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The present invention relates to an
an adsorption device for adsorbing i munogl obul ins

and/ or 10 I mmunogl obul i n conpl exes, and a nethod for adsorbing argdo14
renovi ng i mmunogl obul i ns and/ or i nmmunogl Dbl i n conpl exes.

BACKGRCOUND ART
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t he hope of preventing the progress of the above-nen-
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The present invention relates to an adsorbent and
an adsorption device for adsorbing immunoglobulins and/or
immunoglobulin complexes, and a method for adsorbing and

removing immunoglobulins and/or immunoglobulin complexes.
BACKGROUND ART

In recent years, it has become c¢lear that, in
autoimmune diseases such as rheumatoid arthritis, system-
ic lupus erythematoses, Guillain-Barré syndrome, and
idiopathic thrombocytopenic purpura, or in diseases such
as glomerular nephritis, rejection of :transplanted
organs, tumor, and infectious disease, immunoglobulins
and/or immunoglobulin complexes present in the blood have
a close relationship with +the cause or progress of
diseases and/or phenomena.

Under the above-mentioned circumstance, several
adsorbing and removing materials have been utilized in
the hope of preventing the progress of the above-men-
tioned diseases, relieving the conditions, and further-
more -promoting healing by specifically adsorbing and
removing immunoglobulins and/or immunoglobulin complexes
from the body fluid such as the blood and the plasma.
For example, an immune adsorbent (Japanese Laid-open
Publication No. 62-242628) in which protein A capable of

in



tioned diseases, relieving the conditions, ‘and further- nor e

-pronoting healing by specifically adsorbing and 30 r enovi ng

i mmunogl obul i ns and/ or i nmunogl obul i n conpl exes fromthe body fluid
such*as the bl ood and the pl asma. For exanpl e, an i mune adsorbent
(Japanese Lai d-open Publ i cati on No. 62-242628) in which protein A
capabl e of -2- bi ndi ngfR®L4

i mmunogl obulins is immobilized onto 4 Mca matrix is known as an
adsorbent which is highly specific to i mmunogl obulin G and

I mmunogl obul i n conpl exes t hereof. Furt hernore, an adsorbent (Japanese

Lai d- open Publ biatiiomg To imdundgldid?Binds fsrimmobhbize8ubnte and/idrica

i nmunogl obul i . i ' hC s i . s
oy i ged | metrio LEIAEET o Wil sadbopent BRI sS HARNY, shectsic
applied in Japde immgpoglobulin GHang\immundglohisloih @emplexds thedeodh used
e.g., t&%f4% - t Lan e |41 [ -,
\(/an?ages. Speci ic%\iﬁﬂﬁﬁgr ggeﬁﬁségﬁ\%h?cgﬁaéﬁgeﬁﬁaﬁ:d;r@e&%bq.'ig%}&&n is a

het er ogen8us pMet-eiS7 -HRAAEYP Ja fiaxt demunoglobulinsg gmd/er dpownoglcind in
dal tons der | vedn@: Ry et o hydrddtory St had seebieed

adsorbent is used in contact th the bod id, protein Ais eluted
and its antigefnto anpipsplubd® GREE1ST (Ragf fddtandy) Reeph&lenical ly

pr obl em Gppitidd liid YogBHri hg sterilization of the adsorbent,
therefore sterilization nethod is Iimted. Additionally, 20 storage
stability is not sufficient after protein Ais | mmobi |l i zed onto a

silica marix; and the Howezed,urgheeadsorbentwhecht hesdean hewed f(a.g. ,
| mmnogl obu) | NS U WML onea ad30RhEAES£HhERLARSH) el Iy dapanese

vantages. Specifically, protein A, which is a functional

group, is a heterogenous protein having a molecular

weight of about 42,000 daltons derived from Staphylococ-~

15 cus aureus, so that when the adsorbent is used in contact

with the body fluid, protein A is eluted and its antige-

nicity may cause side effects. Also there is a problem

of stability during sterilization of the adsorbent,
therefore sterilization method is limited. Additionally,

20 storage stability is'not sufficient after protein A is
immobilized onto a silica matrix; and the like. Further-

more, the adsorbent for immunoglobulins and/or immune

complexes thereof described in Japanese Laid-open Publi-

cation No. 57-122875 has the disadvantages of poor

25 adsorbing characteristics such as adsorption specificity

to a substance of interest and adsorbing capacity (I.
Amano et al., "Blood purification therapy,'lst part",
Japanese -Journal of Clinical Medicine, Vol. 49, pp. 649-
654 (1991 sup.). Accordingly, in terms of the safety,
30 stability, adsorbing specificity, adsorbing capacity, and
the like, the conventionally known adsorbent for adsorb-

ing immundglobulins and/or immunoglobulin complexes is

not necessarily suitable for use in treating diseases



cati®n No. 57-122875 has the di sadvantages of poor 25 adsor bi ng

characteristics such as adsorption specificity to-a substance of

i nterest and adsorbi ng capacity (I. Amano et al., "Blood purification
t her dpy, 1st part", JapaneseJournal of Cinical Medicine, Vol. 49,

pp. 649- 654 (1991 sup.). Accordingly, in terns of the safety, 30
stability, adsorbing specificity, adsorbing capacity, and t hEADLKe,

t he conventionally known adsorbent for dsorb- i ng i mmunogl obul i ns
and/ or i mmunogl obulin conpl exes is not necessarily suitable for- use
In treating diseases - 3- caused

by the presencefisddeppbaye ;mﬁﬁéﬁedopaéﬁ@%we-mentim%ﬂ%ﬁéﬂﬁc
and/ or i mmunogl obulin conplexes in the

DI SCLOSURE OF TEyneghapehins and/or 1mmuﬁ?&4$§ﬂ¥kﬂl9€mﬁﬁeﬁﬁ§ pesthe
I nvention is t ®ody £pid¥lde an adsorbent with high stability and safety
whi ch has hi % adsorbing specificity to i munogl obulins and/or 10

i mmunogl obul i n conplexes and whose adsorbi ng character- i stics

decrease IS ss during sterilizpiBCRLOSURE QFATHE ANVENTIONISOrption device
usi ng the adsorbent, and a nethod for adsor bi ng -and -renovi ng

I mmunogl obul i ns and/ or i nmuno- gl obul i n conpl exes, 15 The
i nventors of the presenThe noijeictiveoneifdethesl presentheiteentiont i €b)

var i ous brotel N5e8bfab N bdébitfent wivl HEGIPSRRY11R, Y 04:8L9' Shin
has high adsorbing specificity to immunoglobulins and/or
10 immunoglobulin complexes and whose adsorbing character-
istics decrease less during sterilization or storage, an
adsorption device using the adsorbent, and a method for
adsorbing and removing immunoglobulins and/or immuno-
globulin complexes.
15 ' '

The inventors of the.present invention considered
the factors that (1) wvarious proteins are known to be
immunoglobulin binding proteins, such as protein A,
protein G, protein H, protein L, and a rheumatoid factor

20 (N. Tsuchiya, Clinical Immunology, Vol. 23, pp. 896-903
(1991); P. Akesson et al., Mol. Immunol., Vol. 27, pp.
523-531 (1990); and L. Bjorck, J. Immunol., pp. 1194-1197
(1988)) have substantially high adsorbing specificity to
immunoglobulins and/or immunoglobulin complexes, (2) a

25 peptide having tens of amino acid residues or about ten
' or less amino acid residues has antigenicity to a living

- organism which is much smaller than that of a heteroge-

“ nous’ natufally-occurring macromolecule protein, and

(3) such a short peptide has high stability which is

30 represented by thermal stability, particularly high
stability to sterilization and storage stability. We
generated various peptides from immunoglobulin binding
prpteins and studied them. As a result, we succeeded in




protein G protein H, protein L, and a rheumatoi d fact orm20 (N
Tsuchiya, dinical |munology, Vol. 23, pp. 896-903 THIT SHEET HAS BEEN
Akesson et al., M. Immnol., Vol. 27, pp. 523-531 (19RQFp LI\C‘EB
Bjorck, J. Inmunol., pp. 1194-1197 (1988)) have substeafttai+y—kigh
adsorbing specificity to I munogl obul i ns and/ or innunoglobulln
conpl exes, (2) a 25 peptide having tens of am no acid residues oga@bsut
ten or less am no acid residues- as- antigenicity to a living

organi smwhich is much snmaller than that of a heteroge- nous
natural |l y-occurring nmacronol ecul e protein, and (3) such a short
peptide has hi 44 T | : e d h
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-4- obt ai ni ng a peptide which has hi gh t her q stability, drug
stability, and/ASSOHRMg FRRECHFYs MR FesPeGhcte inmunpgbebnhids RRYPHN
hi gh adsosbi ng 1mﬁﬁ1aglejﬂwalaﬂdzompleﬁ5@réohﬁaeﬁaaacaha WhiBnhr &S RECH -
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a partial peptla:lq)aﬁtgmlot;ﬁ;rtﬁe of protein G. Protein Gis one of the

I mmunogl obul i n bi nding 10 proteins, which has a nol ecul ar wei ght of
about 50, 000 daltons and is present on a bacteria cell wall of Strep-
tococcus. The cDNA of Fmitdim GGhas aneaalf bhenicmunmedilobulin Bededbimg an

ani no_acig) seqyence, ALl Ghodn ! hoD (e ar weiBhe! Bl Bk 56458 1°

consist 0O am no aci d resi
daltons and is present on a bacteria cell wall of Strep-

tococcus. The cDNA of protein G has already been cloned.
Based on an amino acid sequence predicted from the cDNA,
protein G is assumed to consist of 448 amino acid resi-

15 dues. Furthermore, it has been assumed that several

similar repeated amino acid sequences are present in the
predicted amino acid sequence, and that the repeated
amino acid sequences are binding domains to albumin and
immunoglobulins. See, for example, S.R. Fahnesyook et
20 al., J. Bacteriol., Vol. 167, pp. 870-880 (1986); U.
Sjobring et al., J. Biol. Chem., Vol. 266, pp. 399-405
(1991). In B. Guss et al., EMBO J., Vol. 5, pp. 1567-

1575 (1986), a repeated amino acid sequence region

represented by Cl, C2, or C3 suggesting an immunoglobulin
25 (IgG) binding domain in the sequence of protein G is
described. When common amino acids and amino acids which
are not common in each amino acid seguence of Cl, C2, and
C3 are summarized, the amino acid sequence of the IgG
binding domain is as represented by SEQ ID NO: 1 of
30 Sequence Listing.

