, Bio-Rex, Bio-Gel P and Macrs#rep from Biorad,
HEMA and_separopfiam TERSEK and Hyger D and Trlsacryl medra from
BioSepral USA, nzacrylTand Wzlactone, 3M\ USZ
materials such ag) control ed po g atk: PRO§EP frg Bioprces%w \H
ites jA the”  *

, s compgsites
form of beads or mempranes”such as ACTI-DISK, ACTHV
CycIoSemtr\m Arbor Technologies, USA. Typically, the matrlx
backbon/e as '\ eII as the resultlng functlonallzed solid phase matrix, may,

present invention, the'matrix isiin the form of i’rregular Sp
with sizes in the range of 1-10000 Rm, preferably 10-1000 Rfn; such as
10-60 Rm for high performance applications and such as 50- 500 Rm,
preferably 50-300 Rm, for preparatlve purposes A patrticular

, : atrix in the form of a
conglomerate comprlglrng density ca trolllng partices.\these
able in large scale operations

for fluidized or expanded bed ¢hkomatography af well as different

batch-wise chromatography techniques ir? non-packed columns, e.g.,

simple batch adsorption in stirred tanks, are described in the WO
/??087 ?/%%I’?’l%r‘??e?eby incorporated by reference in its entirety. 10The

Irgands L May bisoafiacheldamthesolishpibsedsiatesibbhytanyiydeodiula herein

coval nown ers to be applicable forthrs ur elther

g T e S B i e e ot R i fona

or Idysarmed&dmgammn@ffthm sﬂindlpfhaserma‘amkiortehdiedhgendderstood

Wlt |table known ers kin 0SS to li m tr|

P e e e e o DR A EUA Y B bgtco the

aremrohbﬂ@hydpmt drﬁfmemmbydw;@Ipbgrlgtcldyfeﬂa:elnghm}eﬂmmd@meum

as butanedioldiglycidylether lo: e ub uted a |ccom unds
Osmodl c%ﬁlgrgoé{%?oﬁ(glnglogﬁlﬁ)l/ sSu neﬂ%aﬁ%ny dilmidaZ6 (épgng position of

aldéieyl@mSumﬁlamghntmactdrahdﬁwdm pfjtindizasd ayaieo genrérativideondition for

rlll% ?:‘gjheul ?@tso (ElléJ rrpla[[?&tga%ﬁ)mdat ocr:%rbOdlitFm g)s can be linked at the
chloro zrne such as cyanuric chlori sulfonyl chforides such as

toslyén:hmrrﬂ\eelamnhtogsyl chiondesdMshydridjosuagisimeti@a] formula with the
2- fluoro meth nium oluene-4- sulfpnates; oxazolones;

ma 8%? ynd% |sunlf)deéits ﬁ@dré\{l\dz}% and allyl bromide/bromine.
Among these the activatingR:#agents leave a spacer group SP different
from a single bond, e.g., epich R '
25glycidylether; bis-epoxides;
divinyl sulfone; aldehydes; qui

embodiment, the spacer SP is represented byth formula
-(0-CH2CH2(OH)-CH2).-, wherein mis an i er from 1.to 10. More
specifically, m is an integer from 1 to 5. Even more 30specifically, m is an
integer from 1 to 3.
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In certain instances, the activating reagent may even constitute a part of
the functionality contributing to the binding of immunoglobulins to the solid
phase - 12 - matrix, e.g., in cases where divinyl sulfone is used as the
activating reagent. In other cases the actiyating reagent is released from
the matrix during reaction of the functional group with the matrix. This is

the case when carbodiimidazoles and carbodiimides are used. 5In a
spdaitieramnbodbrdnictine whtivaing agpecicistal lplybromid®hramBieé, or —Z-OH,
The above mentioned sibilities makes it relevant to define the

M cirdiohen s o el SRR o P
In thermpuésent context, the spacer SP is to be considered as the part of the
activ&%r:g reagent which forms the link betvig n the matrix and the ligand.
Thd‘é, er SP_cQrresponds to the 10activatiryyeagenty and the

couplin ' invoNed. In sgipe cases, e.fl., WhenyJsing \r
carbodi|mides, the activayingzeayyenttprms an| pctivated|form o amasix—

ent/After couplingg no parts of th ating reagent
is left betw the Iiga,'ﬂd and the matrix, and, thus,"SP is simﬁly a single
bond. In other cases, the spacer SP is an integral part of the functional
group 15effecting the binding(Fgl}aracteristics, i.e., the ligand, and this will
be especially significant if the s?pa compiises functionally active
sites or substituents guch as thi , acids groups, sulfane groups,
nitro groups, hydroxy groups, nitfjle group$ or othergdups to interact
through hydrogen bonding, electrqstati ing/or repulsion, charge
transfer or the like. 20In still other casgs, the spacer SP may comprise an
aromatic or heteroaromatic ring which plays a significant role for the
binding characteristics of the solid phase matrix. This would for example
be the casg fALINIRGSRESNIRIOIBAINRR N GF U IRL BIANAIPBAIERIS as
for the solid phase matrix or the ligand. 25In certain embodiments, the
spakefagmeashigletwshahoma bitkatical derived from an activating
reagent selected from epichlorohydrin, allyl-glycidylether, bisepoxides
such as butanedioldiglycidylether, halogen-substituted aliphatic

com%N ch as 1.3-dichloropropan-2-ol, aldehydgs,such as glutaricy

dialdehydey di ulfQQe, quinones, cyanogen bromide, o 2
such a Eyanuric Ochlo -flgoro-1-methytpyrigtnium
toluene es, maleimides,

X =35, 0, or NRy

It is to be understood that when a ligand is named or represented by a structural
formula herein, all other tautomeric forms which may exist for the compound are
encompassed by the structural formula.

The solid phase matrix may comprise, as the matrix backbone, any natural or
synthetic and organic or inorganic material known per se to be applicable in solid
phase separation of proteins and other biomolecules, e.g., natural or synthetic
polysaccharides such as agar-agar and agaroses; celluloses, cellulose ethers such as

hydroxypropyl cellulose, carboxymethyl celluose; starches; gums such as guar gum,



oxazolones, and hydrazides. - 13 - In certain embodiments, the
spacer SP is selected from short chain aliphatic biradicals, e.g., of the
formula -CH2-CH(OH)-CH2- (derived from epichlorohydrin),
-(CH2)3-0-CH2-CH(OH)-CH2- (derived_fjgm allyl-glycidylether) or
-CH2-CH(OH)- CH2-0-(CH2)4-O-CH2-CH(OH)-CH2- (derived from
butane-dioldiglycidylether); or 5a single bond. Due to the risk of
leakad)guoih arabécial (. ghatite dianchgaciah i hecspasen) fom saadich ghase
matrix {'rr{to theiﬁlut d grod.u ti&eﬁg. thte ir?lmu og| bulig}rthe rHer_cHlarrin ,
el B AR figEnd Or s THARY £HRe aBtcharefa: s reccnans; hieparins;
adgahtage cysiyiatioseyasriowchsap pedyblai dasmaghrad naviyrackl afidingnd
protg'ln Aétgroterl'# G ssynt?etic (}O_pe tides and other relat'ivelg hig{lhn

A Wit g antR (e g iy eRy Rt aritingy e cifficeit or even

5 imposgiblentls segasatebnymdidaskaddigahgddlyptioaatly fotludiagetenorganic
spacen) { rir’?”s‘lfctl?aes'%“ﬁgé@sm“a?é’f% Dl due o theRmal d“éfﬁ%elﬁc%m hous
between the respechve molecular welgﬁts and the natural tende cy ot the
corsiponendsqimbimditaasacietetivdicaftis amatyollade ard etrispariad effechics; metal
th03%&%%%%%?{&5“&%%kamn%'{;‘@@'soc?f“t 1i8 108 Hsed r?t%e{ iher %%%h‘liﬁ or
agent causing allergic shock or other serious symptomg in the patiert. The
smaltegdhe metegalar weight of the ligand (including its spacer) the more
efficient caf any leaked ligand be ated fr he immunaoglohulin

10 e, A B T O TR S s,
motelulasessightlobethehigamdforsthedigayierapd cetlalpsec onfhgaye)cdhyhat
20 ial whic thav e ted from,t 1
e BN PR AR HRTHER, icas. and
mirientnoiled antigehitsiey. the lower the molecular weight and therefore in

generel e RIEINAMMOIEAERAARLE MR SIARNEMRNO0ETc, g co.

molecular gan re preferred that the ligan

15 hagganuleguietebeiglstsbeliow Sathambaitah Spreferalbigade lsanBiaDaiwa,
MOgs RLele @bl Beiaw §V%%]é? AR, SHEL-AB PRRW 2R R8I BELNER ch as

below 200 Dalton. ith respect to the ligand-spacer arm conjugate

(-SPephaites, PlefonpsdhtBaattied; mdlatenabeveibbeddsouidmsobrBasenchove
pr%ff’o‘%‘é’&%‘&Wsé‘%}ﬁ@%%ﬂe%@9&9@%@9&5’%%&&6&‘@%&‘i‘! %WSephacryl

260 Dalton. 30According to the invention, the matrix comprises ligands

whighl Sidnerdstorihammcteiisiteatioboadthos SpdeeicSPeme RalEmertesuch as
20 Maftix RACKRRNE ITAKAILRASERISORBS }Heﬁﬁ"fﬂ&ﬁ%@?«?&ﬂﬂ@&'ﬁﬁ%&lﬁ{& USA,

It is found that a crucial part of the ligand is a substituted benzimidazole.

It iPemRsagBirthiat B aaindirciadticor inedtiniade DEMA diftbbenatigufias
defi‘ﬁ’sﬁﬁ%ﬁhﬁ@yﬁlﬁ BAINE MHRUPHRACKARNR MY I83F 10 G82Bn zacryl and

advantages wit
Azlactone, 3M, USA; beads of siliceous materials such as controlled pore glass,

PROSEP, from Bioprocesing, England and Spherocil, BioSepra; and coated silica
25  composites in the form of beads or membranes such as ACTI-DISK, ACTI-MOD
and CycloSep from Arbor Technologies, USA.

Typically, the matrix backbone, as well as the resulting functionalized solid
phase matrix, may, for example, be in the form of irregular particles or spherical
beads, membranes or sheets, moulded surfaces, or stick. The solid phase material

30  may further be fully or partly permeable or completely impermeable to proteins. In
a particularly interesting embodiment of the present invention, the matrix is in the

form of irregular spherical beads with sizes in the range of 1-10000 um, preferably



5respect to high binding efficiency and/or high purity of the
immunoglobulin. However, in an important embodiment of the present
invention, all of the functional groups on the solid phase matrix are
substantially identical. It may also be foupgd to enhance binding efficiency
and purity of the product by coupling the ligand to a matrix already
comprising negatively or positively 10charged moieties such as positively

chaigedoaning wksLps10r6rgatiteljighagesheanejtieaidns ulidrigcacid 50-
or phosphonic acid grougolsQj The ligand concentration may also be of

majdP ighiRERED R the K0 HEEOAIPERRAEALEET B8 matrix according

to the inveQtigRi@Mr idtbeRnd TednsbPWA NG LGS LR8I Satrix in the
binding of immunoglobulins at one ligand concentration, while 15an

incfeHRO TR SROBIIAI S SeBFsiRm IR E Y ERpRrsESHethd Brgiing
5 selestivitynAatés, Welldinaw st I8 sppl kiR iN4hR sehtoegRigfdieafd fluidized

concentrations may lead to strong binding of unwanted impurities by

meChSandest hsdinpierpisry po ey Dbenddletrn hythay isre foareabarphy
spasgthRudbensidplase hackhrneolf thajigmacraasapiistion isfedtanks, are

low, the ligands will be spaced 20with larger distances and therefore not .
calSEtHREiRARG WM IHES By B SRoRn i pIRSRisd Whtsisence in its

neggﬂyﬁ}e_ffect of too high ligand concentration is the risk of binding the

wanted protein, e.d., the immunoglobulin by multiple binding sites. Such a
10 muttiple b%fidb%?ﬁaﬁe@&x%ﬁﬁa&‘iﬁsgqﬁ%@ ae&%ﬁf‘e%?t%é?i ?@.@r},ytwge of

imrsinggiobutio Witwampanrreppatpsidtior kuftars fugone énskanses dikect

may even 25be necessary tg utilize strongly depaturing conditjon ,

G R RO B LI R RSt R Gy @ preceding

substitieenselithhalse phassieesenvitiod ossHef IniateDiciah aclivith RS @&gent known

consequence. . Ligand conpcentration of solid phase matrices be

cisBRSSE 0T LB RS R RS IABAGESP ARSERAING eadabemples of
15 coraehiaiishldéa disalora gorrSHarnpichtcabliganal, ppesem gerdaiarnl gl

dry matter (e.g.,.in Rmol/g dry matt ‘? This 'ﬁi@e result obtained directly. if

for BABHEETAS N2 RERE St P o P U e By R cd

driatifeagic feegenddes)baandieshtdrthpraplidaphdistmmatrifone;15 - The

Iigang)con ntration m ,&Féc,) ever, also be disclo Eﬁ?’ the.amount of

g BPLEHPSHE R IBn S AR <BITE s sRipgcpafagnoeen

ofténotaféstgdtio &igsconadn hpackrehbedtmpériodald)isab adiiguik:sybidbris triazines

easily calculated frgm a determination based on dried solid phase matrix

20 e. é.’cg %qugelraﬁllc rr?%aTPer} ,ens[%lgg)a@ c%lorlacli%s sucﬂ as tosyﬁ chqo% es and tresyl
chlorides; N-hydroxy succinimides; 2-fluoro-1-methylpyridinium toluene-4-
sulfonates; oxazolones; maleimides; pyridyl disulfides; hydrazides; and allyl
bromide/bromine. Among these, the activating reagents leave a spacer group SP
different from a single bond, e.g., epichlorohydrin, epibromohydrin, allyl-

25  glycidylether; bis-epoxides; halogen-substituted aliphatic compounds; divinyl
sulfone; aldehydes; quinones; cyanogen bromide; chloro-triazines; oxazolones;
maleimides; pyridyl disulfides; and hydrazides. In a specific embodiment, the
spacer SP is represented by the formula: —(O-CH,CH,(OH)-CH;),,—, wherein m is
an integer from 1 to 10. More specifically, m is an integer from 1 to 5. Even more

30  specifically, m is an integer from 1 to 3.