Furthermore, the inventors also studied steril-

ization stability of C3 peptides to y-ray sterilization

This Sheet Has Been Replaced




15 dues. Furthernore, it has been assuned that several simlar

repeated am no aci d sequences are present in the predi cted am no acid
sequence, and that the repeated am no aci d sequences are binding
domai ns to al bum n and I mmunogl obulins. See, for exanple, S. R
Fahnesyook et 20 al., J. Bacteriol., Vol. 167, pp. 870-880 (1986)
Sjobring et al., J. Biol. Chem, Vol. 266, pp. 399-405 (199¥ﬁ0 In B.
Guss et al., EMBOJ., Vol. 5, pp. 15672 - 1575 (1986), a repeated am no
aci d sequence region represented by Cl, C2, or C3 suggesting an

I mmunogl obul in 25 (119G binding domain in the sequence of protein Gis

descri bed. V\hedsycb&mnngmmocacipbpamdeamwhﬁcm:iijs winechof the askovet
conmbn in each a

the am no aci f"¥® n%rﬁ% g?psf eeslr’]tg%gfa b C% foundcétgi'f PHOTRbhZ e,

i'Sas represented
by SEQ I D NO dtabiBOty ofetfigpeptidesi wgs not necessarlly suffheiente, the

nventor s al Sonsiydied Gleliltea varibd! pAPerhali khhYsthafdaPgRbhdesrt o
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necessarily sufficrent generat ed various_pepti des_and
studi ed them fefiBg a Q?@ﬁtﬁpzéﬂgﬂﬂ%ﬁ¥&ﬂg|¥%Fﬁﬁ#%ﬂﬁces§$vélyeﬁﬁatnyﬁg any
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engi neering techni que a resul we obtajped a tlde %h
has high aff%ﬁWP?OQ%BPUllnS ?ﬂﬁﬁﬁﬁg%ﬂ%ﬁ??Q&P%ﬁ&ﬁ?ﬂcq %# ic

ﬁong: exesp in whechddbrbinddecagaeiivngofapagdptide alngamajel¢| gamnys
ar :

y damaged by yY-ray sterilization, and which has excellent
thermal stability and drug stability, thereby achieving

the present invention.

15 In an adsorbent for adsorbing immunoglobulins
and/or immunoglobulin complexes of the present invention,
a peptide capable of adsorbing immunoglébulins and/or
immunoglobulin complexes is immobilized onto a water-
insoluble carrier, and the peptide has one or two kinds
20 of amino acid sequences selected from the amino acid se-

quences represented by SEQ ID NO:1 of Sequence Listing.

In an adsorbent for adsorbing immunoglobulins

and/or immunoglobulin complexes of the present invention,

25 a peptide derivative is immobilized onto a water-insolu-
ble carrier, and the peptide derivative includes at least

one of deletion, substitution, insertion, and addition of

" an amino acid with respect to the amino acid sequences
represented by SEQ ID NO: 1 of Sequence Listing, and is

30 capable of adsorbing immunoglobulins and/or immunoglobu-

lin complexes.

In a preferred embodiment, at least one of the



damaged by [err]-ray sterilization, and which has excellent t her mal

stability and drug stability, thereby achieving t he present

i nventi on. 15 In an adsorbent for adsorbing i mmunogl obul i ns
and/ or i mmunogl obulin conpl exes of the present invention, a peptide
capabl e of adsorbi ng i munogl obul i ns and/ or I mmunogl obul i n conpl exes
is imobilized onto a water- i nsol ubl e carrier, and the pepkadadhas
one or two kinds 20 of am no aci d-sequences selected fromthe am no acid
se- guences represented by SEQ ID NO 1 of Sequence Listing.

I'n an adsorbent for adsorbing i munogl obulins and/ or i mmunogl obulin
conpl exes of the present vent 2 . &, pept M is -

i mobi | i zed on?roge]\fvg BF- Pr%sﬁhéqual gtgFlflpffl kei(FLi%lgdegﬁ ei é ray

derivative incéteeslazatiantstabiligye éﬂddbi@hrnﬁesguﬁgtVPBPFoﬁterll‘
I nsertion, andlQggighogtgﬁllltgdogntﬁg‘QBO@QLﬁeﬂtignéQSBEEE138 §B8eiggLno

aci d sequences r'epr esent Sequence Ljsting, and
is 30 capabFeVQfladSEPEPﬁgdlﬁﬁﬁﬁo&h@&upﬁné BﬂHFb@elﬁﬁHHBQIGBS amino | p

conpl exessg acid sequencel ReprRistifidehyesrodiimeno: at. | east one of the
- 6- properties of thermal stability, drug stability, [err]-ray

sterilization stability, and high-pressure vapor steril- | zation
stability of the aboverfer! i gpeflepeeti @épddimeat, thet apevesmempioned over

that of a peptbg% gaélnge£2$at1vg includes the amino acid sequence
represented by SEQ ID NO: 3.
10
In a preferred embodiment, (Lys)n or (Cys)m is
added to an amino terminus and/or a carboxyl terminus of
the above-mentioned peptide or peptide derivative,
wherein n and m are integers of 0 to 9.
15
In a preferred embodiment, the above-mentioned
peptide or peptide derivative consists of an amino acid

sequence of 70 amino acids or less.

20 In a preferred embodiment, the adsorbent is

subjected to high-pressure vapor sterilization.

In a preferred embodiment, the adsorbent is
subjected to y-ray sterilization.
25
In a preferred embodiment, the above-mentioned

water-insoluble carrier is porous.

In a preferred embodiment, the above-mentioned

30 water-insoluble carrier is hydrophilic.

In a preferred embodiment, a molecular weight of

the exclusion limit of the above-mentioned water-insolu-



5 aci d sequence represented by SEQ I D NO 1. In a
preferred enbodi nent, the above:nentioned pepti de derivative includes
the am no acid sequence represented by SEQ ID NO 3. 10

In a preferred enbodi ment, (Lys)n or (Cys)mis added to an am no
term nus and/or a carboxyl term nus of t he above-nenti oned peptide or
pepti de derivative, wherein n and mare integers of O to 9. xhpi14

In a preferred enbodi nent, the above-ngnti oned pepti de or peptide
derivative consists of an am no acid sequence of 70 ami no acids or

| ess. 20 In a preferred enbodinent, the adsorbent s

subj ected to high- e 4 rild I Of. I

preferred enbg%%%e%??§?ﬁg £§§§§%e%?%535532 ggu%FggFeéﬁﬂﬁ%qgrﬁqr§§BUt
sterilization.%2800,000. _In a preferred enbodi ment, the

above- nenti oned wat er -i nsol ubl e carrier is porous. In
a preferred enbodi nent, the above-nentioned 30 wat er -i nsol ubl e carrier

i s hydrophilic. In a preferged snyodimeqtontidis medsoraens| e€uthe

wei ght ofs pret8fitexGlvwen©ibn | Aid e&ed h&crboy@sHBhi hgnethdakemnolasgl u-

immunoglobulins and/or immunoglobulin complexes present
in the blood, plasma, or other body fluids obtained from
a living organism.

10 A method for adsorbing and removing immunoglobu-
lins and/or immunoglobulin complexes of the present
invention includes the step of bringing any of the above-
mentioned adsorbent into contact with a solution contain-

ing immunoglobulins and/or immunoglobulin complexes.

15
In a device for adsorbing and removing
immunoglobulins and/or immunoglobulin complexes of the
present invention, any of the above-mentioned adsorbents
is accommodated in a vessel having an inlet and an outlet
20 for a solution, and the device comprises effluent pre-

venting means for preventing the adsorbent from flowing
out of the vessel.