In certain instances, the activating reagent may even constitute a part of the

functionality contributing to the binding of immunoglobulins to the solid phase



5 matter content of the hydrated solid phase matrix has been determined
at the same time (i.e., gram of dry matter/ml wet sedimented solid phase
matrix). Still another way of disclosing the ligand concentration is as the
amount of ligand present in one gram of jyet, but suction drained matrix.
This figure is again easily calculated from a determination based on dry
matter, if the solid phase dry matter content per gram 100f wet, but
suctiamiglraige throadeixwias héeimgkielfoirad adcthesshmetivagéing reddeus, In other
the li an% co certltratlon of the s “de%hf‘ nﬂatrlc S oé the mver{tlon |
pre‘fera y i ‘éarbr‘?grea(%ef 5 g 1gllry er}xo 90 p aé%nrﬁa rx,
sudbmdlﬂﬂ@%ﬁmﬂi/@p,emmmmréfhmhl%ﬁ@@s@%ﬂqﬂrmb@dnm@ﬁmﬂ@rand
250- 975 Rmal/ghor the.ligand concentration the solid phase matrices of
the mvenhon IS prefera%ly in the 15range of 1-145 Rmol/ml of hydrated,
5 sedimentdd seficciasmimdinensubh asi&ﬁ)ﬁhg&gémdh/mlyhmmeﬂambiye
15-100 Rmpol/ml, in part cular 20- 8 ol/ml: or. he I| atio
the solid F%S@Pnatﬁlces O?GEPI ?ﬁ%)enfpé h %lapr%sfera%lﬁ/ |nqthe ran Hl p tesence of

1- 1:800RtookY spate bl sudtio theaimed>shidphhsdipaattik, sIucthealsrds@ﬁtb(Ontext,
nﬁiﬁl gts)ggeorr Iie S ﬁb%zodl Oodﬁmgll ot 83 tlecelljc!?lvii On90 Rmo /g/hlc% forms
Synthesis of So id Phasé Matrices enerally a’soll d |§n hatrix may
be tlier]uﬂihedvsmethetmamm@eﬂwhgmdtlymmsedlhgamts SPthapspseds to the
mverEl\(/)rt] r?.CCOé’dln ﬁp&,ltehgou 1novrve FSe,.e \% Cc?tl\iatlon of the matrix hen
backbone Wwith %suna e reag own per se ]gfe loweé)%ly couphn& of
thwbgmwchtqu&vaﬂwammmga:ckgunépupﬂ ananylmt@%rﬁ@natwfgfa: matrix or
sp e t
ASh ﬁgﬁé"i@ P Aﬁé‘ﬁ@'ﬁgﬂ( il f‘agt of owe 'P%a% ?%A:ég&% g

spacer to the acti ated matrix y Cco
ligdetintecththg igeed viad dhsuitabrie, codddnsatibn s eag@ntaoriesierbendecond

tivati f I t
Ceence i oGS of ediets sy Hansea SR B Sl g g

15 co@(ﬁfe@tlagdhmbmdmgﬁhra@kmaqm be ,dbm\lraanédamltﬁlmwsﬂj@@umpt@lly
95 %Sﬁﬁtﬁ*?hé’fsﬁﬁ@&“é’ﬁ YRR KU AR A @E“E oﬂ‘@ﬁﬁﬁﬁﬁf&ts such as

llanols etc. In"- 16 - some cases, It may prefera to activate or
demg@m@dsgandlmgteanswulfenﬂamxmmmg@fmm\mediwﬁ@mmrﬂe

png\% rsieriioapd e snlld phasemalRAThang, bt

d method nthesmng a solid pha rix according 5to the
|nvbm@ngtﬁ’erm&iﬂwlb&&mgmédgsﬁﬁgtoréh@tbbﬁwnh a reagent able to react

20 With the matepy pagkpone anek hereR BGHYAS il G0 FRaglign with

the ligand, optionally washing away the activation reagent followed by a
reaferpaomatisctivaetiphatdy baskiivfieanitels Sulthiohiedimpekangrthistics of

ligapd and BHQWQMQ”%%WW%P g ssolidhPRase MA S nes or

comprising the covalently immobilized 10ligand with one or more suitable
solchionatasariny hsecrisadingaedvapiusagsadtdatdghe solid phase matrix or the

ligand.

25 In certain embodiments, the spacer SP is a single bond or a biradical derived
from an activating reagent selected from epichlorohydrin, allyl-glycidylether, bis-
epoxides such as butanedioldiglycidylether, halogen-substituted aliphatic
compounds such as 1,3-dichloropropan-2-ol, aldehydes such as glutaric dialdehyde,
divinyl sulfone, quinones, cyanogen bromide, chloro-triazines such as cyanuric

30 chloride, 2-fluoro-1-methylpyridinium toluene-4-sulfonates, maleimides,

oxazolones, and hydrazides.



In some cases, in may be possible to combine the activation and the

coupling of the ligand by mixing the two reagents and let the reactions

take place in parallel. This is a great advantage as it saves costs and time

as well as minimizing the volume of wastgywater. Thus, the activation and

the coupling step is preferably performed in 150ne combined step.
Furthermore, it is a significant advantage if the activation and/or the

coupling rhamimimeumﬂaﬂipmfmsmbﬂsmmmtﬂﬁhmmmcbdbfaﬂd shiganiain aliphatic

solyents 9 the reaelion medium, Thesg ofgaNE soluents e Qe SR 19,ir)
solubiliz&he ealivereagents or rolysis of reactive

spe@ids, arOKept At Onirali. (Hmmddrpmalzﬂuglemﬂgdmheu):cﬁol@é{m}H(OH)

IheGtE T Al e U D o R R e o

5 of thensgkvbntsithemselves. Thus the activation and/or the coupllng

procedurq#he reac%?fii)s'% BFt, foﬁ gcég Itg o I"Q Ci&n dﬁn?%%f(s? atr}\ﬁl rga{]lc acer) from

solvent t on me n certain e present
inventibd luhfdicentmiKM@WOMIGMS@&GWMUMWDM}J%@ ifiplecular

(I and,( o)fgﬁasﬁ“be (gr vell a?r gcific em derlp:g t, the co i eopagzc{)osen

the prgse inverton | om Oé)(ﬁOWI gs uctura

17 as l@NTd@lem@uAdsudesdrd:)eldaa]boﬁeseg\mmsmg@mt&)n Krepartimgjic
solld}%h se ﬁces fthe res nt |nveqt|on

erre atlvel h €1 ?flbed hirem 5 l OlaHlaplt may
of tm unogi‘1 ulins lPt € method of the | pre Seit invenhtion
forbsala?m’mnlobnﬁmunm@hﬂ&ihhémapawwwmwemwmmpepsa&y) including

b the sol i
;qalt#bl‘%( \I/?/é qrfr?%o%%gu fin soT{nu%ééi(?[% was Eat% Iﬂg g}?g %Lase <(sebetween the
sepM@Wemhb@dhd\phghe Mhhe@omtlmd@hﬁiwmmmpmmmuind to,
immpRogie “‘1“H1 H&%e;{a}f O ?e%?é& PSR wherd tRaY:

however, epen he speC| ic application whether all steps are
15 perﬂormed@abhlmmt@foamaﬂd Thaghehapeutly azantieaosingtelber gikesttask or other

Wasﬁf&tﬁgs [RligngR H@ﬁte'wﬂgralﬁammmﬂ%mﬁl m%gqtb%e Jisand

ing, a generatl steps may or may not be per or accor

to thvechpbiniivyeppdrshients s eﬁﬁmna@rtheyabamhdmﬂmhheﬁepﬁmtq%@m the
of the SERAIBHANSHERAEPERASRL 5 AR 56latB IS8 REIMWMhe smallest

Equilibration
possible molecular weight of the ligand (or the ligand-spacer arm conjugate) is that

20  any leaked material which may not have been separated from the immunoglobulin
prior to injection/ingestion in the patient will elucidate a minimum of antigenicity
the lower the molecular weight and therefore in general be relatively more
acceptable to the organism than higher molecular weight ligands.

It is therefore preferred that the ligand L has a molecular weight below 500

25  Dalton, preferably below 400 Dalton, more preferably below 300 Dalton, such as
below 250 Dalton, or even below 200 Dalton.

With respect to the ligand-spacer arm conjugate (-SP-L), it is preferred that
the molecular weight is below 500 Dalton, more preferably below 400 Dalton, such
as below 300 Dalton, or even below 260 Dalton.

30 According to the invention, the matrix comprises ligands which either alone

or in combination with a spacer SP (and even the matrix backbone) make it possible



Before contacting the solid phase matrix with the immunoglobulin
20containing solution, it is preferred to ensure that both the matrix and the
solution are in a condition resulting in the wanted binding of
immunoglobulin. In this respect, it - 18 - ypay therefore be necessary to
adjust parameters such as pH, ionic strength, and temperature and in
some instances, the addition of substances of different kind to promote
binthgndfiimmumogiibbiuhin tharetdoritaspfiereinthbirding ofl ipapuwities liphod is a
it is an ot%ttio(p | ste 50 ?rform an equilibration of the solid phase 5
usg € en211aézoe. . S S
matrix by washing it with a’solution (e.g., a buffer for adjusting pH, ionic
strength, étds,confergdtbtintredootlnnativa détergenthdxingitiy théfereaeBgamys
ch teristics. to the solid phase. Contacting 10 n the solid. phase .
e TR o Aoy SR LS el SRR A g wio
5 comtapticig@hels bintiore edfitagningaodeohigiopearinynot fegiobulinszinbyl ine
periprmed.eiher it apacked ped colymn gt in & didiedicxpanded b6 ciional
column containing the scﬂldﬁrf)]hase matrix. ?r%ay also be performed in a
singrteipatchtiopsrhd phavt erettixeasolicbptaasel madertisainixed with the
solution fgr a certain, 15time, to allow binding of the immunoglobulin(s).
Whenevel (15 SOl o SIS RN BRI Uethe product
sermpampéap |t enegaidan esoitshedisidh ecoptacingegagenratipositively
performed by .pumping/forcing, the immunaglobulin containing solutjon
10 B SRS e
sheethoxghisiaadhatl thei@acidhonplogidtwulins@dezoaming in close contact
with the I'%@% 4R c%%'ygt%g 8811t aS"%:ifs%ct?e%%gj’o'ps' gipl%gkﬁléfor the functional
structures. Burther gui elines for this process-are given in "Purification
Toslsfastttishosioimmatiibediesting &g HennPentatidateceBigayd twaysshow a high
19%%%%% X\i?g 08 e bil’ladfﬂ? 89&5%&9%981}?81@&9&?&5 f f fwént}gﬁon, while
immunoglobulin containing’solution, thére 1s an optionally performe
15 waghimgrpaseatltire igamhvoneentiobondesvlisosalyldsweasd suthstansbsgsuch
as Qieripoteie RPAUAIRIE 3CIR.05 AhRIIMAYUUSS, oM A
Howevelr?]{i:[ somle cases Whereoveéy |'S]I8gﬁh pur%ty of the 30 imm%néé?obulin
is rromesiticaliorenpvashidgi e siced reding derowdtied sapingias by mechanism of
pr%ﬁ%ﬁ%ﬂ%ﬁl@ﬁ%iﬂ& WaRHIRd R H%Qﬂdé%l%tﬂf‘& 43885 WRELR ¥AMIQq

purity of the immunoglobulin is needed, there
phase backbone. If the ligand concentration is kept low, the ligands will be spaced

20  with larger distances and therefore not cause the binding of impurities by binding at
multiple sites. Another negative effect of too high ligand concentration is the risk of
binding the wanted protein, e.g., the immunoglobulin by multiple binding sites.

Such a multiple binding may lead to difficulties in releasing the protein, e.g., the
immunoglobulin with an appropriate elution buffer. In some instances, it may even

25  benecessary to utilize strongly denaturing conditions and/organic solvents for
release of the product from such to highly substituted solid phase matrices--with loss
of biological activity as a consequence.

Ligand concentration of solid phase matrices may be disclosed in several
different ways. One way of describing the ligand concentration is to disclose the

30  amount of ligand present per gram of dry matter (e.g., in umol/g dry matter). This is
the result obtained directly if for example the ligand concentration is measured by

elemental analysis of dried (e.g., freeze-dried) samples of the solid phase matrix.



- 19 - may be employed several different washing procedures with

different washing buffers before elution is commenced. The washing

buffers employed will depend on the nature of the chromatographic
adsorbent and the ligand binding the immgnoglobulins. The 5 washing

buffer should not disturb the binding of the immunoglobulin to the

adsorbent, i.e., pH, salt concentration and other additives should be
adjﬂ]hee@gsndIaahowﬂ;ratﬁenmmaﬂteddmpwlti@beaddscmmmﬂeéthmobyt of ligand

swgq?le%ﬁ SL{bStItUtIOﬂI%]; et oleucﬂcr)nr%3 co S%l %% lﬁgg els d prﬁsent flerr ﬁgo as
&8 Bentwith ewas PO ComDBINAtioR herews
alsomeiehpmgadhmdmnesrhaxu ﬂ‘d:htmsthef“@ﬁmdzshmdiemteéﬁﬁg veleslsiteg Hbm a

|mp rities boun tot | e accomplished either iy changi
EOITOATE SERSS BB St AP B Ao 8 oDy the dry
5 whmhttaﬁeméam@ﬁnmeﬂy&eiwdvsmle|ﬁmgéhﬁaad§h69%é@ﬁmaﬂmmmyﬂw@me
thereb |splacm ur| om th adsor e washin
(Or T (8 A SR O R 58 VLG 15 BFShe Sl rother
perfaymgdlischrdes thdagmﬂbcrﬁimmﬁi@asa fscumtﬂwﬁﬁiuﬂodﬂf tigatriprgdien one
|mmuno§lkobull%s and.in o dert remov g eof biomol culxé ted f
EIFISH ElutSh BYtRacHSn Eq%bu %}/ ﬁﬁf}%gﬁ% fcpjpted from
contdetinmiz@tibe isolid phaﬁse m&twg ﬁﬁhmrdﬂldg)hbﬁabw mehtter content per gram

imm no Igbulln%Wn a solu tlont atr easﬁF the m oglobul%n from

10 on drai matrix same

the d%nd on‘the matrix. The |mmunog oBUlin S Here y reTeAS8d ints the
solution aiﬁﬂusambeguadh:edqmutmﬁmeomamliﬂmmmuhmlm playiedricention is

releas im Iob ns yhave fferen characterlstl

(R CIRAPIVAR D Ter Bl e e athe GhACTo P Dty &
mayobaem)qlﬂiﬁﬂgeM&Hp@ﬁﬁisryabmm)qﬁﬁaggh 1@@}{%@& PB0EE]LUEB]/g; or
and/or it may comprise organic solvents (preferab%g(:)nly small amounts)

det®yEad TRsHUREROBI ﬁ%P%IBH%%EFH?é%%% BB RLitdeBrably in the
15 chaaggédﬁ1the¢%eu%f$%pspﬁyame@r§eafaaiﬁa geneialiempioyedich as 10-120

Elution may also be performed by applying a solution gradually changing

tha@@ﬁdmhlmg isierBiNgihg- 10 homelimeling paviitons z8groesdunt or the
bee éhﬁ@é%ﬂﬂ)éd&e{?w@ﬁ?@sgf AL ONGE BRI PRRUAR DAY Ghe

eleased from the solid phase matrix - 20 - into the eluting solution,
it rmalygb@féeb%wdd}/@wmlbwmﬁerednaum@@mpéammmnsmh gelfhl10

the mo?} Slerz g%e%a erab'i‘eiﬂ“?b‘(‘)”"l% ulln m SPE‘PES% |rect without

any in man Instances s corcentra %rocedure
20 would be preferred e.g., ultra-filtration, freeze -drying or preC|p|tat|on (e.g.,

salg Vthesis of Solid Phase Matrices
Generally a solid phase matrix may be derivatized so as to comprise

covalently linked ligands of the present invention according to methods know per se,
e.g., activation of the matrix backbone with a suitable reagent known per se

25  followed by coupling of the ligand to the activated matrix backbone, optionally
incorporating a spacer SP between the ligand and the matrix backbone by coupling
the spacer to the activated matrix backbone first followed by coupling the ligand to
the spacer via a suitable condensation reagent or even a second activation of the
spacer followed by coupling of the ligand.

30 The sequence and choice of reagents may depend on the actual ligand to be
coupled and the matrix backbone to be derivatized with consideration to, e.g., the

content of reactive groups such as hydroxyl, amino, mercapto, and silanols etc. In



5out). The immunoglobulin solution may also very well be purified further

in a further processing step of optional character. Regeneration The solid

phase matrix may optionally be cleaned, i.e., regenerated after 10elution

of the immunoglobulin. This procedure is; gypically performed regularly to

minimize the building up of impurities fouling up the surface of the solid

phase and/or to sterilize the matrix to avoid contamination of the product

witbomicrastgianianyshprptifnatingtandteacapint fircnizhth s dlgd phaseahdf the

the equipmont used furing ihe process. & iadard methad of perfarmingy

such a regeneration step 0 wash the 'solid phase matrix wi

solphiasesnatextbacldamehe matrix and/or kill microorganisms. Typical

solutions fgr these purposes would be, e.g,, 0.1-1.0 M sodium hydroxide; ..

Solutions Qe R R e AL s S A R A A R R ning

5 guanidimiureitychodiel oridex $akkions cofitptrismgedotith ehéageet shkht@scact with
hypochlorite solutions, organic, solvents such thanol; detergents gtc.

AnU LR SERHEean ety SR ARGy FRReRiepuan R hg Ryane
sodiptioinltroxisle uastaytbe wety ifigh effigiantylldowcbgt: eastiaf of the
neutralization with, hydrochloric acid and lack of. waste problems..In
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equidlbratidpyoptidnag shephl{d)pbemtavtmg, (inprashinth¢aptiolvalistepinfivized

10 253RAAUAR i) 8l4fien aped) eaeneraliom RIG EIGIE(0L SlERS (Nelanis
are fepeated one or several times before regeneration, and the s id
phase makmixdsipeusses) aftexaydyepesatibrto comtheedbaditioradienpidyke doupling
both-the pindi ashi nd eluti R R Y. isiye.for the. 1.
e R D AR TR S e BRI e
DiffErisns st gihdsentagtricels socsrding todhienaventidhaneymeedng the volume
diffsrepbinding. wasbing. and\alition coRdiigns in.nsire ADARI e formed i
resu{t. Lfke%v%%%e,'the nature oﬁthe rawnmatergla‘rl@#?%a?/%]a gery Igg‘rg?garm%me -

15 impaetammirisedZ1ep conditions chosen for that particular isolation

procedureFLﬁTﬂ Cu%rrg,qil'i‘&% §@Hﬂ?ﬂﬁzqiﬂlﬁﬂ%éq?ﬁleaﬁmmw8§ Ad/or the coupling

hybridoma ce ture supernatants (typically"10-100 jig/ml) behave

diﬁ@@ﬁw mbm@mé/pétlmﬂaﬁhb@éeé%ﬂémmm@é@@merﬁh@t@@btion
SOIHIONG SUFH RS S‘Fgcali(ﬁé U4 CLan DAMEs R0 LI TUMBALAH AN e reagents or

present in, e.g., whey (1-2 mg/me need other conditions than

imW@ﬁhﬁh@)ﬁﬁ?ﬁﬁiﬁi@fﬁgﬁémmgﬂaﬁ@m.ﬁ@_m.ir.limgm{h’féowever, the
20 COMROSHINDA kiR s SRR FRARR,IhE 'Hf‘s‘i%@ﬁﬁ%?fﬂ@}%@%&%@&%s\éw the risk of

significantly between different raw materials, e.g., egg yolk has a very

diﬁ@kémstfa_mﬁbg kg @@e&ﬂipmg@ ﬁgﬂoﬁdﬁm@@#@gm@@h@ priptiaednieigh
10%&%%9@8@&99\4%&&%19@@%‘%% BRSUBIGIR A AU eRe b RHRE RN  dure is

to the
preferably performed without the addition of any organic solvent to the reaction

medium.

25 In certain embodiments, the present invention is directed to a compound
represented by structural formulas (I), (IT) and (IIT) described above. In a specific
embodiment, the compound of the present invention is selected from the following

structural formulas:
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20

immunoglobulin containing solution as to enhance the binding of
antibodies to the solid phase matrix. In certain embodiments, the
present invention relates to methods for the isolation of immunoglobulins
yielding an isolated immunoglobulin of a purity of at 15least 10% such as
at least 30%, preferably at least 50% such as at least 70%, more
preferably at least 80% such as 90%, in particular at least 99%. As
mentiohed-apove, it is believed that the binding efficiency maximum pH
val ﬁ/for th
in thexange-af 3.0 0. It is therefore mgQst relevant to conduct the
isolatioftproce§s near 20 thalmaximum (Which-ofe

different combiniations of immynogiotialins/sdlid phade .
the pH of the solutiop% ifing the immunoglobuling (or proteins i
general) is preferabl;iin the range of 2.0 to 10, such asNgthe range of 3.0
to 9.0. However, depending on the ligand type and the matrix bac
the pH range is preferably 3.0 to 7.0 or 6.0 to 9.0. 25It is believed that,
when the ligand contains an acidic group, the pH of the solution containing
the immunoglobulins is preferregNtebg in the range of 2.0 to 6.0, more
preferably in the range of 2.5H 5.5 suich as in the range of 3.0 t0 5.5, or in

in, an "acidic
3s than/abowt 6.0. - 22 -
=N fouyrd that it not

necessary to add excessive amounts of lyotropic salt ih order for the
immunoglobulins to bind to the matrix. Thus,?’the total salt content, .

inclyyding Qunh'sa&éjsc%éﬁ%ﬁ&%%%&%@ﬁ?gam %?#%&?ﬁ%@%&%ﬁééqﬁ&rice
only be so that it 5corresponds to a ionic strength of at the most 2.0,
preféthpprasciid raeifonidososhedhercsiuch as 0.05 to 1.4, especially in the
range of 0.05 to 1.0. As an alternative requirement, the concentration of
lyotropic salt as such should be as low as possible, thus, it has been
shdﬁﬂﬁaﬂ*@t rfifpasrpsiohslBlserate with a solution containing

immU”09'HP%&EE?A’M*}E&%E‘@'&&HF%@QQ&PW&&ERHJ%%E&%% {ie most
0.4 M, 10preterably at the most 0.3 M, in particular at the most 0.2 M,

sudmaseginbwhasiony we.diyWepeviscapiplodnmient) seudtraiinn e4rthe solid
useflase nEHAMAIGS R AAKORIC SIS AResEiNERR &EMiﬁﬁﬁﬂHB%T&Riﬁﬁ%lution;

Monoclonal Antibodies”, Gagnon, P., Validated Biosystems, 1996, where
thelHoTbior iseridis phrpstrihisciRative riiseintd Phaip Hogp dgrrolution; (d)
eMYQH BRI LN HAM GROEABINELONS RIoBHRIS BN OYRRAUBRHIEIR A% Arix

pH in the range of 2.0 to 10.0 and a total sa%t content (_:orrespondin? to a
ionic stred§tAayF BP Y ehalgpempl on the specific application whether all steps are

performed each time or at all. Thus, the only mandatory steps are the contacting,

CH,NH,

separation, and the elution steps, while the equilibration, washing, and regeneration
steps may or may not be performed according to the specific requirements relevant
to the actual application. The type of the separation step depends on the actual set-

up (see below).

Equilibration
Before contacting the solid phase matrix with the immunoglobulin
containing solution, it is preferred to ensure that both the matrix and the solution are

in a condition resulting in the wanted binding of immunoglobulin. In this respect, it
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With respect to the concentration of immunoglobulins in the solution, it is
believed that the solid phase matrices can operate for a very large range
20concentration range, thus, it is believed that the solid phase matrices
operate equally efficient for concentratiopgf immunoglobulins in the

solution containing the immunoglobulins in the range of 0.001 to 0.2,
preferably 0.01 to 0 1, mg/ml, as in hybridoma cell culture supernatants, in
thentan geeafford ho 2eOcrsgiynicasdjn s anckavheycliradipdlraoge stidn@tho 421
O B RS o AR et o LR L AL 4 MO o
inveritinotéshbaspegiaflynsuidabigdonsol atidis coprpyisingiinthe chngeuoifi@sl

to 30 mg immunoglobulins per gram of solid phase matrix, s Q as in.the
range o 000 5 By SRLO TR ErE B8 g T LR e
matnirid®hhwssithe sohitlon sadntainiteggthe buwifeu fagddpustims pldyibeic strength,
artificially as well as biologicall rived or the like solution of .
onn e B SR b TR By hegeriscs 0
cultbeeslsdiphas. hybridoma cell cultures; -23 - fermentation broths from
cultures of genetically engineered microorganisms such as E.coli; ascites
fluids such as mouse and rat ascites fluid; milk, whey, blood, plasma and
serGanfaotimgnan, mouse, rat, cow, pig, rabbit, goat, guinea pig, and

donkey: age0d Yol ugh, &S GSKSD YRR RFUNRIMOTE. P BHERCal o
of immunoglobulins may be obtaine when the solution containing th
imntagudofulinstto mptisgia efsgstiveiynchargedngsteegentonithoutnoglobulins
bei ry. it is.belie t éje rggent
gieaa e St e sl
deteryem evstactylstitatelid rharophamol. blusapclandspiidnatedsodismmple

'au%ﬁﬁ?féﬁ‘c%ﬁ w@%‘ileht%%ﬁdl Wionate. ﬁﬁ%ﬁ?ﬁgﬁv{gg@edémﬁ%% fgﬁ’ a certain

negatively charged detergent is used. Also, | Ing step of the
metiatitofitevdbesbng infdetionmitisghebbhilg) for the same reasons,

acvantageprs 18 s A0, N9ANNEbL IRrAS dRteraas g&&gssfgg?géu%y

be used alone or In combination wit e.g., a lyotropic salt

Usefmwh}@ pieshrengy tishoashihg @té]@a‘(ﬁnai_ﬁ g@nmélymfes@ndsbdnly
15a 8%%15&%@?99 HELRIRDIESB ARBREAH ARSI NRHQRIG SR and/or

the binding processes (operation (a)) (in that the binding process includes
thethrsw @t fapgeoveRirnewie ehdt twselsing eevight trebodmibatsino

detRRaRM RN MR ARLCIAE A1 HEEIBhIRE WSO RISRIAHER1 D zed on the

excellent properties of the solid phase matrices for use in the 20 method
accurthiag aoddes imtenpoiowrair bdesbressed even without the use of

organic SQIRALS I INAIAUSR RiERrHbS H{aeé?\@lp% e RIUAM 61 for

comprises less than 10% (v/v), more preferably less than 5%, of organic
solMériteclomsiimehadisly; feseatle Soldaesd dtwassems: 4196
Alternatively, a larger amount of non-toxic solvents, e.g., propylene glycol,
25may be used, e.g., up to 40% propylene glycol. The contacting step
as Wafhddthe following step, i.e., separation, washing, and elution, may

be peffo”!&%xiQ&Q&H&Wsﬁhﬁpﬂgé’éiﬁﬁlﬁﬁ%ﬁﬁé ﬁﬁfﬁﬁﬁ%%l@ﬁ%lin containing

solution, there is an optionally performed washing procedure to remove unbound or
loosely bound substances such as other proteins, lipids, nucleic acids or other
impurities from the matrix. However, in some cases where very high purity of the
immunoglobulin is not critical, the washing procedure may be omitted saving a
process-step as well as washing solution.