In a preferred embodiment, the above-mentioned

25 solution containing immunoglobulins and/or immunoglobulin

complexes is the blood, plasma, or other body fluids
obtained from a living organism.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Figure 1 1is a schematic diagram of plasmid
PUCNTMK3P47 for expressing MK3P47 peptide. In a vector

for expressing other peptides described in the examples,



KA014 -7- ble carrier is in the range of
about 150, 000 to about 5, 000, 000. In a preferred

enbodi ment, the adsorbent of the 5 present invention is used for
adsor bi ng and renovi ng i mrunogl obul i ns and/ or i munogl obul i n conpl exes
pr esent in the blood, plasma, or other body fluids obtained from

a living organi sm 10 A net hod for adsorbing and renovikagl4

i mmunogl obu- | i ns and/or imunogl 8bul i n conpl exes of the present
invention includes the step of bringing any of the above- ment i oned
adsorbent into contact with a solution contain- i ng i munogl obul i ns

and/ or i Mmunogl geall d -GRMY 47 Peptide mserteglnbe%wegﬁvhéﬁl lflﬁ?ﬁdIII

adsorbing and renovin i mmunogl obul 1 ns and/ I mrunogl obul 1 n
conpl exes of thef PUCNTIKIRAAt1s mamtaerd hunPNG epﬁ@da@@v@th@ﬁt PeRE#des

adsor bents degérggggngﬁdgggg kRkampiessel having an inlet and an outl et
20 for a solution, and the device conprlses ef fl uent pre- venti ng

means for preventing the adsorbent from fl ow ng out of the vessel.
In a prefesred enbodi rremgui-aezabgmaw@enaeaaedraélon sel/ean e€nt AGBENY

mUnog!opul) 1o gNLe! UL o SOPRLAF LS 15,00 ol

BRI EF DESCRI PTI bMagbchiibrD@alW NGS 30 Figure 1 is a schematic
di agram of plasmd PUCNTMK3P47 for expressing MK3P47 peptide. In a
vect or for expressing other peptides described in the exanples,
Figure 3 shows denaturation curves of MK3P47,
10 MP47K3, MP47, and MP47C peptides obtained by using

guanidine hydrochloride.

Figure 4 shows excess heat capacity curves of
MK3G56 peptide obtained by thermal denaturation with
15 DASM-4. '

Figure 5 shows excess heat capacity curves of
MK3P47 peptide obtained by thermal denaturation with
DASM-4.
20
Figure 6 is a schematic cross-sectional diagram
of one example of a device for adsorbing immunoglobulins

and/or immunoglobulin complexes of the present invention.

25 Figure 7 is a graph showing results obtained by
investigating the relationship between the flow rate and

the pressure loss, by using three kinds of gels.
BEST MODE FOR CARRYING OUT THE INVENTION
30 '

I. Definition

In the present specification, various kinds of



KA014 - 8- DNA encodi ng MK3P47 pepti de

I nserted between Ndel-Hi ndll| of pUCNTMK3P47 is replaced by DNA
encodi ng ot her peptides described in each exanple. 5

Figure 2 shows denaturation curves of M356, MK3G56, and MK3P47
pepti des obtai ned by using guani di ne hydr ochl ori de.

Figure 3 shows denaturation curves of M3P47, 10 MP47K3, MP47, Kad4
MP47C peptides obtained by using = 9 guanidine hydrochloride.

Figure 4 shows excess heat capacity curves of MK3G56 pepti de obtai ned
by thernmal denaturation with 15  DASM 4. Figure 5 shows

excess heat capaeidy ssigesedidues arKIbbrepentbde agbimilaskdy Aley nal
denaturation wth re 6..s a schematic

., DASM 4. 20 . Fi .
Cross-secti onala]tﬁ%Jg'?%rrFeS§M’eof %&?é X DTRF BFC aa"i‘fg i EESAEReaq iy
I mmunogl obul i nsasparaghme/ aedifiuag0gloyzyl | b-cpstE axes refsidie preiant L-
I nventi on. |

e | g R L e A AR SR L85 R P Y

5 glycine residue, Ile; L-isoleucine residue, Leu; L-
leucine residue, Lys; L-lysine residue, Phe; L-
phenylalanine residue, Thr; L-threonine residue, Trp; L-
tryptophan residue, Tyr; L-tyrosine residue, and Val; L-
valine residue. Furthermore, in the present specifica-

10 tion, an amino acid sequence of a peptide is described in
such a general manner that the amino terminus of the
peptide (hereinafter, referred to as the "N-terminus") is
positioned on the left side, and the carboxyl terminus of
the peptide (hereinafter, referred to as the "C-termi-

15 nus") is positioned on the right side.

In the present specification, a peptide deriva-
tive refers to a peptide containing at least one of
deletion, substitution, insertion, or addition of an

20 amino acid in the amino acid sequences represented by SEQ
ID NO: 1 of Sequence Listing.

In the present specification, thermal stability

refers to the level of a thermal denaturation temperature

25 of a peptide derivative. The term "having excellent
thermal stability" refers to that a thermal denaturation
temperature of a peptide derivative is higher than that

of a peptide consisting of the amino acids represented by

" SEQ ID NO: 1. As an example of a method for measuring a

30 thermal denaturation temperature, there is a method for
measuring a thermal denaturation temperature in an
agueous solution such as saline by using an adiabatic

type differential scanning calorimeter.



the pressure |loss, by using three kinds of gels. BEST MODE

FOR CARRYI NG QUT THE | NVENTI ON 30 |. Definition
In the present specification, various kinds of

KAO14 - 9- am no acid residues are
abbreviated as follows: Al a; L- al ani ne residue, Asp; L-aspartic acid
resi due, Asn; L- asparagi ne residue, Cys; L-cysteine residugaoid n
L- glutam ne residue, Qu; L-glutangcacid residue, Ay; L- 5

glycine residue, Ile; L-isoleucine residue, Leu; L- | euci ne
residue, Lys; L-lysine residue, Phe; L- phenyl al ani ne resi due,
Thr; L-threonine residu T | du I ne
resi due, and Val; L- fn rPelnl.ém"reesselI(Ij‘ll:Je tc?'?ﬁ'g:%r}%?% %rtu%y SF%E%%§'9§

speci fica- 10 refesa, tan aarﬂarmmr@tsmuénteowfaapmgw¢ saﬁ‘_é%:cr fibud in
such a general H@QQ%gh@_atwwﬁ afg%t%ﬁ@d‘uégxef bdStide wiPEM 4SS not

(hereinafter, referred to as m nus positioned on the
| eft side, and fHRIearBExyP €Epg khyeadment. Thﬁet9§ﬁt|Bévéﬁgréﬁﬁﬁiiéﬂt

referred t9 as §b8g" SthBENity*5refedds th 't%al@oé' aéﬁaedr%lbher@tgat ot de.
In the present ;Ee0|f|cat|on a_peptide deriv ve refers to . a

pepti de cont ai nPREtHe e%%’t’l‘é?fél‘d? is l‘ﬁﬁret FBﬁn sEB@Fl tt i Gh, PPREEFE on,
or addition of aBn2@stingMo¥0 thd thrind hecfde r@@ﬁé@bﬁeaaenyesmembemnt ed
by SEQ 1. As an example of a method for determining a denatur-
ation ratio of a peptide, there is a method for comparing
10 the fluorescent intensity of a peptide measured after the
treatment in an agueous solution containing an appropri-
ate concentration of guanidine hydrochloride at 30°C for
10 minutes with the fluorescent intensity of a peptide
before the treatment.

15
In the present specification, a y-ray steriliza-
tion method refers to a method for killing microorganisms
by irradiating them with y-rays from a radiation source
containing radiocactive isotopes described in (i) Radia-
20 tion Methods: An irradiation method as a "Sterilization

method", described in Japanese pharmacopoeia. As an
example of the yYy-ray sterilization method, there is a
method for irradiating each adsorbent in an aqueous
solution by using a radiation source containing cobalt 60
25 and the like. ¥-ray sterilization stability refers to a
ratio of the capacity of a peptide derivative subjected
to y-ray sterilization to adsorb immunoglobulins, with
respect to the capacity of the peptide not subjected to
Y-ray sterilization to adsorb immunoglobulins. The term
30 "having excellent Y-ray sterilization stability" refers
to that a remaining ratio of the adsorbing capacity of a
peptide derivative is higher than that of a peptide
consisting of the amino acids represented by SEQ ID NO:



ID NO 1 of Sequence Listing. In the present specification,

thermal stability refers to the level of a thernmal denaturation
tenperature 25 of a peptide derivative. The term "havi ng excel |l ent
thermal stability” refers to that a thermal denaturation tenperature
of a peptide derivative is higher than that of a peptide consisting
of the am no acids represented by SEQ ID NO 1. As an exanpkgaoh a
met hod for neasuring a 30 thermal _dgnraturation tenperature, there 'S a
met hod for measuring a thermal denaturation tenperature in an
aqueous sol ution such as saline by using an adi abatic type
differenti al sgﬁnning cal orineter.