In other cases where very high purity of the immunoglobulin is needed, there



often guided by the scale and whether the process has to be repeated.
The solid phase matrices according to the invention may be used in
almost any of the set-ups 30 used for development and for industrial
purposes. Thus, the solid phase matrix_mgy be contacted with the solution
containing the immunoglobulins, e.g., in a stirred batch process, in a
packed bed chromatographic column process, or in a fluidized - 24 - bed
pracegherumisioy glisdetir s dfergivenshii prifications FodisdificMoneakbingd
An%b%ceilrg% . fGr%%Iill?tli’l d?Pl 4 é{%:?ldated (Flosystems 1996. Other
necessary measures for performing the isolation of immunoglobulins
accordingTbetheshirenbwfificis | owp kordentibdepané thotel agies: &ftbe some
app icatio ns of i muno lobulins,,;i tant that th
S ot B R et e
5 99%ashiig i w&mmmawmumwmmménnumgnmmnogmmmghgmde
as a4 therapeutic, hut is, also ne sary | ther Ilcat on
dlagnog?lc%%ellg t]f)'ne %e%%n% éﬁaﬁ[y nee e may ﬁepené ozda'bnu StGdfS o that
factoly suchnasinibé ingruthiecantibooyascd dithet O yuse lensdetivatice df ithe
whi ch se th re may not be req red a d f les
et g S B R A ST L pd T e
mo?whlmgbuﬂas—anlenzymmaa@l Hem'sretﬂaaﬂsm ploxigasguntiekicbupdse the
the ?ntlt% en | uired to be. at I%)ats@pcyﬁl@ure or maore, For athe S ched

t
app cations, the neeés% r |c())ur1|1%l lrﬁélyl/e?jl er correspon(ljr ng]iI)l/aYt Seema P

_howelmlm d@%g@ﬂhﬁmtﬁmmd&@d&ﬁM@ﬁum&ﬁMe sohstamaglobdinashing
'S §f 'ﬁ‘&sl%_fo 1%‘?e Ay maKss: 'S SRHERRRIE t%e“£8£’%§f] I%(é mpurity, and

product. However. t e present |nv ention provides, as It 3
guithelielass dopkoivig ththespuptydkemshit idserbeitould already be clear

fom he oY e, B T RENG PrEAL CNEAN A HAMIE SR RNASS:

matrices having a ing efficiency. In ition matrlces )
15 theppe&geblyimeshotion chiaver dég togkahility . rmﬂrel@?;eé‘m@anlye sehdimactﬁneéning the

Of PGRIFS OQ@B{H}{%”HH@ ﬁ?rﬁé?%A Sé'i?rl]ﬂ%hMé I ?}% forﬁﬂcﬂﬂ%é&i%@

matrices t0’be regenerate e Isolation of the
immunoglobulins, the total salt content of the solution containing the
protging preferably corresponds to an ionic 25strength of at the most 2.0,
such as in the range of 0.05 to 2.0, in particular in the range of 0.05 to 1.4,

especiallyBhtiva edribe sipdBnmunogabulor thecwsrmibnperfiomef [Ypwopiecting
20 Sa'lﬁe%@lﬁ%r H%é%ﬁ%ﬁ&%&@ﬁé&nﬁg Me%%@ﬁlﬁhﬁﬂ%glb%‘lﬁ@&ﬁh@ solution that

particular a the most 0.2 specially at the most 0.1 M. In certain
emisirtisaeHie Incyenedpht lsa ko ay dhadeid othpsoiititn dhthenmunoglobulin is

immyaggialhuling 307 e RERRH Ilthe BN QlRIYRIRg ﬁg%eth?ﬁe solution

biomoletules may be employed for a number of proteins, examples of

whiehpapEasrtraalsascdhienradreglehplimeuld ssinsaBrynetdiptirest
subliilisia (PRI HRIARTU QLS s PRRS '%iﬁﬁfﬂlg of the immunoglobulin, e.g., the

25  solution may have a different pH, a different ionic strength, a different temperature
and/or it may comprise organic solvents (preferably only small amounts), detergents,
chaotropes or other denaturing reagents. Combinations of changes in these different
parameters are also generally employed.

Elution may also be performed by applying a solution gradually changing the

30  conditions from binding to non-binding conditions, a procedure which typically is
phrased gradient elution.

Once the immunoglobulin have been released from the solid phase matrix



thrombin, and elastase; lipases, glueosidases; xylanases; leetins;

albumins; proteins from fermentations broths; protein from milk and whey;
proteins from blood, plasma, and serum; proteins from fish waste; proteins
from slaughterhouse waste such as orgajpand tissue extracts, e.g.,

alkaline phosphatase from bovine intestines; 5and proteins from vegetable
extracts such as potato, tomato, coconut, e,g,, horse radish peroxicfase.

As iuse thbeteiimgthel derm, iatkgly beferote@saturated birdigivraftaiptional means

branched or cycli drocarbon. Prefergbly, alkyl is.a CJ-ClO alkyl. Eyen
o R o S B e e B R e ety
to avithtkytl grouhangdthbiit 10 waryonssdooes sehictsonayf benstratigiting procedure
branched or cyglic, such as methyl,. ethyl, propyl, isopropyl, butyl, isobutyl. .
B RS R oL AURRIO ySrRUTe R Bty i

5 etcotlthe TeenmiGubQH kil sefetiotoray alkyivgrewpdwithpdrBiedufocher in a

atoms,which may be straight, .branched or cyclic, such as ropyl,
isoﬁ%%@ﬁ,%ﬁ?ﬁﬁslgggﬁ? I?%l?}bod{?/?,cggrnaﬁ?ﬁréyelopentyl, etc. Alkyl groups
included in compounds of this invention may be optionally substituted with
one, eﬁ]&;ﬁigHbstituentS, The term "substituted alkyl" is intended to mean
an alkyl group which may be substituted with one or more, preferably 1-3,
groups seldutedlidgrhasarbaty protegtechelbloxylsuchl asca radnexytabdicr

10 €% 4%%%@&'*&%@%@?@Aii%mggg%gggf{&mg. ﬁ?gi@ar@ ?g:é&%lrmed regularly to
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-Co)a -aminocarno amino ylaml caroonyl; mono-

di((@ini@iayaispaihling (@l«C 8)aikyikiasitiocaghpriji sunfne; ofidmosaitdphase

di aming; (CL-C6)alkyl lamino: : ted

e L L

2508yankyisoifony foryiferatogphehsdcaheayi(o thOe)akybabalogehs eiripment
t ' " ¢ t lkeyl

a”%!@&&‘i@%g the ger%e‘éée%.'Q?aﬁ?d r&@ﬁe{ﬁ{ﬂgo tgﬁrérénk%%n{{gé%%)% @g Alk¥kion step

group that wo points of attachment. The ene
refessotovash dlioysehd phassphtihastiirophitnastablericeldsorttmomtgix and/or kill

NOH#HI‘H&"{%%&@ &%?Mﬁ?{aﬁ@f ES%?{'H%H&% Wﬁéﬁ‘é/'@é?%.g(}&%?r)@ M
ethylene ((-CH2CE12-), n-propylene (-CH2C1-12C1-12-), isopropylene
(-0sedbannligdrgyiylea el ubenikel mivecidprar iglosyalpgreneteatensttaaats such as

a'kglﬁa’ﬁ?dﬂ{%%ﬁgé‘f&ﬂﬁoﬁ%‘;‘ s%’l‘&i%@i\’:%rﬁaﬁe{fr%n i QS NPHIRs

examples of - 26 - alkylene groups inclu ylene (-CH2-), ethylene

(-Chypashioyitn Plopiytener gD 2CHeTh opfappiedetergents etc. An
G R A U oA RS SOUAS TRYDE 0FYRTBYum hydroxide

subsﬁtuted with one or more substituents. As used hereln, the.term '
"alkiayP Weuery Aighteraeeanarrdighcebarfsbrirtheg Betiopctiéth hydrochloric

hy%?gqmgw{}%%lﬁﬁ%%g carbon-carbon double bond. Preferably,
alkenyl is a C2-C10 alkenyl. The term "C2-C10 alkenyl" refers to an

alkenyl grbup 1psvifig enaborineeibohtbedescRapyestptatiesetinfhinchedas: (1)
an%&{%?M@Bﬁ&%h%@iwﬂﬁémwﬁlgQ}i'p) Hydn P HpRYha? Ry

isobutylenyl, 1-pentenyl,
separation, (v) elution, and (vi) regeneration, where cycle of steps (i)-(v) are

repeated one or several times before regeneration, and the solid phase matrix is
reused after regeneration.

The conditions employed in both the binding, washing and elution step(s)
may be very decisive for the resulting binding efficiency, yield and purity of the
immunoglobulin. Different solid phase matrices according to the invention may
need different binding, washing and elution conditions to ensure an optimal result.

Likewise, the nature of the raw material will have a very significant impact on the
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pentenyl, 3-methyl-l-butenyl, 2-methyl-2-butenyl, 2,3-dimethy1-2-butenyl,

1- 10hexenyl, 2-hexenyl, 3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl,

1-octenyl, 2- octenyl, 3-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl,

1-decenyl, 2-decenyl, 3- decenyl and thelike. Alkenyl groups may be

optionally substituted with one or more substituents. As used herein,

the term "alkenylene" refers to an alkenyl group that has two 15points of

attaohdiéaﬂJsAﬂ(ﬂaylﬁneﬂgi@mﬁauﬂayibﬂalmiopaibﬁ&ubstitgttecbwiﬂilmesmﬂtions

T e S A Ry the Tyl means ASAURSY.100

stralg chain, branc or tydiic hydrocarson avm% at1éas

carhgmbesblan ¢ i kecbanD. ﬂHaaferabémcaikpayiﬂ s&lﬁb&@ﬂ@@&yml anTe

term "C2-C10 al I" refers to an 20 ving 2 to 10 c

RS O SRR SHEGH RS DAL DAL AR R G obut s

acqﬁ;elmyhrpl@@ywisi(bulymglfnﬂ)bw@mwh&rpeﬁﬂynththeﬁtyﬂuhoglobulins from
th I 1 butyny I 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-

he|5) ﬁ %Bt&ép 5&(5?%/ tyl 1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl,

2- nonynyAlMemytipﬂasdﬁﬁymd,, Zhdeoyinytsod eifyaryhtapnpeheflikgurities may

Alk rou s 2 be o ally substituted with one or
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gratarijnai fies atmpmmalabatyhddmamt:eﬂl kyitvlenegroupsiay be
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term’ halogen FRLRRISYS f, Or
EXisiviRibhEgloblGA DI S IMNE IskE&iSn(49 to enhance the binding of antibodies to the
(1H0I?\?1 OdeJ'rrnna'l r"f‘%"' -2-y1)-methanethiol (4) 5

In certain embodiments, the present invention relates to methods for the
isolation of immunoglobulins yielding an isolated immunoglobulin of a purity of at
least 10% such as at least 30%, preferably at least 50% such as at least 70%, more
preferably at least 80% such as 90%, in particular at least 99%.

As mentioned above, it is believed that the binding efficiency maximum pH
value for the solid phase matrices is in the range of 2.0 to 10.0, most likely in the
range of 3.0 to 9.0. It is therefore most relevant to conduct the isolation process near
that maximum (which of course may vary for different combinations of
immunoglobulins/solid phase matrices). Thus, the pH of the solution containing the
immunoglobulins (or proteins in general) is preferably in the range of 2.0 to 10, such
as in the range of 3.0 to 9.0. However, depending on the ligand type and the matrix
backbone, the pH range is preferably 3.0 to 7.0 or 6.0 to 9.0.

It is believed that, when the ligand contains an acidic group, the pH of the
solution containing the immunoglobulins is preferred to be in the range of 2.0 to 6.0,
more preferably in the range of 2.5 to 5.5 such as in the range of 3.0 to 5.5, or in the
range of 4.0 to 5.5, corresponding to an expected binding efficiency maximum for
that specific type of matrix.

As used herein, an “acidic group” refers to a group having a pKa-value of

less than about 6.0.



To 1,2-phenylenediamine (1.88g, 17mmol) in 50%v/v hydrochloric acid
(20m1) was added 2-mercaptoacetic acid (1.3m1, 1.7g, 19 mmol) The
reaction 10 mixture was heated, under nitrogen, at 60C then at 90C for 48
hours. Additional 2- mercaptoacetic acid4400 pl, 530mg, 6 mmol) was
added in this time. A sample was analyzed by HPLC. The reaction mixture
was cooled and neutralized to pH 5 with 40% v/v NaOH. The resulting
solid was Washespadthonaten(b0git}aprabdviedt lad @eeatouwmd tiayield not

(1H-Benzo[dimidazol-2-y1)-methanethjol 1.95 % yield, Rt 15 =7.6
R D S s R S S AR v .
DMB@wAoNbtN do3ppdn bt x7 Fbppnh¢r@Haly ddgm2iluding, c.g.,

4.17 AH). MS (Electrospray+) 164 m ), 131 m/z, (M-SH
o SR g Yo SRS R thaRb DR s e TUA Sl

5 4-arimsi ity o e naicittiten@ 0808 e al)sir2 D propfandl Y 16 the Jramgt whledS to
(3 ).was a zing bromide, (13.80g, 61 m followed,by sodium ..
B G e b DR Rheive
10 hquis:iiidg, thachononvastcoodé dyatrditivernlans brbds hyukdRie@s Voates possible,
(15m1) was added,and the orange calored mixture adjusted.to pH 3.0 with
o R S A G R Gl
oveman80g dowieidrdierertageneitiatioddf holorpicsalid is at the most 0.4 M,

2-nitra-4-(2H-tetrazol-5-y1)-phenylamine (6.59 t=8.8mins, 1H R

10 & ARy DS MIATIRS, (Gl heR a3 KT IRL Y B most 0.1
2HY), 1158 memi(e ShbbdinemmpppoifbpicseH 2y uMS. (Electrospray+)
206mlz (M+ m +Na). . S .
oo BT RAMINELaRT fre eiven g - Purification Tgols for Monocjonal
40%waﬁmdrléiﬂgmic Reiy @’quz Bﬁ)ﬁ}@dgaﬁ !F]%i)éd Pdon ti&r_biﬂfm‘étseer series
re e and charged with hydrogen using a
MR YRRRE]

er4 e reaction was analyzed by HPLC. Water was
15 added (100ra spemiticiembedotiont nthetsebifikereentTihemganadywt wers washed

W“gﬁ%@%@&&&ﬂﬁ%‘% i rtleQQ%&)ofo@ r%olg.‘?i‘é%ﬁtﬁ %@!%'i?s%}’g&?{&t?d

un ed pressure (175mBar then 50 mBar) at 40C to yie
brownisipeaiorgdosolionic @rngiaicit shy Mdseé Adbne-1,2-diamine

dihydrochigiigle (6,439}, Jﬁé%%r?c%ﬂiﬂ?&&%%%%&ﬂﬁ' dﬁg%ﬁﬁ%{'&‘s@uﬁon, it is

7.82ppm (1H d, 2Hz), 7.67ppm (1H,d of d, 8.5 Hz, , 7.03ppm
(1Hpeligvad-thnt the .seﬂtbptrmrwrip)eamg)m@tg\@) ﬂmlmg@ (WheRla).

20 1518 {ALatiEH %?'éé't)ﬁl: hepagne R mnSHnyHRCHRHAR (8 1 092oqually
mmol) in acetonitrile (100m1) was added thiocarbonyl di-imidazole (4.86g,
28 efinstiniau apiegentation of doamvnaglebiiars dd degisotheoreeetiomingghe

themstirrRe 8 RO anthineieRel PR ANaINZ e Y B LS J bey ,Sﬁ’%'gl%lti_las in

was removed under reduced pressure and water added (100m1). T

of thebristatapRcthixtlireavanZoRASIEY S FHE 0N the Sone/fileretn andk and
Wa%%?,vl‘ﬂthl@’%ég@ m)toTﬁﬁmg/ml as for different animal sera and plasma, and

25  even in the range of 20-80 mg/ml as for colostrum.

It has been found that the present invention is especially suitable for
solutions comprising in the range of 0.1 to 30 mg immunoglobulins per gram of
solid phase matrix, such as in the range of 0.2 to 2 or in the range of 5.0 to 25 mg
per gram of solid phase matrix.

30 Thus, the solution containing the immunoglobulins may be artificially as
well as biologically derived or the like solution of immunoglobulins such as crude

fermentation broths; mammalian cell cultures such as hybridoma cell cultures;



material was dried to give
5-(2H-tetrazol-5-y1)-1,3-dihydrobenzimidazole-2-thione (3.35g, 61%
yield). The material was suspended in water (300m1) and the pH adjusted
to 11.0 with 40% (v/v) NaOH. Methanol (@5_ml) was then added followed
by Activated carbon (0.38g) and the mixture stirred for 1 hour. The mixture
was 25filtered and the solvent removed, under reduced pressure, to half
its Yolumeatidnebpbihw o@djuBtedstof2éhetitalbipvhgidey oy dniablatiarasick toich as
yield an. off white.solid. The solid was filtered off and washed with water.
g O T wy R e R S T S B oo
5-(2hittetnandir&ay ah, 3nalibydeobang) migazblat 2ethigrei(R8F ). dhid dMRy; and
(d6-DMSQ,40 MszfhlﬁfSS m 31%)(1H,$), 12.84ppm(1H,$),
7.8%ppm iR dd B AHZ T8ES Y7, 78ppm(1H,m), 7.30ppm(1H,d,8Hz). MS

5 (high resdfutitherziord; dighop2 1i8y086idunmiz |8 HENGE  be-dbfamathadsn the

accuragy. - - (3) 5-(2H-Tetrazol-5-y1)-1H-benzimidazol-2y1-amin
o IR ST SERE Y SR IS SE AN RINOS ddrgent.
(8.5%uhB4trhenat) inuna teraidbthe ryats abglisted tbapithé detGyamoyppresses the

broa ilde?e 3'e9(%9(’)t Er’ﬂf@%&l‘é"ca eaélqg gan the%é}}lj e sired {)Ocﬁe%e?lgel“r'lrts are octyl

The reaction mixture was analyzed ;7??[5 & The prIof the reactio

mixtufeteyhsondjpbteditblpe detinetultond6s/s ¢div)s baighsanyoliosideanicthieexane
10 GRS TREShiS A AN Hap VSt ant rARIR A

(2H-tetrazblse-yin jiHbenizimitazs) thy-anthve of 10g)resthtdpueritioof 889,

Rt =7. in i .

o BT R RS SHEREIRAN S IEeous t0 w apncetiely chupaed detergent

theTihiel deses grjusimdbio usal witnS0sbiwoinbyaroeh atib a8 aviderActivatdplotropic

car t t i irre h

D L ] B AL B A Preli s only
15 tanagoiorsdveslicproectramnieineaspeied (8 b )k dtaebi peltityroths $igding

by #l» &%s% og‘é\fﬁﬁéﬂ?'ﬁmg%%%ﬂﬁﬁh%%gﬁ% (QeRidDub29o0f large

ppm(0.3H,$), .85ppm? ,$), 8.074ppm(1H,$), 7.96ppm

(ddv8lugslisareyt SSHIm (sreruHmbodi S Blectebygeay anddgetepic salts are

[2/7&%@‘5@%?% % i?a)ér(fz?)imidazo|-2-y|]-methanethio| hydrochloride

(3) Also, the excellent properties of the solid phase matrices for use in the

20  method according to the invention may be expressed even without the use of organic

solvents in the elution step, thus, preferably, the eluent used comprises less than
10% (v/v), more preferably less than 5%, of organic solvents. Most preferably, no
organic solvents are used at all.

Alternatively, a larger amount of non-toxic solvents, e.g., propylene glycol,

25  may be used, e.g., up to 40% propylene glycol.

The contacting step as well as the following step, i.e., separation, washing,
and elution, may be performed in various way. The physical measures selected are
often guided by the scale and whether the process has to be repeated. The solid
phase matrices according to the invention may be used in almost any of the set-ups

30 used for development and for industrial purposes. Thus, the solid phase matrix may

be contacted with the solution containing the immunoglobulins, e.g., in a stirred

batch process, in a packed bed chromatographic column process, or in a fluidized
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25 \SH -30 - To 4-(2H-tetrazol-5-y1)-benzene-1,2-diamine
dihydrochloride (9.409,37.7 mmol) in 50%(v/v) hydrochloric acid (105m1).
2-mercaptoacetic acid (2.4m1, 3.18g, 34.5 mmol) was added and the
reaction mixture heated under nitrogen_af4110C for 48 hours. Additional
mercaptoacetic acid (0.5m1,0.66g, 7 20 mmol) was added 5after 24
hours. The reaction mixture was cooled and a sample analysed by hplc.
Thbeg?pﬁm'm cﬁlmﬂm@sm&ﬂimaﬂatgm off"®od ficasibad il fvatdonbonal
sol(g W. rled t50C rladv 90mB %ég yield

ﬂl erazol- ﬁff& en%cl)lr% azo y me anethiol hydrochloride
(5.27q, GK%hyledrdk,eE&arY Arunsep tioity dyortRing the 78dlatibhMMRimunoglobulins

(d6-DM Hz) 8.49ppm(1H,m). 8.22ppm 10(1H, dd,8.8Hz,1.6Hz),
T oisaie e SRR Sl AT
(Electrospﬁayse)rmleC(M S8 8O ghdby(BM; i)is of high important that the
(5)[5-(2H-Tetrazol-5- 1 nzoimidazol-2y1 meth lamine (2) /
e B e Ch R RTINS S oo rmis i
(6 p@g;&ﬂa?ﬂmmml)Mhe'ﬁe%r(ﬂiv)lmwmgldvldmaﬂjtm@dﬁmmer@e@ﬂg but is
Wasa nd th mixture ted to 13 1
A S Ao R RO RSO ARRG f18 J0MS: ot puriey
pem@ddeﬁslfteayrdsnﬁmépmrwabao nffas 2o anhlymdlwehplm Aitibpdy of to be

the ueds thaew\i/)é?fz dW S %d!:lléStﬁgeg%g' 0 Wlthngpb 1/ Itere ogofﬁ' aﬁ’gg o?purity,

O mixttie Was coole colored prod
waishedbwimamaﬁ@%(m@vhm)héfhbecantds)pydwat)\baéa@n@d Bib2gyigna hadecule

2 PUILY Q7 9320, R/ O JNinS: JR SIS RURAMS VAR USRI INBEYS o ften is
required to be at least 80% pure or more. For other applications, the need for purity
may differ correspondingly. It seems however to be a general demand that the
purity of the immunoglobulin is at least 10% on a dry matter basis to enable a proper
use of the product. However, the present invention provides, as it should be clear,
guidelines for solving these problems.

It is, as should already be clear from the above, the aim of the present
invention to provide solid phase matrices having a high binding efficiency. In
addition, solid matrices of the present invention have high stability. More
specifically, solid matrices of the present invention are stable in 1 M NaOH, which
allows the matrices to be regenerated.

As in the method for the isolation of the immunoglobulins, the total salt
content of the solution containing the proteins preferably corresponds to an ionic
strength of at the most 2.0, such as in the range of 0.05 to 2.0, in particular in the
range of 0.05 to 1.4, especially in the range of 0.05 to 1.0, and/or the concentration
of lyotropic salts preferably is at the most 0.4 M, such as at the most 0.3 M, in
particular at the most 0.2 M. especially at the most 0.1 M. In certain embodiments,
no lyotropic salts are used for the isolation of the immunoglobulins.

The method for the isolation of proteins and other biomolecules may be
employed for a number of proteins, examples of which are proteases such as pro-

enzymes, trypsins, chymotrypsins, subtilisin, pepsin, plasminogen, papain, renin,



(50m1) and the pH adjusted to 1.4 with 50% v/v hydrochloric acid.

Activated carbon 25 was then added (0.59g) and the mixture stirred at
20-25C for 18 hours. The carbon was filtered off and washed with water.

The pH was adjusted to 4.0 with 40%(v/v) bkaOH to yield a light orange

solid which was dried under vacuum to yield
[5-(2Htetrazol-5-y1)-1H-benzoimidazol-2y1]-methylamine 4.2_2%7‘Pwity .
by HPLErO88H, a1, S RS AU AT 82845 5 PR Prra s phrpteins
(1H,d,6fédnz)ermaitatidnd Opgtisf Hrbydirbidinizy itk 3Bd e $) pMSins from blood,
(Electrogpray +) 216.2m/z (M+H), 239.2m/z (M+Na). MS (high resolution

D FoRT Db AIE A LB e M R B Ao A ER I e
EXAMPEh 29 MIRAQ B AT EXG20F, BAG ANBIBCTDSbrieH9mdBvine intestines;
BACKBONE: SeeneidhPraseit xtract: iR (fato TRt iR MR (€D horse
was added water (7m1) followed by bromine activated allylated cross

linked d84IBIE @B 150mmol/m1 of allyl groups). 1010M sodium

hydroxide (1m1) was then added and the mixture rolled for 18 hours at
20-25C. [For ligands containing thiql fungtiopal groups a small .amount o
NaBH was o TS B e e G AP D T B i pranched
HC1, weitey0is hy de@tcandtbierablocelkyhier. Thé€ fitadiellidaved wears preferably,

anglyzeghyikibt L Fhagel massisranged A0 %ehangl 8%9?%‘}%' with 1-10
0.5M HC1 then washed with IOcv ethanol, 15 water, 0.5M NaOH and 20cv

water. PREYEHOME rehishaRaeke shagdrmhe dittticH s B Ryl ethyl,

analysigrdp{Rlitopespazdtlyy iysblisheapzimitazaindyyhagyinectd), dedecyl,

5-(2H-Tetrazol-5:-y1)-1H-benzimidazol-2yl-amine ( 4 1 mmol) in

o M e B AR TS (TR TR B ey

allylatedrpLpemithol /ndadioal itbmrotpisharex dtiskedblbragrhaoker foltdigedch as

by; §OMsadikne ydrexige Qg% Imﬁtm,iﬁ%ﬁ%v?é&%lﬁﬂ,{g&&% hQRIS Ry, etc.
hed wit '5M HCT,

20-25C. The gel was washe IOcv of NMP, water, 0 ) i
water,0’SKY NEURS Hiedpesdinqeeupartds o Hastvans iy Be-ptenalxagbstituted
by hplcwithegedwasssigpangdat.in 50% 25 ethanol containing 0.5M HC1

then washed with, 10cy, ethanol, water, .0.5 H and 20 ater. .
Tiation gave TOSTE SroM AT oS msnist s ran s Eiekn which may
based bn nibstigetnd with one or more, preferably 1-3, groups selected from carboxy;

30%-(2H: TebipgeliBud)she- SinaBbenzQun ez dler -4ang, cartsSifilar to
the procedure described above ysmg63676m , 41 mmol) of ™
5-(2HTEREASRE Y- TSIt G R SR Coulkyl-
(3mQ). diiitadtabodd; mono- and di((C1-C6)alkyl)amino-(C1-C6)alkyl-aminocarbonyl;

amino; mono- and di((C1-Cé6)alkyl)amino; (C1-C6)alkylcarbonylamino; hydroxy;
protected hydroxy such as acyloxy, e.g., (C1-C6)alkanoyloxy; sulfono; (C1-

25  Cé6)alkylsulfonyloxy; nitro; phenyl; phenyl-(C1-Cé6)alkyl; halogen; nitrilo; and
mercapto.

As used herein, the term “alkylene” refers to an alkyl group that has two
points of attachment. The term “(C1-C10)alkylene” refers to an alkylene group that
has from one to ten carbon atoms. Non-limiting examples of alkylene groups