KA014 : - 10 - In the present
speci fication, drug stability refers to a denaturation ratio of a
peptide after drug tnent mnt re the pept mhlch |s not
subj ected to drug treatIrIr)En &I't%r?%? " étﬂ%l‘t‘ l@)?% e ent a5 %es

stability" refevap¢r>sﬁﬁnlknzhmﬁnmuméthndrnﬂﬂemsotoaa methpdpfodékﬁblim@tlve

| ower tghan t e Q
Ierresent ed by %(ﬁf%{) é}ﬁé%}i h%\stm&?)c(%ér‘rdﬁlr%‘ o%aéuk&ea 9&5@ ?Er?ﬁl ni ng
a denat ur - am@rqmmx@meot@Mquannr@eupﬂaenansaapneme@uanpcea@ureng '
10 the fl uor@gg@{l{bé&lt ‘?F% J.rﬂi )OfH:L%l’P p}é%f@%gb‘}db@fti’ﬁ'ast:hﬂ heating

treatnment in an agueous ] . ' .
concentration dgge a8 fe "Frerddfilzatinn method"f odescribedpini Japareset h

the fluorescentphdiRAsbpdePh. a REPLhIBxample HETEHE Hi¥hipLEEERPE - vdpor

10 sterilization method, there is a method for subjecting an

adsorbent in an aqueous solution to an autoclave treat-
ment at 121°C for 20 minutes. High-pressure vapor
sterilization stability refers to a ratio of the capacity
of a peptide derivative before the high-pressure vapor

15 sterilization treatment to adsorb immunoglobulins, with
respect to the capacity of the peptide derivative sub-
jected to the treatment to adsorb immunoglobulins. The
term "having excellent high-pressure vapor sterilization
stability" refers to that a remaining ratio of the

20 adsorbing capacity of a peptide derivative is higher than
that of a peptide consisting of the amino acids repre-
sented by SEQ ID NO: 1

I1. Preferred Embodiment

25
Hereinafter, the present invention will be
_ described by way of preferred embodiments. It should be
noted that the present invention is not limited by the
following description.
30

As a peptide used for an adsorbent of the present
invention, a peptide having the amino acid sequence
represented by SEQ ID NO: 3 of Sequence Listing is



In the present specification, a [err]-ray steriliza- tion met hod

refers to a nethod for killing m croorgani sns by irradiating them
with [err]-rays froma radiation source cont ai ni ng radi oactive

| sotopes described in (i) Radia- 20 tion Methods: An irradiation nethod
as a "Sterilization met hod", described in Japanese pharmacopoei a.

As an exanple of the [err]-ray sterilization nethod, there i ga®14

met hod for irradiati ng each adsorbent- i1 an agueous sol ution by using
a radiation source containing cobalt 60 25 and the like. [err]-ray
sterilization stability refers to a rati o of the capacity of a

pept i de der i vatiyessybbegt6leg.  The LR fiostard| E2alignd o ade0r

i mmunogl obul i ns; e ca
subjected to aminperagid aﬁ%ll@nqé Z MSIHPIE 0 axES otbaltm*rtlhegl ﬁb‘gqérmsnuwe

term 30 ) haVéQ@uéfi&é' kEHRnBeE\E]Lar Vb tietldd 12 %s’it@z%rlx'&'y "tée 83~

to that a remaining ratio_of the adsorbing capacity o ’Rb | de
derivative is hFiper 3hapft Wé”le opeRtpept R?epresente@on‘@YSﬁ% &P akino

aci ds represent ggnbyiNEQ iR &0, CZ and C3 of protein G is
KAO014 resent specification,

1.
hi gh- pressure vapo?s%t%%?lTEEtFXﬁ EBFhBBer Br¥agoT Erngﬂﬁed f or
killing 5 N WHheeedantsiBe Hyohedhingelhisite Nirs ahd amdthos bcgdnsauaice

appropri ate tenperature, und appropriate Jressure described in
(iii) High- preggﬁPﬁ §ﬁBBFHN§¥hggQ Rﬁ at%n nethod as a
"Sterilization nmethod", Pﬂesklabmﬂrlnyéananeshe Thr Pbar Theo@lei.a. As an

examle ofothe. fbgl BLERH aY30%" adOpossB18H 4 28d YT iha LS 8 2

met hod for subjectl
replaced by another amino acid (Pro). It was found that

due to this amino acid substitutions, the sterilization
stability (in particular, stability with respect to y-ray
sterilization) of the peptide represented by SEQ ID NO:
15 3 remarkably improves, and the drug stability based on
a denaturation concentration by guanidine hydrochloride
as an index and the thermal stability based on a thermal
denaturation point measured by calorimetry as an index
also improves. Furthermore, the pH stability of the
20 peptide represented by SEQ ID NO: 3 was excellent.
Recently, it is common to replace an amino acid by a
genetic engineering technique, and thus, it is a well-
known technique to study the improvement of characteris-
tics of a peptide and a protein by amino acid substitu-
25 tion. However, there have been no examples showing that
the sterilization stability of a peptide or a protein
remarkably improved by replacing only one amino acid by
another. Thus, the above-mentioned fact is a surprising
finding.
30
An adsorbing functional group peptide used for
the adsorbent of the present invention has one or two

kinds of amino acid sequences selected from the amino



adsorbent in an aqueous solution to an autocl ave treat- ment at
121[err]C for 20 m nutes. H gh- pressure vapor sterilization
stability refers to a ratio of the capacity of a peptide derivative
before the high-pressure vapor 15 sterilization treatnment to adsorb

I mmunogl obulins, with respect to the capacity of the peptide
derivative sub- jected to the treatnent to adsorb innunoglo&ﬁQ%%.
The term "havi ng excel | ent high-%?éésure vapor sterilization
stability" refers to that a remaining ratio of the 20 adsor bi ng capacity
of a peptide derivative is higher than that of a peptide consisting

:)1; trI;e ?m' nodaad:ﬂs sepuences remdanitdy IBEFGED KO ND: 1 of Sequence
. Preferre nbodi nen 5 . | na , ~keh t ol ti
Wil be FLRerhleaent nay sPopran.thEoEnEokifh oE"EpPRBTen sikent! on

noted that theapidsertiuencest ogn d scompinatiaredbydifgerent amadnpPo @icAE
description. 3eguences.  rorfesfhifl! 08 {0 ariadsydenton’ thae
present I nventli on, a peptl e VI hg t he "am no aci d sequence

represent®d byastqgol RMNG Seguesegsenteprpsenhgdi Hy SEQ ID NO: 1 of

KAO14 Seguence Listing r'naﬁr2 contain oRl®f8hablRintseds pHprimest
i nportant features in this am no_aci d sequence_region are %ﬁﬁt t he
C terninus Seé@@ﬁ@ﬁcéﬂgﬂﬁﬁh?eﬂﬁEF%@%%é%ﬁ???Eﬂ?%b@gtFBnC&7 p&RE
tion 56 of thechepty dod MRS HE byeSEoED MO pEdtdin GC@distiriatkd nirCl,

82[1, and C3 of proteles @4%1., mmso g., VAAE . LY8eI11578° (Wee® ™
10 Alternatively, the peptide may contain one selected kind
of repeated peptides (i.e., a peptide containing at least
two Cl's, at least two C2's, or at least two C3's), or
may contain two selected kinds of amino acid sequences
(i.e., a peptide containing Cl and C2, Cl and C3, or C2
15 and C3). Furthermore, the peptide may contain two
selected kinds of amino acid sequences arbitrarily
repeated (e.g., a peptide containing two Cl's and one c2,
two Cl's and one C3, one C2 and two C3's, two Cl's and
two C3's, or the 1like). The peptide may consist of
20 substantially only the amino acid sequence represented by
SEQ ID NO: 1 of Sequence Listing, or may further contain
any amino acid residue or amino acid sequence at the N-

terminus and/or the C-terminus of the amino acid se-

quence.
25
An adsorbing function group peptide derivative
used for the adsorbent of the present invention is a
" peptide having at least one kind of amino acid sequence
containing at least one of deletion, substitution,
30 insertion, and/or addition of an amino acid with respect

to the amino acid sequences represented by SEQ ID NO: 1
of Sequence Listing, which may consist of only one kind
of amino acid sequence or the combination of at least two



wher eas correspondi ng sequence in the am no acid sequence represent ed

by SEQID NG 3 is Pro Ala Thr Lys Thr Phe Thr Val Thr Qu. 10
More specifically, at position 47, an amno acid (Asp) is repl aced by
anot her amno acid (Pro). It was found that due to this amno acid
substitutions, the sterilization stability (in particular, stability
Wth respect to [err]-ray sterilization) of the peptide repre§é99éd by
SEQ ID NO 15 3 renmrkably inproves, d the drug stability based on

a denaturation concentration by guani di ne hydrochl oride as an index
and the thernmal stability based on a thernal denat urati on poi nt

measured by calkindsief aming sei@xsequencesso Impthwesase ¢hraddihben, the
pH stability ofythe 20,5 REPL d?‘eégﬁrxfese&egmif% ¥4 Bs Oegéle‘c’i‘@rgay abe

excel | ent . ecently, Tt is common to replace an am _
geneti c engi neeklagedcalnitdife, Naharminpys iand/ory e | C-terminugo the

techni que to Stéﬁ&héhﬁciﬂpééd@éﬁéé.OfACgﬁéﬁéifééSpe tide &bE£$vAtifePRRLI de
and a protein by amno acid_Substitu- 2 tion H%wev t here have heen

i on. er, >

no exanpl € sho¥f RpipRtacid sequange oin (Whigh (hysuampPr (FYSImaigepddae or
a p: gt ei nTh ?ﬁeﬁﬁﬁkﬁbkérhgﬁﬁgvaad}d%ﬁf efHed - i HuHNRL BN ﬁf@_slaé@:d b¢30
anot her. us, e above- nent.i on act ,is a surprisin i ndi ng.