30  include methylene (-CH>-), ethylene (-CH,CHs-), n-propylene (-CH>CH,CH;-),
isopropylene (-CH,CH(CH3)-), and the like. The term “(C1-C5)alkylene” refers to

an alkylene group that has from one to five carbon atoms. Non-limiting examples of



gave a value of 133Rmol/ml, elemental analysis gave 177mmol/m1 based
on nitrogen. [5-(2H-Tetrazol-5-y1)-1H-benzoimidazol-2-yl]-methanethiol
hydrochloride (3) 5Similar to the procedure described above using
(1.1429g, 42 mmol) of [5- 226 -
(2H-Tetrazol-5-y1)-1H-benzoimidazol-2-yl]-methanethiol hydrochloride
and NaBH4 (3mg). Titration gave a value of 78Rmol/ml, elemental

analysisgaye Ginmbldn inbhsécho(-Oittogenhylene (-CH,CH;-), n-propylene
10[5:(2H- I-5-y1)-1H-benzaojmj -2y1]-m ine (2
ST 0 UG oS RS e B et TR Gl gups may
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value of 78§moglﬂl,rele%en[tal anaﬂé/sis gave 49mmtoI/r{|1dbglse%tor}l. branched
nitrogen. 15S6fid Matrices with 2-amindbenzimidazole of LH-Benzo (et =~ orone
5 imidezptbZh§ddiearioe by mg hgdradtweee pitepacetbaccordilegbtmithePreferably,

procedures descri bove. MPL, OGLOBULIN BINDIN
CABREIES A6 PRI EORENER T Ol Rl e iyt Peroup
melasungridnt] 0 carfwmaispodutye soltativis sivergh pelckiach o thr@mhedf( C2-
ligandsagarose sample (46 bove the mpn frit) for each matrix
s A E O RO Ve >
allgwedipl settethtiérotanity hRES bdffertatyp L 2 -4imbddelibutsylede
labgled a riately.~25350 f humanJqG was,dissalved in 7 m

10 L ST R S AR, £, 2
solatienyhaisdiltengtl thnoughyD.2h{ineriilefsndnens0 dilddionydf Zadefitteyb -
19G,; soluti S a serial diluti : 0, ration of |
e o RO B 2 o
ODRsunsubSEE8. 30The 1gG solution has a concentration of 35-45

mg/mL. E . ' 5 S f

00 S0l bt Ioag e R b eSS TR 2Tl bl o
15 in aglkisoi-3Bclunprdrsalkendhneaumpswzsy washptdnalty ukssititedof PBSe or

bu%‘?&@ﬁﬁ%@?%&ﬁ@y unbound IgG and the wash was collected into the

universal containing the flowthrough. The bound IgG was eluted
with 10 mAoied Mrgiyciheteron blkifay HnRaasd Stheashdtkiraighschain,

coliggiRdda &g%ﬁ: 'fl@l%%@%on having at least one carbon-carbon triple bond.

Preferably, alkynyl is a C2-C10 alkynyl. The term “C2-C10 alkynyl” refers to an
20  alkynyl group having 2 to 10 carbon atoms. Representative straight chain and

branched alkynyls include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-

pentynyl, 3-methyl-1-butynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-

heptynyl, 2-heptynyl, 6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl, 2-

nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl, 9-decynyl, and the like. Alkynyl groups
25  may be optionally substituted with one or more substituents.

As used herein, the term “alkynylene” refers to an alkynyl group that has two
points of attachment. Alkynylene groups may be optionally substituted with one or
more substitutents.

As used herein, the term “halogen” refers to —Cl, -F, -Br, or —I.
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The two universals were mixed for about 5 minutes. The OD280.0f IgG in
each universal was measured using the spectrophotometer and a 1.5mL
quartz cuvette. PBS was used as blank when measuring the flowthrough
and wash and 0.1 M glycine/HC1 buffer yas used as 10 blank when
measuring the elution. The volume of ligand-agarose in the column
was determined by measuring the bed height (mm) Percentage of
recBXeétyRialr baletilaidd by the sum of IgG in the flowthrough, wash and

elul M b mﬁg gG loaded. IgG capacity (mg/mL)
Wag%%wgt%ﬁ b%/lt%%}gfrg(%unt 0 g%rém elution divided by the 15column
vol(ime. L{denBanthifdtiondaable2(pigptnmehaagidalqdlated by dividing the
amount of IgG eluted with the amount of ligand (mg) in the matrix.

1 of £ach sangple was packed into an Omnifit column and higG
was applied tcfﬁbO% breakthrough. The protein was then eluted and the
column cleaned, the 0D280 of the elution was measured and the volume
of hlgG applied was noted. Measurement conditions are listed below:

Flow rateZ.5mn phsnijnegc(@Bmivd 188 g5 EnitibrationobufeiRBitopidofidacid

Loadimg/m1 | PBS pH 7.4 WashPB 7.4 Elution0.1M Glycine pH. 2

IR R A M HPORCRS AL s WadDALEEH tB0 GG o

tesineolurd i gohtaisd) gusddichphags ek Hsteresti0 ypesionederdditional 2-

a plateau level was.reached. amount of 1gG is measured in terms

D RS G L 15 BRL SO AS ARE 1\ sample v

flowthatorghbyasrioaderhentacavathexaaiums padkedmittethalsalibtppase with
AN B R R SR S M T e
vacuum to yield (1H-Benzo[d]imidazol-2-yl)-methanethiol 1.95g, 93% yield, Rt
=7.6 min, purity > 95% together with disulfide (Rt=8.0mins ) 4%. 'H NMR( de-
DMSO, 400MHz) 14.3ppm (bs,0.5H), 7.46ppm (m,2H), 7.13 (m,2H), 4.17ppm(s

0.1H). MS (Electrospray+) 164 mz(M+), 131 m/z (M-SH).

5
C

(2) 5-(2H-Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione

M=
NH
H
>:S
N
H

To 4-amino-3-nitrobenzonitrile (4.98g,36mol) in 2-propanol (15ml) and
water (30ml) was added zinc bromide (13.80g, 61 mmol) followed by sodium azide
(5.81g, 89 mmol). The reaction mixture was at heated at 80°C for 10 hours. The
reaction was cooled and then analyzed by HPLC. Water (15ml) was added and the
orange colored mixture adjusted to pH 3.0 with 50% (v/v) HCI. The solid was

washed with water (50ml) and dried in an oven at 90°C to yield an orange yellow



Using a standard feedstock method and standard buffers, 2m1 of each
sample was packed into an Omnifit column (0.66cm) and Anti-nip
feedstock was applied 10 until 20% breakthrough was reached (as
determined by a separate Protein A coluygn). The protein was then eluted
and the column cleaned. Assay conditions are listed below: Flow
rate2.5min res time (0.8m1/min) Equilibration bufferPBS pH 7.4
15koadéhtiotith Y witue F4RT 5y tp4ol-3-Wesh@BBipt /(4. HBlpjide8 Rinins, 'H

Soqj jtr 3 5 z10) T ount of antj-nip f ck
eI B Gt A e SRS R e
TheatiFiip pped& Gk bsasloagpdhdnid & 2kt colliiR leontaipimgr-$Gdm/z (M+),
ph atrix of interest until the flowthrough reached a plateau. The
flox%/?f?rlggjzg Mvil%]sa ollected in aliquots and analyzed for IgG content ( using

S5a Protejn Amiﬁﬂﬁny@%éﬁmmmaz%@m@%ﬁmmétéﬂgﬁ _riledlwhamh_(AﬁD ml)
N i R T

equal to mAuU o e rough from the test column. An amoun
of Aptsalip deedstoaicdanmésparnihy th AQdsogTnwam foatiaidbonto/dimthdiours the

o L TE, e AT SR Uy Ry e
Mefitered TheCri@ Wiedisrw S hedsugedOh studye tolor bindiatgrdh@oml). The
o 0 L S RSP T 0 it s
hexagédyitrnetmjmniomidso o (@ (teexap] o+ -5y ered @ FideadisngiEM
N A OGSy s2p0m 11
grad/,it?)He)j' wlﬁmméhH,éqlﬁiﬂbBaiddlzuéih@)lgrﬁ§PIBIS(|®H,d,&4 122)10651 of
NSRS Ao e dradeush o o dowes
15 To 4-(2H-tetrazol-5-yl)-benzene-1,2-diamine dihydrochloride (6.40g,25
mmol) in acetonitrile (100ml) was added thiocarbonyl di-imidazole (4.86g, 28
mmol). A further 100 ml of acetonitrile was added. The reaction was then stirred
for 5 hours and the reaction analyzed by HPLC. The solvent was removed under
reduced pressure and water added (100ml). The pH of the reaction mixture was
20  adjusted to pH 2.0 and the solid filtered and washed with water (50 ml). The
material was dried to give 5-(2H-tetrazol-5-yl)-1,3-dihydrobenzimidazole-2-thione
(3.35g, 61% yield). The material was suspended in water (300ml) and the pH
adjusted to 11.0 with 40% (v/v) NaOH. Methanol (15 ml) was then added followed
by Activated carbon (0.38g) and the mixture stirred for 1 hour. The mixture was
25  filtered and the solvent removed, under reduced pressure, to half its volume. The pH
was adjusted to 2.0 with 50% (v/v) hydrochloric acid to yield an off white solid.
The solid was filtered off and washed with water. The purity was >98% by hplc
Rt=7.8 mins. The material was dried to yield 5-(2H-tetrazol-5-yl)-1,3-
dihydrobenzimidazole-2-thione (2.37g). 'H NMR (ds-DMSO0,400MHz) 12.88ppm
30  (1H,s), 12.84ppm(1H,s), 7.82ppm(1H,dd,8.4Hz,1.6Hz), 7.78ppm(1H,m),
7.30ppm(1H,d,8Hz). MS (high resolution EI): Found 218.036514 m/z CsHgNgS to

+4ppm mass accuracy.
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through (FT) was collected in the same vessel. 3. 10m1 of the elution
buffer 0.1M glycine pH 2 was applied and the FT was collected 4. 10m1 of
the hexa, pH 1.5 was applied and collected to clean the matrix. 155. 10m1
of 0.5M NaOH was then applied and callggted to ensure all the bound
contaminants had been washed off, this will enable a mass balance to be
calculated. 6. The OD280 was then read for all the samples and to
enable a direct comparison. The OD280 values were converted into
peregntages PEiRe20t9! (PRESRN RRAINeHaiespIgting the data 1.
The OD280, was read for each sample at each stage i.e, BT+W, elution,
clean and NaOH wash 252. This value was then multiplied by any dilution
factors. 3. The OD value aften\agj,isted with dilution factor was then
multiplied by the number gfynl in the fraction i.e 20m1 for BT+W, 10m1 for
the other steps. 4. A total en ula fd as the sum of OD value
for each fraction multiplied by the nu mi |$eacIQJraction. 305. The
total OD was then used to calculate the contaminarits in each stage.
-36 - EXAMPLE 4 BINDING PERFORMANCE (ﬁF MATRICES OF THE
PRESENT INVENTION Static capacities The static capacity for matrix

with ligands 1, 2, 3, 4 or 5 (samples 1, 2, 3, 4 5or 5) was measured
accordingTte 4h@ Bregeduies daseidaechaloyeliShatic dapacithionsoligls6g,34
phase matrix with 2-aminobenzimidazol é)ig d L was also, measure

o BRSPS 1 LA S SO g U SRl 1. 37

mmol) was added and the mixture stirred for 4 hours. The reaction mixture was

analyzed by HPLC. The pH of the reaction mixture was adjusted to pH 4.0 with
40% (v/v) sodium hydroxide. The mixture was cooled to 4°C and the brown solid
filtered and washed with water. The material was dried to yield a brown solid 5-
(2H-tetrazol-5-yl)-1H-benzimidazol-2y-amine (4.10g) with a purity of 88%, Rt =7.3
mins. To a suspension of crude 5-(2H-tetrazol-5-yl)-1H-benzimidazol-2ylamine
(4.10g) in water (40ml), the pH was adjusted to 1.2 with 50%(v/v) hydrochloric
acid. Activated carbon was then added (0.2g) and the mixture stirred for 18 hours.
The mixture was filtered and the pH of the filtrate adjusted to pH 3.7 to yield a tan
colored solid. The material was dried (3.01g) and had a purity of >97% by HPLC.
'H NMR (d¢-DMSO0,400MHz) 13.04ppm (0.3H.s), 12.99 ppm(0.3H,s),
8.85ppm(1H,s), 8.074ppm(1H,s), 7.96ppm (dd,8.4Hz,1.2Hz), 7.55ppm(d,8.4Hz).
MS: (Electrospray +) 201.8 m/z(M+),223.7 m/z (M+Na).

(4) [5-(2H-Tetrazol-5-yl)-1H-benzoimidazol-2-yl]-methanethiol hydrochloride (3)

SH

Iz
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Static Capacity (mg/me % elution recovery ligand (mmol/m1) IgG binding
(mg lgGimmol ligand) control 65 95 115 0.6 1 68 90 77 0.9 10Table 1.
Sta ic IgG binding capacity for sample 1. Sample

-30 -

To 4-(2H-tetrazol-5-yl)-benzene-1,2-diamine dihydrochloride (9.40g,37.7
mmol) in 50%(v/v) hydrochloric acid (105ml). 2-mercaptoacetic acid (2.4ml, 3.18g,
34.5 mmol) was added and the reaction mixture heated under nitrogen at 110°C for
48 hours. Additional mercaptoacetic acid (0.5ml,0.66g, 7.20 mmol) was added
after 24 hours. The reaction mixture was cooled and a sample analysed by hplc.
The greenish coloured solid was filtered off and washed with water. The solid was
dried at 50°C under a vacuum (90mBar) to yield [5-(2H-tetrazol-5-yl)-1H-
benzoimidazol-2-yl]-methanethiol hydrochloride (5.27g, 65% yield), Rt=7.4mins,
purity by HPLC> 97%. 'H NMR (dg-DMSO,400MHz) 8.49ppm(1H,m), 8.22ppm
(1H, dd,8.8Hz,1.6Hz), 7.95ppm(1H,m, 9.2Hz), 4.67ppm(0.3H,s), 4.24ppm(2H,s).
MS: (Electrospray +) 233.0 m/z (M+H),463.0 m/z (2M-H).