An adsor bi ng f uRtt LEASE §Fﬁhdcﬁﬁit?ﬁeaW§88 FGF% %equq$k§eﬁﬁ%?%5ﬁg ggthe
present inventithehasiore &tidWeequencds népoésantad &g ISEQQUENQEE: 3
selected fromt ani. no

KA014 (e285R? n and m arg jintegers of, § ¥98duentBsPPESFERARFed by
SEQ I D NOO1 of aSpgpende deriviatinvendhawimy Sy scomtat nthdeCsageminng off

repeated amno yne oA¢hH S8IUCREERHCS F ML AtHantid ferent amno acid

Such a peptide derivative can have the capacity
to adsorb immunoglobulins and/or immunoglobulin complexes
15 in the body fluids, and more preferably has the excellent
adsorbing capacity after the high-pressure vapor steril-
ization treatment, heat treatment, drug treatment, or y-
ray sterilization treatment, compared with the peptides
represented by SEQ ID NO: 1.
20
The combination of the above-mentioned peptide
and peptide derivative can be used for the adsorbent of

the present invention.

25 The peptide or the peptide derivative used for
the adsorbent of the present invention may be produced by
a generally used peptide synthesis method, (e.g., a solid
phase synthesis method, a liquid phase synthesis method
such as a - stepwise elongation method, and a fragment
30 condensation method), or by a gene manipulation method
including the steps of connecting DNA encoding a peptide
or a peptide derivative to a vector and introducing the

vector into a host to produce a recombinant peptide or a



sequences. For exanple, a peptide selected fromthe 5 am no acid
sequences represented by SEQ ID NO 1 of Sequence Listing may contain
only one kind of peptide selected fromthe peptides corresponding to
Cl, C2, and C3 in the am no acid sequence of protein G described in

B. Guss et al., EMBO J., Vol. 5, pp. 1567-1575 (1986). 10 Alternatively,
the peptide may contain one sel ected kind of repeated pepti de€AQl4e.
a peptide containing at |east twol8l -s, at least two C2's, or at |east
two C3's), or may contain two sel ected kinds of ami no acid sequences
(i.e., a peptide containing C1 and C2, Cl and C3, or C2 15 and C3).
Furthernore, theed®dinat PRHHEAY adriv®tive. sel ected kinds of am no

aci d sequences arbitrarily repeated (e.g., a peptide containing two
C's and one C2, two Cl's and one C3, one C2 and two C3's, two C's
and two C3's, or I&h&:ﬂe’rﬂﬁﬁjal s{ﬂﬂeh@epstidﬂ supeptndiesiorofa Zeptide

bstanti al | t SEQ.I.D, NO.
T'of Sequence At A 19 ek oBNENES L oRroagi ol BY poony SEQLQNO.
or am no aci d Prpsncyndthesties Method rathem thanaadlioyulidepliase ragmie of
the am no acl d & thodquen%%coﬁzfnoq tﬁe ﬁgdagéﬂ%%éngsr; 23l éfé‘

group peptide rlva?lve Sorbent
i nvention is amethodpeper deXham'Lﬁg & p@imda)r@r kangepitige rﬁam@tlve

sequence and/c%(r}{];?gﬂt:% n& h 93%lg 0n Oly g%ﬁ%' on, Fi’?skht UéthHo 3%: o

i nsertion, £oan am no acl respect
aci d sequences Q%W‘r%%@ﬂ@dlgay WEQthe NErterminus @£ S@qu@ﬁ%lgesﬂ:ﬁg bahi ch

may consiigl Oof S ihaezdd id bound Ho ATsPpaEdiS86YEREE 2h &RGrganic
conmbi nation of at_l|east two
KAO14 solvent. (2) Each corxxesponding amino acid protecting a
functional group such as an a-amino group other than an
a-carboxy group is bound to the amino acid binding to the
substrate successively toward the N-terminus direction by
15 condensation reaction. (3) A protective group of the a-
amino group of the bound amino acid is removed. (4) The
steps (1) to (3) are alternately repeated. As a result
of these steps of manipulation, a peptide chain is
elongated to obtain a peptide with a desired length.
20
After the peptide of interest is obtained, a
peptide chain is cleaved from the support, and protective
groups are removed. For this purpose, hydrogen fluoride
is often used. However, in terms of safety and ease of
25 handling, it is appropriate to use trifluoroacetic acid
(hereinafter, referred to as "TFA"). More specifically,
the peptide of interest is reacted in 95% TFA containing
" 1,2-ethanedithiol and anisole (1:3), whereby the peptide
is cleaved from the substrate and the protecting groups
30 are removed. Thus, a crude peptide is collected. The
crude peptide is precipitated with ethyl ether, whereby
a crude purified peptide is obtained.



ki nds of am no acid sequences. In the case of addition, any amno acid
resi due or am no acid sequence may be pl aced at the N-term nus and/ or
the C-term nus of the am no aci d sequence. A preferred peptide
derivative has 5 an am no acid sequence in which (Lys)n or (Cys)mis
added to the NNterm nus and/or the CGtermnus wth respect to at
| east one kind of am no acid sequence sel ected from the am nxx@l4
sequences represented by SEQID NO 3 16 - (herein, n and mare integers of
O0to 9). In particular, 10 a peptide derivative having (Cys)m at the
C-term nus of the am no acid sequence is nore preferable.

Such a peptide derivatippe %d@"ﬁlff@ié@%{iﬂe thus! 8bRE$8EB can be
i mmunogl obul i ns and/.or_ i nmmunogl obul i n_caonp] exes 15 in the body f

1d/ . ¢ y. fluids,
and nore pref e PR iRk byhwagiows Brithods kngyaokpi HPsaptitled i thee
hi gh-pressure wapor s$berkkample, théatkQfe!p@dt fidd pdipeiaéd rentg®ifectdr ug
treatment, or Egg(é- . rag sterili atlog tLeatnent, c%gp%red W th the
pepti des PSR PEY L RERPIBeNO A idpFhromatography (fgreinat-
gorrbi ngt}ﬁn oLﬁéngl, atyna-mb fttid)rml 'pmnh @'de using aaRtveafd ehaisy issaitene can

e used for the _adsorbent o t he .present. i nventi.on. 5

The peptide or G émBé'ptwlr}?ée&’é’r it\k/1§t P\?@q;&@&dc?f}rbe rac?h%n%‘é%%'r i5E l%cft—t he
present inventiest, nayd bpuplfdeded BPLC condiygboms akhpuldedbepayptidel zed
synt hesis neth o Lid y €S S. Logul d
phase synt hesi g%rrseegcﬁcc)% 8 gyg%s?h‘cﬁsgg geél? g%%lgegé?oé%%%?%%gﬁg? r%ra‘%‘é&%a a
fragment 30 Feofidentaononomsespdnding byo athenpesknigful chrorrrearephy
| ncluding g he sgigps est&m@&,ctsraggugyﬁgﬁggg%eg ARRPLILG 1 tant QirPePepti de

derivative to a vector and Int vector Into a host to
produce a recorifRiaiie pEAGEHORrig subjected to primary sequence analy-

sis by an amino acid sequencer and amino acid composition

analysis, whereby a synthesized peptide is confirmed.

15 In the case where a recombinant peptide or a
recombinant peptide derivative is produced by a gene
recombination method, based on an amino acid sequence of
a peptide of interest, DNA enceoding the amino acid se-
quence is synthesized and introduced into a phage or a

20 plasmid vector. The resultant phage or plasmid vector is
integrated into an appropriate microorganism (e.g., E.

coli) to select and obtain a transformant, and the

transformant is cultured by a known method. It is well
within the skill of those in the art to purify and
25 isolate a peptide of interest from this culture superna-
tant or cells. Furthermore, as long as an appropiiate
vector is selected, yeast, Bacillus subtilis, and the

" like can be easily utilized as a host.

30 A water-insoluble carrier used as a support of
the adsorbent of the present invention is not particular-
ly limited. Examples of the water-insoluble carrier used

in the present invention include inorganic carriers such



KA014 - 15 - reconbi nant peptide
derivative. In chem cal synthesis of a peptide or a peptide
derivative, it makes nmani pul ation easier to apply a solid 5 phase
synthesis nethod rather than a |iquid phase synthe- si s met hod.
According to the solid phase synthesis met hod, for exanple, a peptide
or a peptide derivative can be synthesized as follows. 1AN
amno acid corresponding to the g term nus of a peptide to be 10
synt hesi zed is bound to a support insoluble in an organic sol vent .
(2) Each corresponding amno acid protecting a functional group such
as an a-am no group other than a ... __a-carbox roup is bound to th
B no aci d by ndihE s feads B gi1}or S ARaAEG FHEI T MAde OF
N-term nus di r eggnthietic Ibacromohdendasi encheast icavss-(13nkedrpdBotimel
group of the a- am_n roup.of. the, boun m no_acid i.S_k ve 4)
The ? o repkagnen 570 fs TR R SR cREEraa o )
t hese steps of amrylamibde onand pepsisdd inkadnppdystyrensl amagrelvsacadidai n a
pept de Wil h a 1d:l.e§é§ eguél?rg?st Q:r allin cellulo%bg,t e&fjé%g—ff&ﬁé&iecé).{lu-
Interest is obtalned, a ptide chalh 16 ¢l ¢ave romthe support,
and protective lose, graagslinked agarese Fendt argspulpoked dpdtogen and
fluoride j u ; \ ' : Bk : 25
nandi i ng, 1t s OmRrOnT are Tootre T aerpeniin gy aRbeMRAUeY
referred to as CAFRALeTs ¢ RgaIntql¢arriers, sugd gepai gembinphieRre’f s
reacted in 95% #fd &eALE HMYbrganicl cirelibaaednd 8 condhidRtIOne df: 2n,
wher eby the peptide |, is cleaved fromthe substrate and the 'rotec%lng
groups 30+ ar BTIRALG TATTHRE ARG P RO ST IEHT 1 edfedhe gfRES ©
crude peptide i@asphgChapidaatibmi Ebrethvmoitieirsig)er £by is necesdmifeto
purified peptidgois.gbtai@gd. ,

nsider effects of a carrier on a complement system, a

clotting system, and the like, when the carrier comes
into contact with blood components. Therefore, hydro-
15 philic carriers, which have relatively less possibility
of non-specific adsorption and have satisfactory adsorb-
ing selectivity with respect to immunoglobulins and/or
immunoglobulin complexes, are preferably used. In the
present specification, a hydrophilic carrier refers to a
20 carrier in which, when a compound forming a carrier is
formed into a flat plate, a contact angle between the
flat plate and the water becomes about 60° or less.
Examples of such a carrier include, but are not limited
to, carriers formed of polysaccharides such as cellulose,
25 chitosan, Sepharose and dextran, polyvinyl alcohol, a
saponified ethylene-vinyl acetate copolymer, polyacryl-
amide, polyacrylic acid, polymethacrylic acid,
poly(methyl methacrylate), polyacrylic acid-grafted
polyethylene, polyacrylamide-grafted polyethylene, and
30 'glass, or carriers formed of derivatives thereof.

Among the above-mentioned water-insoluble carri-

ers, those having an -OH group have excellent adsorbing



KA014 - 16 - The crude purified
pepti de thus obtained can be purified by various nethods known to
those skilled in the art. For exanple, the crude purified peptide is
subj ect - ed to high performance |iquid chronmatography (hereinaf- 5
ter, referred to as "HPLC') using a reverse phase system col um,
mhereby the peptide can be fractionated, collect- ed, and purKA@bﬁ
HPLC condi ti ons should be optimzed - 18 pased on a systen1used general ly
for purifying a protein. A fraction corresponding to the peak of
chromat ography 10 thus obtained, and |yophilized. The resultant purified

pepti de f(rj act i cuaﬁaecjsubjda&fa %ﬂgawﬁmma@?ﬂr@e afKﬂc}’vel all, %‘ﬁmﬁ]
am no aci sequ r..ana a acC S| n SIS erepy a
synt hesi zed pmxﬁ%ﬁi?% rqrhﬁﬁléhelggP owing ex?%l}ﬁ%% égénﬁﬁere a

reconbi nant peptide or a reconbi nant peptide derivative is produced
by a gene reconmbinatiqn nethod, b m no_.ac equence of
a peptide of interest, éﬁuxﬁﬁrfﬁ%ﬁggﬁﬁgHﬁﬁﬁ J?ls Stlééj eéghéé OP

synt hesi zéd andreXatixkiged higlo angrtegelaal as2@enghl,assicd vtaatorlt 'Iife
resul tant phag%r?fﬂ?é%?mcg }SSCE%%%gse[d or %éﬁéfgédé‘ g? nbNEARARAPRIPI LS €
ct an

m cr oorgani sm (e o Sel aln~a transformnt,
and t he t$WQOntTmsscmh%meuh%yb@d}krﬁvwdmtshmbs$¢d|*§W@49h a_
within the ski Iéommﬁhﬁé§kéa tRenartnd Qdurdf ya aﬂﬁgHSSpee'asolaiee peps i de
of interest fromthis culture superna- tant or céells. Furthernore,

as long as an apprbpelnt ko causevggmaqtg.o%pgcgg.@g%tlngagmq:cg,]sumn.
subtilis 1G”Witfﬁ&thermoféketﬁé“p@?oﬁgsb£¥ué€uféZ@ﬂ Bi5c 3gdDSis unBlkely

A water-insoluble carrier _used as a support of t he adsorbent of f{he
present inventit® Flange SHFtFEuP%gh pressyrg VRt teShhARE R (AR
wat er -i nsol ubl etig@riire. used in the present invention include

i norganic carriers such

(2) Being formed of cellulose, the porous cellu-

15 lose gel is hydrophilic. Since a number of hydroxyl

groups available to binding of a ligand are present on

the gel, there is 1little possibility of non-specific
adsorption.

20 (3) Since the porous cellulose gel keeps its
relatively high strength even in the case where a pore
area is enlarged, an adsorbing capacity which is compara-

ble to a soft gel is obtained.

25 (4) The porous cellulose gel has higher safety
factor than that of a synthetic macromolecular gel.

Thus, the porous cellulose gel is one of those

most suitable for use in the present invention. The

30 carrier used in the present invention is not limited to

those described above. The above-mentioned carriers may

be used singly, oi any two or more kinds thereof may be
mixed.



KA014 - 17 - as gl ass beads and silica
gels; organic carriers made of synt heti c macronol ecul es such as
cross-1inked pol yvi nyl al cohol, cross-1linked polyacryl ate,
cross-|inked poly- acryl am de, and cross-1linked pol ystyrene or

pol ysaccha- 5 ri des such as crystalline cellulose, cross-linked cellu-

| ose, cross-|linked agarose, and cross-Ilinked dextran; and CONPAEKES
carriers obtained by conbining these argagnic carriers and inorganic
carriers, such as a conbination of two kinds of organic carriers and
a conbi nation of an 10 organic carrier and an inorganic carrier. |In the
case of using a carrier for henocatharsis, it i ecessary .

consider effects of a c%r Pirered: gr&?ﬁ%ﬁat n%{letqusl;se ercﬁfséc e we %(:I%L&H%Or%él—
system and t he Hlikegamhier t heedarim etheopresent inverdigemt st thatth tileood

. Th - i L} g ' ' 3d Vel
conponent s ;Q/fa"xfﬁre% s gIr o n&xﬁbea};i g@' hb?e&a&i’tﬁr %8 \ﬁ‘?&’gbs‘;;}ﬁ\é‘e‘}é &li3d vely

| ess possibility non- speci adsorption an stactory
adsor b- i dg &el ekhpviqarmien despperoes. i mimegheslPbhdiand/and/or
i munogl obwl i N COIRIREHHLA £ RESHEIERLY WSech add) ddi®e adsoPb&EHBY the
specification, a hydrophilic carri'er refers to a 20 carrier in I ch,

when a conpound §HIRRRPE 4 rFBe iRresent igwepdion ohave ap grekesular

contact angle bejewaicthe a wildedt RIfee 3Rd dhGu¥at £60be00MEES abUWELH0
or | ess. Ex | es of such a carrier include, but are not. limted

to, carriers for DOUY yaadchaMSdesthIE PR e §BECifged . cniherEm,
Sepharose and degdre),irp@ndamytorl €ipdoddsotbent to sMItiently adsorb a

et hyl ene-vinyl acetate copol yner | yacr.yl - ._am de qQl yacrylic
s o e B S E | prBReBEIY enat, smRipRg A ief e e
pol yacrylic aciismgumbgbobulin cpeoipledad eneanpehyeer \panesewdichf teechigh
pol yethyl ene, aqgrobability to some degree, and other proteins are

prevented from entering pores as much as possible.

15 In the water-insoluble carrier used for the
present invention, an average pore diameter of a porous
carrier is preferably about 300 to about 10000 A. The
diameter of a pore.is most often measured by a method of
mercury porosimetry. However, in the case of a porous

20 water-insoluble carrier used in the present invention,
this method often could not be applied. As a criterion
of the diameter of a pore, a molecular weight of the
exclusion limit is preferably used. A molecular weight
0of the exclusion limit refers to a molecular weight of a

25 molecule having the smallest molecular weight among
molecules which cannot enter pores (i.e., which are
excluded) in gel permeation chromatography (H. Hatano and
T. Hanai, Experimental High Performance liquid Chromatog-
raphy (Jikken Kosoku Ekitai Chromatography), Kégaku

30 Dojin, 1988. A molecular weight of the exclusion limit is
generally well investigated for globular proteins,
dextran, polyethylene glycol, and the like. In the case
of the porous water-insoluble carrier used in the present



30 gl ass, or carriers formed of derivatives thereof.

Anong t he above-nenti oned water-insoluble carri- ers, those having an
-OH group have excel |l ent adsor bi ng

KA014 - 18 - capacity and adsorbing
selectivity. Above all, a porous cellul ose gel has the follow ng
excel | ent points: (1) The porous cellulose gel is skinbfi4g
because of 5 relatively high nmechaimpcal strength, so that it 1is
unlikely to be damaged or generate fine powders due to stirring. Thus,
when the body fluid is passed through a colum packed with the gel at
a high speed, t . I kel.y + ct] I | I n
the aol um. 10 SEREHY 8, 1R Rk B LR RN H R Sl SRR T
to change due t®shsghtpprgsusedvapor sterilization, and the like.