(%) [5-(2H-Tetrazol-5-yl)-1H-benzoimidazol-2yl]-methylamine (2)
Y
N H\
—
N N
\:
N

H

NH,

To 4-(2H-tetrazol-5-yl)-benzene-1,2-diamine dihydrochloride (6.40g,25.7
mmol) in 50% (v/v) hydrochloric acid (50ml). Glycine (2.60g, 34 mmol) was added
and the mixture heated to 130°C for 120 hours. Additional glycine (2.01g, 26.7
mmol) was added half way through this period. After this time, the reaction was
analyzed by hplc. The pH of the reaction mixture was adjusted to 4.0 with 40%v/v
NaOH. The reaction mixture was cooled to 4°C and the dark colored product
filtered off and washed with water (100ml). The crude product was dried (5.62g)
and had a purity of 93% Rt=7.0 mins. This crude product was suspended in water
(50ml) and the pH adjusted to 1.4 with 50% v/v hydrochloric acid. Activated carbon
was then added (0.59¢g) and the mixture stirred at 20-25°C for 18 hours. The carbon
was filtered off and washed with water. The pH was adjusted to 4.0 with 40%(v/v)
NaOH to yield a light orange solid which was dried under vacuum to yield [5-(2H-
tetrazol-5-yl)-1H-benzoimidazol-2yl]-methylamine (4.22g). Purity by HPLC >98%.
"H NMR (ds-DMSO, 400MHz) 8.31ppm (1H,s), 7.96ppm (1H,d,6.4Hz),
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Static Capacity (mg/me % elution recovery ligand (mmol/m1) IgG binding
(mg lgGimmol ligand) control 63 103 97 0.7 2 58 102 76 0.76 Table 2.
Sta ic IgG binding capacity for sample 2. Sample
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7.70ppm(1H,d, 6.4Hz), 4.38 (2H,s). MS: (Electrospray +) 216.2m/z (M+H),
239.2m/z (M+Na). MS (high resolution EI): Found 215.092339 m/z CoHyN7 to -

1.8ppm mass accuracy.

EXAMPLE 2 IMMOBILIZATION OF LIGANDS TO SOLID PHASE
BACKBONE
General Procedure

To ligand (4.1 mmol) in NMP (2ml) was added water (7ml) followed by
bromine activated allylated cross linked agarose (10ml, 150umol/ml of allyl groups).
10M sodium hydroxide (I1ml) was then added and the mixture rolled for 18 hours at
20-25°C. [For ligands containing thiol functional groups a small amount of NaBH4
was added]. The gel was washed with 10cv of NMP, water, 0.5M HCI, water,0.5M
NaOH and then 20cv water. The filtrate ligand was analyzed by HPLC. The gel
was suspended in 50% ethanol containing 0.5M HCI then washed with 10cv ethanol,
water, 0.5M NaOH and 20cv water. The gels were analyzed by acidometric titration

and elemental analysis.

5-(2H-Tetrazol-5-yl)-1H-benzimidazol-2-yl-amine (1)

To 5-(2H-Tetrazol-5-yl)-1H-benzimidazol-2yl-amine (838mg, 4.1 mmol) in
NMP (2ml) and water (7 ml) was added 10 ml bromine activated allylated
[150pmol/ml of allyl groups] cross linked 6% agarose followed by 10M sodium
hydroxide (1ml). The mixture was rolled for 18 hours at 20-25°C. The gel was
washed with 10cv of NMP, water, 0.5M HCI, water,0.5M NaOH and then 20cv
water. The filtrate ligand was analysed by hplc. The gel was suspended in 50%
ethanol containing 0.5M HCI then washed with 10cv ethanol, water, 0.5M NaOH
and 20cv water.
Titration gave a value of 77umol/ml, elemental analysis gave 61umol/ml based on

nitrogen.

5-(2H-Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione
Similar to the procedure described above using (676mg, 4.1 mmol) of 5-(2H-
Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione and NaBH,4 (3mg). Titration
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Static Capacity (mg/me % elution recovery ligand (mmol/m1) IgG binding
(mg lgGimmol ligand) control 66 101 107 0.62 3 52 103 78 0.67 Table 3.
Sta ic IgG binding capacity for sample 3. Sample
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gave a value of 133umol/ml, elemental analysis gave 177umol/ml based on

nitrogen.

[5-(2H-Tetrazol-5-yl)-1H-benzoimidazol-2-yl]-methanethiol hydrochloride (3)
Similar to the procedure described above using (1.142g, 4.2 mmol) of [5-

(2H-Tetrazol-5-yl)-1H-benzoimidazol-2-yl]-methanethiol hydrochloride and NaBH4

(3mg). Titration gave a value of 78umol/ml, elemental analysis gave 61umol/ml

based on nitrogen.

[5-(2H-Tetrazol-5-yl)-1H-benzoimidazol-2yl]-methylamine (2)
Similar to the procedure described above using (545mg, 4.6 mmol) of [5-
(2H-Tetrazol-5-yl)-1H-benzoimidazol-2yl]-methylamine. Titration gave a value of

76umol/ml, elemental analysis gave 49umol/ml based on nitrogen.

Solid matrices with 2-aminobenzimidazole or 1H-benzo[d]imidazole-2,6-

diamine (5) as ligand were prepared according to the procedures described above.

EXAMPLE 3 IMMUNOGLOBULIN BINDING CAPACITY AND PURITY
MEASUREMENTS
Static hlgG capacity measurement.

Two disposable columns were packed with 2mL of ligand-agarose sample
(46mm above the column frit) for each matrix sample to be tested including one
reference column. The agarose was allowed to settle under gravity in PBS buffer at
pH 7.4. The columns were labeled appropriately.

350 mg of human IgG was dissolved in 7 mL PBS buffer at pH 7.4 for each
colunm to be tested. The human IgG solution was filtered through 0.22 pum filters.

A 1:50 dilution of the filtered IgG solution was prepared by serial dilution
and the concentration of IgG was calculated as follows:

concentration of human IgG (mg/mL) = OD,gonm x 50/1.38

The IgG solution has a concentration of 35-45 mg/mL.

Each column was washed with 4 x 5 mL of PBS buffer. 5 mL of the IgG

solution was loaded to each column and collect the flowthrough (FT) in a glass
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Static Capacity (mg/me % elution recovery ligand (mmol/m1) IgG binding
(mg lgGimmol ligand) control 69 95 114 0.61 4 55 103 118 0.47 15Table
4. Static IgG binding capacity for sample 4. -37 -
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universal. Each column was washed with 4 x 5 mL of PBS buffer to remove any
unbound IgG and the wash was collected into the universal containing the

flowthrough.

The bound IgG was eluted with 10 mL of 0.1 M glycine/HCI buffer pH 2 and

the elution was collected in a glass universal.

The two universals were mixed for about 5 minutes.

The ODygonm of IgG in each universal was measured using the
spectrophotometer and a 1.5mL quartz cuvette. PBS was used as blank when
measuring the flowthrough and wash and 0.1 M glycine/HCI buffer was used as
blank when measuring the elution.

The volume of ligand-agarose in the column was determined by measuring
the bed height (mm). Percentage of recovery was calculated by the sum of IgG in
the flowthrough, wash and elution divided by the total amount of IgG loaded. IgG
capacity (mg/mL) was calculated by the amount of IgG in elution divided by the
column volume. Ligand utilization value (mg/ml) was calculated by dividing the

amount of IgG eluted with the amount of ligand (mg) in the matrix.

Polyclonal Dynamic Capacity Measurement.

Using a standard Dynamic capacity method (20%BT, 10% BT + 10% non-
binding) and standard buffers, 2ml of each sample was packed into an Omnifit
column and hIgG was applied to 20% breakthrough. The protein was then eluted
and the column cleaned, the OD»g, of the elution was measured and the volume of

hlgG applied was noted. Measurement conditions are listed below:

Flow rate 2.5min res time (0.8ml/min)
Equilibration buffer PBS pH 7.4

Load Img/ml IgG PBS pH 7.4
Wash PBS pH 7.4

Elution 0.1M Glycine pH 2

Clean 0.5M NaOH

The amount of IgG required to achieve 20% BT was determined by the

following procedure.
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Sample Static Capacity (mg/me % elution recovery ligand (mmol/m1) IgG
binding (mg IgGimmol ligand) control 65 95 115 0.6 544 93 40 1.1 Table
5. Staic IgG binding capacity for sample 5.
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A solution of IgG was passed through a test column containing solid phase
matrix of interest in bypass mode until a plateau level was reached. The amount of
IgG is measured in terms mAU. An amount of IgG equal to 20% of the amount of
IgG in the flowthrough was loaded onto another column packed with the solid phase

matrix followed by washing and eluting IgG from the column.

Feedstock Capacity Assay

Using a standard feedstock method and standard buffers, 2ml of each sample
was packed into an Omnifit column (0.66cm) and Anti-nip feedstock was applied
until 20% breakthrough was reached (as determined by a separate Protein A

column). The protein was then eluted and the column cleaned. Assay conditions are

listed below:
Flow rate 2.5min res time (0.8ml/min)
Equilibration buffer PBS pH 7.4
Load Anti-nip (wave 74&75) pH 7.4
Wash PBS pH 7.4
Elution 0.1M Sodium Citrate pH3
Clean 0.5M NaOH

The amount of anti-nip feedstock required to achieve 20% BT was
determined by the following procedure.

The Anti-nip feedstock was loaded onto a test column containing solid phase
matrix of interest until the flowthrough reached a plateau. The flowthrough was
collected in aliquots and analyzed for IgG content ( using a Protein A affinity
column). The 100% BT was determined when mAu of IgG in the start feedstock
(analyzed on a Protein A affinity column) is equal to mAu of IgG in the flow
through from the test column. An amount of Anti-nip feedstock corresponding to
20% BT was loaded onto another column packed with solid phase matrix of interest

followed by washing and eluting IgG from the column.
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As shown in Tables 1-4, samples 1-5 have comparable or superior static
binding capacity comparing to control sample. Specifically, samples 1 and
5 have a 5much higher ligand utilization value comparing to the control
sample. Feedstock capacity Feedstogk capacities for samples 1-5
were measured using anti-nip feedstock and the data are summarized in
Table 6. Feedstock capacity for solid phase matrix 10 with

2- ahﬂmﬁarﬁimdmgzsta@svu@larm—lmamﬁdﬁom@asured as control. Purity of

the IgG e & re determined lumn Purity perce 1S
calculate r&ﬁé?rlnougt 0 Slblif oun %%é@& ik |v u(ﬂ?{/ ing of the
tota:hzammsratfcohégﬁemntedvmteumﬂmblogammghr(@n[a%@vashathgIﬂution, the

O 4 DB 2T 5 IO S0 9 TR e
0.5M NaOH wash were collected and values of the OD,gonm Were recorded.
Measurement

1. 1ml of each matrix sample was measured in a small gravity fed column and
equilibrated using 15ml PBS pH 7.4

2. 10ml of CHO Medium 5 was applied and allowed to drip through, the BT
was collected in a universal, 10ml of PBS was then applied and this flow
through (FT) was collected in the same vessel.

3. 10ml of the elution buffer 0.1M glycine pH 2 was applied and the FT was
collected

4. 10ml of the hexa, pH 1.5 was applied and collected to clean the matrix.

5. 10ml of 0.5M NaOH was then applied and collected to ensure all the bound
contaminants had been washed off, this will enable a mass balance to be
calculated.

6. The OD2gonm Was then read for all the samples and to enable a direct

comparison. The ODygonm values were converted into percentages of the

total OD»gonm Obtained.

Interpreting the data

1. The ODsgonm Was read for each sample at each stage i.e, BT+W, elution,
clean and NaOH wash

2. This value was then multiplied by any dilution factors.

3. The OD value after adjusted with dilution factor was then multiplied by the
number of ml in the fraction i.e 20ml for BT+W, 10ml for the other steps.

4. A total OD was then calculated as the sum of OD value for each fraction
multiplied by the number of ml in each fraction.

5. The total OD was then used to calculate the % of contaminants in each stage.
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26 12 74 3 38 12 80 4* 24,24 29,38 46,68 5 27 45 60 Table 6.
Feedstock 1gG binding capacity for samples 1-4. * based on two
15determinations. As shown in Table 6, samples 1 and 5 have similar
anti-nip capacity comparing to the controjgHowever, IgG purity eluted from
Sample 1 is higher than that eluted from the control sample. Samples 2
and 3 has similar frontal analysis 20 values and lower elution values
corBaY M@ Itd: 4h a3 ENIDI (e RBERIFOIRSSIAD! € Hrdlicht G RETRSIEF 2T FRESENT
binﬂ]tgﬁ 1%E\c])nger than the control sample. The purity of IgG eluted from
samples 2 and 3, however, are significantly higher than the - 38 -

Static capacities

The static capacity for matrix with ligands 1, 2, 3, 4 or 5 (samples 1, 2, 3, 4
or 5) was measured according to the procedure described above. Static capacity for
solid phase matrix with 2-aminobenzimidazole as ligand L was also measured as
control.

Tables 1-5 summarize the static capacity data.