(2) Being fornmed of cellulose, the porous cellu- 15 | ose gel is

hydr ophi li c. Si nce a nunber of hydroxyl groups avail abl e to binding

of a ligand are presentA®na resulgfh@fyetudmaie qarniers N@vEay bVRFLQUST

non-speci f§ ¢ moledd38EPLE9Bhts #F the exclusilch 1mce, tH8ePBkBYSsion
cellul ose gel keeps its ~relatively high strength even in the case
where a pore limit of a suitable carrier, which therefore has a pore

diameter suitable for adsorbing immunoglobulins and/or
immunoglobulin complexes, was found to be about 150,000
or more in molecular weight. More specifically, in the
10 case where a carrier having a molecular weight of the
exclusion limit of less than about 150,000 is used, an
adsorbing and removing amount of immunoglobulins and/or
immunoglobulin complexes is small, resulting in decreased
practicability. Thus, a preferable molecular weight of
15 the exclusion limit of the carrier used in the present
invention is about 150,000 or more. On the other hand,
in the case where a molecular weight of the exclusion
limit exceeds about 5,000,000, no particular problems are
caused as long as the plasma or the serum is used as the
20 body fluid. However, macromolecules which have no
interaction with a ligand have a tendency to block a
binding site of a ligand, thereby substantially decreas-
ing the effective ligand amount. Furthermore, in the
case where the blood is used as the body fluid, when a
25 molecular weight of the exclusion limit exceeds about
5,000,000, there is a tendency that a ratio at which the
platelet adheres to a carrier increases. Thus, in the
case where the adsorbent of the present invention is used
in a hemocatharsis system of DHP (direct hemoperfusion)
30 type, sufficient performance cannot necessarily be
exhibited. On the other hand, in the case where a
molecular weight of the exclusion 1limit is about

5,000,000 or less, no particular problems are caused even



area is enlarged, an adsorbing capacity which is conpara- ble to a

soft gel is obtained. 25 (4) The porous cellul ose gel has

hi gher safety factor than that of a synthetic nacronol ecul ar gel

Thus, the porous cellulose gel is one of those nost suitable for use
in the present invention. The 30 carrier used in the present invention
Is not limted to t hose descri bed above. The above-nentioned K&@t4ers
may be used singly, or any two or2kore kinds thereof may be

m xed.

KAO014 - 19 - A primary property

required of thﬁ mrehrcam@ﬁs are u@é@ ﬁ@frﬁg{z pﬁegosa th@.hﬁrsesemi order
i nvention is t t the arr nu er por es

o a6 s o W tne alB0LhER Y BnlHTRe Rl AN SRHAA el vorns que
and/or 5 i mnpmgjoﬂud i na cmepéexearvweilghaf ®f ocle efadubednbyiia is
adsorbent of th r.es i ti \Y; cul ar

range of about J(ﬁ%ﬁt a[h) n‘f §n088 88@0060§es§hd Pﬁ&?r%gyc,‘a%&o%eé

specified. 5 Therpa:eferab]fe)mmleaulcmdmenfg)rt pifethdsexbbusion kimitiehtthe

b ot 1 S D o, P! o kb, TR 5 30,

I mmunogl obul i n conpl'eXxes Ccan ‘enter probab
sonme degr ee, andﬁﬂkﬂﬁornqnahwuteﬁEDOO 000prevented fromentering pores as

much as possi bl e.

Next, considering the adsorbing capacity per
10 volume of an adsorbent, it is preferable that a carrier
has a totally porous structure, rather than a surface
porous structure, and a pore volume of 20% or more and a
specific surface area of 3 m?’/g or more. As a shape of
a carrier, any shape such as a bead, a fiber, and/or a

15 membrane (including a hollow thread) can be selected.

In order to immobilize a ligand, it is preferable
that functional groups available for an immobilization
reaction of a ligand are present on the surface of a

20 carrier. Examples of the functional groups include a .
hydroxyl group, an amino group, an aldehyde group, a
carboxyl group, a thiol group, a silanol group, an amide
group, an epoxy group, a halogen group, a succinylimide
group, and an acid anhydride group.

25
Next, as the carrier used in the present inven-
tion, any hard carrier and/or soft carrier can be used.
" In order to use a carrier as an adsorbent for an
extracorporeal circulation freatment, it is important
30 that when the carrier is packed into a column and the

body fluid is passed through the column, the carrier does
not cause clogging. Therefore, sufficient mechanical
strength is required of the carrier. Thus, the carrier



15 In the water-insoluble <carrier wused for the pr esent

I nvention, an average pore dianeter of a porous carrier is preferably
about 300 to about 10000 A. The di aneter of a pore is nost often
measured by a nethod of mercury porosinmetry. However, in the case of
a porous 20 wat er -i nsol ubl e carrier used in the present invention,

this method often could not be applied. As a criterion of the Ka014
di aneter of a pore, a nol ecul ar wei ght -0f22 he exclusion limt is
preferably used. A nol ecul ar wei ght of the exclusion limt refers to
a nol ecul ar wei ght of a 25 nol ecul e having the snallest nol ecul ar

wei ght — anbng  ysedlGEUle V"B!::%Eeﬁ%nn]‘gﬁv H"c%np%ses g(f;?f_%raﬁd@rc% ah&ra

excl uded) in gel permeation chromatogra %a t ano Hana
Experi ment al Hi ghC®e¥$8¥ nand@ Nﬂthﬂr€§¢6 §§§c1f1cat1p@phya ngquﬁrrler

Kosoku Eki tai q‘é@é‘PéOGBa’EH&S)se 1%a9atien30 for @ddnfblelg% '@hQDJ:§§8| éE a

wei ght of the excl usion general | I nvesti gat ed
gl obul ar prote|nsgraDU1ard€§9PaNhﬁ£ﬁ)Eﬁ%yg%%elﬁlV@&ﬁoﬁﬂi¥tﬂﬁpﬁ¢@elnFﬂ £he
&28?4 of thecpoingsivalebolimdl wild Ccﬁﬂrgl%rssJS(eﬂmértdilﬂaxﬁéﬁéﬁﬂtg mm,

by using a gl obul §P1PPBt depgth: 3#§9sﬂW9aBP936 E%Fnt%éIEOQHXSJggngﬁéalnEd
result of Studylngndaahl%@ﬁéﬁﬂérERWﬂdiQBSpESseﬂDbhﬁddyhVtﬁ@hbslﬁﬁnthehe
exclusion limt, thesexgeu o% a sui grrier whi ﬁ_.
therefore has a pBf&SSY EP Y %ﬁ#?g%?e 1oV 5y %r%? ﬁ Fnﬁﬁﬁ%ﬁP&b% MEg
and/ or i Mmunbgizeball 1inemntehaetsionalsip aypdot a peeabone 4500 0®0kg/cm?.or
nore in nol ggul ar weight. Mre specifically, in the
For example, an agarose gel (Biogel A-5m produced
by Bio-Rad; particle diameter: 50 to 100 meshes), a vinyl
type polymer gel (Toyopearl HW-65 produced by Toyo Soda
Mfg. Co., Ltd.; particle diameter: 50 to 100 pm), and a
15 cellulose gel (Cellulofine GC-700m produced by Chisso
Corporation; particle diameter: 45 to 105 pm) were each
uniformly packed into their own cylindrical column made
of glass (inner diameter 9 mm; column length 150 mm)
equipped with filters having a pore diameter of 15 pm at
20 both ends. Water was passed through the column by a
peristaltic pump, and the relationship between the flow
rate and the pressure loss AP was obtained (Figure 7).
The flow rate (cm/min.) was plotted on an ordinate and
the pressure loss (kg/cm?) was plotted on an abscissa.
25 As can be seen in Figure 7, O, A, and @ represent
Toyopearl HW-65, Cellulofine GC700m, and Biogel-Abm,
) respectively. As a result, it is understood that the
flow rate of the aqueous fluid through Toyopearl HW-65
and Cellulofine GC-700m increases almost in proportion to
30 the increase in a pressure, whereas Biogel A-5m results
in compaction, and the flow rate does not increase with

the increase in a pressure.



10 case where a carrier having a nol ecul ar wei ght of the excl usi on

limt of |ess than about 150,000 is used, an adsor bi ng and renovi ng
anount of i munogl obul i ns and/ or i mmunogl obul i n conpl exes is small,
resulting in decreased practicability. Thus, a preferable nol ecul ar
wei ght of 15 the exclusion limt of the carrier used in the present
invention is about 150,000 or nore. On the other hand, I n t heatase
where a nol ecul ar wei ght of the exclusiZzh ~ limt exceeds about

5, 000, 000, no particular problens are caused as long as the plasma or
the serumis used as the 20 body fl uid. However, macronol ecul es

whi ch have no - inferachihgBi Wity ld gRRdikav e 4 epdncyet Geblgsk 2
binding site of a |igand, thereby substantially decreas- ing the

effective |iganti¥folPRtC Thf t AR NerH.Q carri@ie \Wer T08E bltBod
is used as the bfyolbUbf, a¥BeRHANE efAMBRGINIA BRI z8Ag &Xelkaghen

limt exceeds agoua 5,000, 000, there is a tendency that a ratio at
whi ch the pPATEree Qdhe? cBSPEIgec A% i 2r PPRETEEs EETIVATIYE | AndngO

case where5the sdpprbest noh-EpecpEaseridsorpeibhpnal peptide or a pBptide
henocat harsi s system

f.. DHP (direct per f ysi.on 0 type sufficient
perfornance ca ﬁ5ﬁvaﬁéggs§§rﬂ3§¥§ﬁggig)lm%ébﬁ%ﬁ%ﬁéionfﬁ %hEEBFﬁSF Kafd,
in the case whehgdaophilichpsrers . WeiXht thé higdreptlildiconspacets) s falrout
000 000 o | C85anfFPibt Vet WU L TLIGIRE RIRR, in apach B
any purpose. Thesdsi nepedereplaced o hysecehboadiorgremip®f tdneinpy egeoups,