Static Capacity | % elution ligand IgG binding
Sample (mg/ml) recovery | (umol/ml) |(mg IgG/pmol ligand)
control 65 95 115 0.6
1 68 90 77 0.9
Table 1. Static IgG binding capacity for sample 1.
Static Capacity |% elution ligand IgG binding
Sample (mg/ml) recovery [ (umol/ml) |(mg IgG/umol ligand)
control 63 103 97 0.7
2 58 102 76 0.76
Table 2. Static IgG binding capacity for sample 2.
Static Capacity | % elution ligand IgG binding
Sample (mg/ml) recovery [ (umol/ml) |(mg IgG/pumol ligand)
control 66 101 107 0.62
3 52 103 78 0.67
Table 3. Static IgG binding capacity for sample 3.
Static Capacity | % elution ligand IgG binding
Sample (mg/ml) recovery | (umol/ml) |(mg IgG/umol ligand)
control 69 95 114 0.61
4 55 103 118 0.47

Table 4. Static IgG binding capacity for sample 4.
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control sample. Sample 4 has a slightly lower anti-nip binding capacity
comparing to the control sample. Impurity binding of samples 1-5 were
also compared with that of the control sample by visualizing the color of
elution solution (solution eluted with 0.1M-bsodium citrate at pH 3) and the
color of strip solution (solution collected with 0.5 M NaOH wash). The
elution solution and strip solution for control sample were cloudy and
yellow. The elytnisaliapacigr|desétipisa|utionigansample 1 wersialéiapand
slightiyaygilew. | The(elgtiol solutm\fefysanqplﬁca/mgs e [aH sightlgand)
yeIIov% H}Slelwon soégtlon for sar@fple 3 was Hgar anp colorle%s6The
| tromsorotron for J.U bd.lllpl 4|- was LﬂUIIUbb dIIU bll :]Illly uuuuy I IIU
elution solution for safdple 5 was &&ar and coffrless. [Thereford, kamples
1-5Tizdudiel 8sStetilorgtintdimbity anptivatydothmphti@l. Polyclonal dynamic
binding capacity 15Polyclonal dynamic binding capacities for samples 1-4
were measured and compared to the control sample (solid phase matrix
with 2- ammi)ld&nziniuidﬁableSaﬂs4Lgand)lc)a ﬂ'ﬁdlwneﬁmp}apbﬂcit;r dapariatr static
erature with 20% re |de me, are
T R e S T Y e

34 much hlgher ligand utilization value comparing to the control sample.

Feedstock capacity
Feedstock capacities for samples 1-5 were measured using anti-nip feedstock
and the data are summarized in Table 6. Feedstock capacity for solid phase matrix
with 2-aminobenzimidazole as ligand was also measured as control. Purity of the
IgG eluted were determined by using PrA column. Purity percentage is calculated
by the amount of IgG bound to a PrA column divided by the total amount of IgG

eluted, determined by measuring OD2gonm.

sample Frontal analysis Elution % 1gG Purity
DBC 20% BT, 2.5 min| (mg IgG/ml)
RT
(mg/ml)

control 31 34 64

1 31 34 70

2 26 12 74

3 38 12 80

4* 24, 24 29, 38 46, 68
3 27 45 60

Table 6. Feedstock IgG binding capacity for samples 1-4. * based on two
determinations.

As shown in Table 6, samples 1 and 5 have similar anti-nip capacity
comparing to the control. However, IgG purity eluted from Sample 1 is higher than
that eluted from the control sample. Samples 2 and 3 has similar frontal analysis
values and lower elution values comparing to those for the control sample,
indicating samples 2 and 3 bind to IgG stronger than the control sample. The purity

of IgG eluted from samples 2 and 3, however, are significantly higher than the



272191731964 29265 3021 20 Table 7. Po yclonal IgG dynamic
binding capacity data for samples 1-4 and control sample. Samples 1
and 4 have similar or slightly lower polyclonal dynamic binding capacities
comparing to the control sample. - 39 - figput* binding with (HO 5
Medium impurity binding of samples 1,2 and 4 were measured using
CHO 5 medium. Impurity binding of the control sample and XL allytated

aganoss beanisl {aGaropke Bdads wight hkweenentimine bimdiop itmed ibutomparing
we et%ut thrggph imliréobilization procedure) were also measured. The

bin(ﬁ)lnge(fé)% aré SUltharized in Tables 8-10. Table 8. 1 npurity binding

data for shmpleity, lhodingl Haranpldearid Skead ylatecbagaredevithitigh GH @ Scontrol

mes%irlill%}e by visualizing the color of elution solution (solution eluted with 0.1M

5 sodium citrate at pH 3) and the color of strip solution (solution collected with 0.5 M
NaOH wash). The elution solution and strip solution for control sample were cloudy
and yellow. The elution solution and strip solution for sample 1 were clear and
slightly yellow. The elution solution for sample 2 was clear and slightly yellow. The
elution solution for sample 3 was clear and colorless. The elution solution for
10  sample 4 was colorless and slightly cloudy. The elution solution for sample 5 was

clear and colorless. Therefore, samples 1-5 had less color binding than that of the

control.

Polyclonal dynamic binding capacity

15 Polyclonal dynamic binding capacities for samples 1-4 were measured and
compared to the control sample (solid phase matrix with 2-aminobenzimidazole as
ligand L). The binding capacity data at room temperature with 20% BT and 2.5 min

residence time, are listed in Table 7.

sample Frontal analysis Elution

(mg/ml) (mg/ml)
control 39 34
1 34 27
2 19 17
3 19 6
4 29 26
5 30 21

20  Table 7. Polyclonal IgG dynamic binding capacity data for samples 1-4 and control
sample.

Samples 1 and 4 have similar or slightly lower polyclonal dynamic binding
capacities comparing to the control sample.

25
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total contaminants

Impurity binding with CHO 5 Medium

Ye NaOHbound (%) Total

-39 -

Impurity binding of samples 1, 2 and 4 were measured using CHO 5

medium. Impurity binding of the control sample and XL allylated agarose beads

(agarose beads which have no ligand immobilized but were put through

immobilization procedure) were also measured. The binding data are summarized in

Tables 8-10.
% total contaminants
Total | %BT [%Elution| %Clean | NaOH strip bound (%)
XL
allylated | 97.66 | 97.3 1.45 0.9 0.3 2
control | 90.47 | 75.8 20.34 2.5 1.3 23
1 90.99 | 85.1 10.65 2.5 1.8 13

Table 8. Impurity binding data for sample 1, control sample and XL allylated
agarose using CHO 5 medium.

% total contaminants
% % NaOH bound (%)
Total | %BT | Elution | Clean strip
control [ 86.27 [ 74.9 | 20.29 4.0 0.82 25.12
2 95.58 | 98.1 1.22 0.6 0.08 1.86
Table 9. Impurity binding data for sample 2, and control sample using CHO 5
medium.
total contaminants
bound (%)
Total | %BT %E %Hexa NaOH
Control | 97.13] 75.4 18.78 5.9 0.00 24.64
4 101.39] 96.3 2.06 1.7 0.00 3.74

Table 10. Impurity binding data for sample 4, and control sample using CHO 5

medium.

As shown in Tables 8-10, samples 1, 2, and 4 bind significantly less
impurities comparing to the control sample.

All references referred to herein are incorporated by reference in their

entirety.




%BT t' on Clean snip control 86.27 74.9 9 4.0 0.8225.12 2 95.58 98.1
1.22 0.6 0.081.86 Table 9. Impurity binding datebr sample 2, and control
sample using C}-10 5 medium. IS

- 40 -

While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



total contaminants bound (%) , 24.64 3.74 Table 10. Impurity bidata
forple 4, akE d ontrol sample using CHO 5 medium. 20As shown in Tables
8-10, samples 1, 2, and 4 bind significantly less impurities comparing to
the control sample. All references refgryed 10 herein are incorporated
by reference in their entirety. - 40 - While this invention has been
particularly shown and described with references to example
embodiments thereof, it will be underst Alﬁ(/lgqose skilled in the art that
various changes in form and details may be made therein without
departifghfroincthinsdape of the invention encompassed by the appended
claims. -41 - CLAIMS

Ly A method for isolation of immunoglobulins from a solution containing one
or more immunoglobulins, comprising:
5 a) contacting the solution containing one or more immunoglobulins with a
solid phase matrix of the general formula
M-SP-L,
wherein M designates the matrix backbone, SP designates a spacer, and L

designates a ligand represented by the following structural formulas:

10
R5‘_N/N:::N N//N \{‘I
\N/ N \N N
N,
N N
or a tautomer thereof, wherein:
R is -Z-N(Rs3)z, -Z-SR3, or —Z-OR3;
15 R; is -H;
Rs is —H and
Z is a single bond or a substituted or unsubstituted alkylene;
b) separating the solid phase matrix having immunoglobulins bound thereto
from the solution;
20 ¢) optionally washing the solid phase matrix; and
d) contacting the solid phase matrix with an eluent in order to liberate the
one or more immunoglobulins from the solid phase matrix, thereby isolating
the immunoglobulin.
24 The method of Claim 1, wherein Z is a single bond.
25
3 A method for isolation of immunoglobulins from a solution containing one

or more immunoglobulins, comprising:



What is claimed is: A method for isolation of immunoglobulins from a
solution containing one or more immunoglobutins, comprising: a)

contacting the solution containing one or more immunogiobulins with a

solid phase matrix of the general formula M,SP-L, wherein M designates

the matrix backbone, SP designates a spacer, and L designates a ligand
represented by the following structural formulas: or a tautomer thereof,
wherein: Ri isVZNHRE)S, the soRtpraonfagise 3niR e PR sinHny with a
a single bondgri@ snastikied anahseRsiiteieshrlkylene; h) separating the
solid phase matrix ﬁ% irnrnunoglobutins bound thereto from the

solution; 20e) optio v'}éishing the solid phase matrix; and di contacting
the solid phasehereitniiiwlitsiguateiba tiatix deckboib iRt detenatae aospaverecand L
imgunoglobus e . SHYL RS BY the AIRANI AR B yas
immunogiobulin. The metho O?C aim |, wherein Z is a single bond. 25 A
method for isolation of iminunogiobulins from a solution containing one or
more immunoglobutins, comprising: a) contacting the solution containing
one or more immanoglobulins with a solid phase matrix of the general
formula M-SP-4/" wherein M designates the ix backbone, SP

designates a $Pacerland kndesigpates a Iig@,\?l represented by the
\>_ = N
@ . ik " >CH;NH;

following structurdl for
N
H

10 b) separating the solid phase matrix having immunoglobulins bound thereto
from the solution;
¢) optionally washing the solid phase matrix; and
d) contacting the solid phase matrix with an eluent in order to liberate the
one or more immunoglobulins from the solid phase matrix, thereby isolating

15 the immunoglobulin.

4, The method of Claim 3, wherein the pH of the solution containing one or

more immunoglobulins is in the range of 2.0 to 10.0.

i The method of Claim 3 or 4, wherein the matrix backbone is agarose.
20



10b) separating the solid phase matrix having imEnn :.)globutins bound
thereto from the solution; c) optionally washing the solid phase matrix;
and d) contacting the solid phase matrix with an &tient in order to
liberate the one or more immunoglobtaling fgom the solid phase matrix,
thereby isolating 15the immunoglohulirt. The method of Claim 3, wherein
the pH of the solution containing one or more inannunoglobulins is in the
range dt-2,0 td F0RF AL MK SR ETAE D 1 et BSTT s SRR SP is
baeki)onT Thepnrsthed by dryfarevoigGtainuga3 to 5, wherein the spacer
SP is represe ing col'Hula. -(0-C1.2C14(014)-CF12)"-,
herein n s BOEEa KO B 10 MHRE o dF Sy S e 3
to 6, wherein the solution containing one or more immunoglobulins has a

total salf contgi GUIRRPANANGHO AT IRMIE 3B RNAMLREAHNG MRS &oBiaining one

and lyotropie salts in a concentration of at the most 0.4 M. The method of

any one of CIQHY rrutelebiiing basarishselb A GUrraRoningdo an ionic

immunoglobubsnaasoner ethapte sakindsekichpase matoaenataion of at the

formula: M-SP-L e[{)Fin M designates the matrix backbone, SP
. most 0.4 M. . :
designates a spacer, and L designates a ligand represented by one of the

following structural formula: or a tautomer thereof, wherein:

10 8. The method of any one of Claims 3 to 7, wherein the solution containing one

or more immunoglobulins has no lyotropic salt.

9. A solid phase matrix represented by the general formula:
M-SP-L,
15 wherein M designates the matrix backbone, SP designates a spacer, and L

designates a ligand represented by one of the following structural formula:

Ny N—
ol I
\F N
\>7R1 or Rls \>—R1
g N
20 or a tautomer thereof, wherein:
R; is —Z-N(R3),, -Z-SR3, or —Z-OR3;
Rj3 is —H;
Rs is —H; and
Z is a single bond or a substituted or unsubstituted alkylene.
25
10.  The solid phase matrix of Claim 9, wherein Z is a single bond.
11. A solid phase matrix represented by the general formula:

M-SP-L,



Riis -Z-N(R3)2, -Z-SR32 or -Z-OR-3; R3is Rs is -H; and Z is a single
bond or a substituted or unsubstituted alkyiene, 10. The solid phase
matrix ofclaim 9, wherein Z is a single bond. 11. A solid phase matrix
represented by the general formula: M-SP3,9 44 wherein Ni designates
the matrix backbone. SP designates a spacer. t designates a liggnd
represented by. the fol towing, structural formulas: HN 5 12.The solid

phase matrix. WIFEIAM 195igRL iR tha FRRA Bk B tieagy et dwaserwd L
solid phase ma#ixnafcClaliguhd apsuinereintbdspades SRdsirgesenied

by the following tbrunda: ---(0,(14A.14(010-4114:40e-, wherein n't is an
into ID. 14.A compound represented by the o owing structural formulas:

N—

/ N Ny

HN
\N/ N

N
1 N
N"‘—-..

/ T\

s 29
I=

N
o \>7N H,

HaN

=

5
12.  The solid phase matrix of Claim 11, wherein the matrix backbone is
13.  The solid phase matrix of Claim 11 or 12, wherein the spacer SP is
represented by the following formula:
10 —(O-CH,CH(OH)-CH3),y—, wherein m is an integer from | to 10.

14. A compound represented by the following structural formulas:-

HN
\ \N/ N
= \>*C|-czs~.u-|2

SH

agarose.
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MNa—
N
HN/ . /N§N
\N/ HN

N
: \ = N
\ e N \>_CH2N Hz

=

o

N\ = N

or N \>“H

Iz
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