R i R R R e e

preferabl e nol e¥§e8r wei ght of the exclusion limt of the

Since an organic compound used as a peptide or a

peptide derivative, and spacers introduced into the

15 above-mentioned carrier are a relatively stable substance
with a low molecular weight, there is a less stringent
requirement for the immobilization reaction conditions,

for example, compared with the case where a protein such

as an enzyme and an antibody is immobilized. Thus, an

20 immobilization method is not particularly 1limited.
However, considering that an adsorbent may be used for
extracorporeal circulation treatment and hemocatharsis,

it is more preferable to apply an immobilization method

in which peptides are not easily detached from an carrier

25 during sterilization of the adsorbent or treatment. For
example, there are (1) a method for allowing a carboxyl
~group of a carrier to be reacted with N-

' hydroxysuccinimide to replace the carboxyl group into a
succinimideoxycarbonyl group, and allowing a peptide or

30 a peptide derivative to be reacted at a portion of an
amino group (active ester method), (2) a method for
allowing a carboxyl group or an amino group of a peptide

or a peptide derivative to be condensation-reacted with



carrier used in the present invention is from about

5, 000, 000.

vol une of an adsorbent, it is preferable that a carrier
porous structure, rather than a surface
vol une of 20% or nore and a

150, 000 to abo
Next, considering the adsorbing capacity per

specific surface area of 3 nferr]/g or

nore. As a shape of a carrier, any shape such as a bead, a fikaen4

and/or a 15
In order to inmmobilize a ligand, it is preferable
groups avail able for an inmobilization

groups include a

menbrane (i ncluding a holdpw thread) can be sel ected
t hat functional
reaction of a ligand are
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strength is required of the carrier. Thus, the carrijer
elution™of peptides ©® a minimum, peptides are preferably

bound to a carrier by a covalent bonding method.

There are various methods for adsorbing and
removing immunoglobulins and/or immunoglobulin complexes
in the body fluid by bringing a carrier on which a
peptide functional group is immobilized into contact with
the body fluid such as the blood and the plasma. Repre-
sentative examples include (1) a method including the
steps of taking out the body fluid, storing it in a bag,
mixing the body fluid with an adsorbent to adsorb and
remove immunoglobulins and/or immunoglobulin cdmpléxes,
and filtering off the adsorbent, thereby obtaining body
fluid from which immunoglobulins and/or immunoglobulin
complexes has been removed, and (2) a method for charging
an adsorbent into a vessel having an inlet and an outlet
for the body fluid and equipped with a filter at the
outlet, which passes the body fluid but does not pass the
adsorbent, and flowing the body fluid through the vessel,

~and the like. Any method for adsorbing and removing

immunoglobulins and/or immunoglobulin complexes may be
used. However, the latter method is easy to operate, and
furthermore, the vessel can be incorporated into an
extracorporeal circulation circuit, whereby immunoglobu-
lins and/or immunoglobulin complexes can be removed effi-
ciently from the body fluid of a patient on line. Thus,



used in the present invention is preferably a hard carrier. In the
present specification, a hard carrier refers to those in which, for
exanple, in the case of a granul ar gel, where the gel is uniformy
packed into a 5 cylindrical colum nmade of glass (inner dianeter: 9 nm
columm Il ength: 150 mm) under the follow ng conditions, and an aqueous
fluid i s passed through the columm, the pressure loss [err]P anbide
flowrate of the aqueous fluid havesa-| i near relationship up to a
pressure of 0.3 kg/cnferr]. 10 For exanpl e, an agarose ge

(Bi ogel A-5m produced by Bi o-Rad; particle dianmeter: 50 to 100
nmeshes), a viny g 0 6 r y yo
Soda {1 ke aqsdptRRp Ay TBhe0Si e RANCHS b I S5, br cicesh b B0
cel l ul ose gel (GbFFuWGﬁh@é GC—?OOnlproduced by Chi sso Cor por ati on;
particle dianmeter: 45 to 105 [err]m were each uniformy packed into
their own cylindrical columm nade of glass (inner dianeter

colum length 150 m) Next,eqdi FR¥LGRt hf(?’?I laéllsé’ﬂlﬁ’&%gnglé‘mb‘élP@l@P&ﬂ‘éP& of

15 pm at 2§ aaahognd&muno\a&wul\&aﬁ m@;etshbqu@het be-e@@ntM nk¥ntion

P eseure | ose [ DEAPE Rk AGRIRLE (EPE,PESoTEIn "SnmRBon phwtibEe SRR ')
was plotted on am%glmmmdcompleﬂé”@wﬁ&esls@rdhéd}ﬁi&)eéckglmﬁ eeferenae

plotted on an absci, sa sc As can be SQ&PII} %ﬁne 7, [err], [err],
and [err] repré&Sert “‘Pot—s}(?p&drr SIWES “1e GC700m and
Bi ogel - ASm respectively. As aresult, it is understood that the

flowrate gf the aqueous fLuidyt by g;&%*emmol@fg?l e ¥t udes Adntet

Celluloflne GC-700m i ncreases al no |ncrease in
a pressure, wherads el dgefon- 5m seéurbtlsm an pptdempaexi dmledn@ t ferf laow

rate does not i REHIRASHA BB immunobBLUIIHEESE /P BRI S HEBulin complex
adsorbent 3 of the present invention, effluent preventing
means 4 and 5 for preventing the out-flow of the adsor-
15 bent, which allows a solution and a component contained
therein to pass therethrough but does not allow the
adsorbent to pass therethrough, and a c¢olumn 6. The
shape and material for this vessel are not particularly
limited. However, for example, a cylindrical vessel with
20 a capacity of about 20 to about 400 ml and a diameter of
about 2 to about 10 cm is preferably used.

The present invention will be described in more
detail by way of the following examples. It should be

25 noted that the present invention is not limited to the
following examples.

Examples
30 Example 1

Chemical synthesis of a peptide and
immobilization of the peptide onto Sepharose



KA014 - 23 - For inmmobilizing a
peptide or a peptide deriva- tive onto the above-nentioned carrier, in
order to i nprove an adsorbing efficiently by mnimzing a steric

hi ndrance of a peptide or a peptide derivative and to 5 suppress
non-speci fic adsorption, a peptide or a peptide derivative is
preferably imobilized onto a carrier via hydr ophi | i ¢ spacers. athe
hydrophi li c spacers, for exanpl e,_ Q%eratives of pol yal kyl ene oxide in
whi ch bot h ends are replaced by carboxyl groups, am no groups, 10

al dehyde groups, epoxy groups, or the like are preferably used.

Si nce an organi c_conpound used as a peptide or a pepti de derivative,
and spacers intﬁBHHEééﬂLﬁXEIBEEiE_EE_BbBEEEhEEtioned carrier are a
relatively stabl e subst asyaethesis &f tdh peptd@enhbheitibas ye€igdhce tdmieigs- a
| ess stringent | irement for_the ipnobhilization reagtio

condi tions " ing o S eeERles o aSnp R o f AT & by ey stecn
as an enzyne andime aidedotly as Nabtebminzsdwas Tdmsduate@Oas fohlobs | bygadi on
method is ¢ not FLi I 1.1 ver nsider i h an
adsor bent rrsay besﬁgle% Efc%grﬂ ngtﬂe%#%gno%t&ﬂdéaf’gg\lﬁgcgl%?ﬁgﬁa%?%ﬁéﬁg%%l%ﬁ
henocat harsis, Modelj#1V8 noeayfiasitargy ey ocPhaphgcia LERObLI | iU=inenO.1

met hod |0 #RbENoPaROdSE BEENDRL RBFhLYn UoA SPHEGRCEOR BP PREFREE: 20

during sterilization o e a ent or tre :
there are (1) a HéBhowhigh 4§l awbwppar€ardorhich glutzping cefresponding

carrier to beto £RECEEEerm?nlR idVbound, ANHEPISRICE & E8EctPokeRhace
t he carboxyl group into a su00|n|n1deoxycarb2§él.group, and al | owi ng

a peptide ¥ 30 @ CANPEPERYEORe FEPATIRD (3F & IRERIT HH ACHRFIRBRE oVikh

anm no group (actaveyetihisitet Bpdyran?)inpuet €9dther peptiddl EpMtREsdzer,
car boxyl group or, an am no gro of epti de or. a_pept)de derjvative

to be CondensatiBH(-aF%ggt@d gﬂ)ﬁfde C%éjl was successxvelg elongate& gy

addition to the N-terminus. More specifically, the

following process steps were repeated: A 9-

15 " fluorenylmethyloxycarbonyl group (hereinafter, referred

to as "Fmoc") which is a protecting group of an a-amino

group of the amino acid is removed by piperidine, the

peptide chain was washed with N,N-dimethylformamide

(hereinafter, referred to as "DMF"), a condensation

20 reaction was conducted by using 2-(1H-benzotriazole-1l-

vyl)-1,1,3,3-tetramethyluroniumtetrafluorophosphate

(hereinafter, referred to as "HBTU" and N,N-diisopro-

pylethylamine (hereinafter, referred to as "DIPEA"), and

the peptide chain was washed with DMF. As amino acids,

25 Fmoc-L-Ala, Fmoc-L-Asn(Trt), Fmoc-L-Asp(0OtBu), Fmoc-L-

Cys(Trt), Fmoc-L-Gln(Trt), Fmoc-L-Glu(OtBu), Fmoc-L-Gly,

Fmoc-~L~Ile, Fmoc-L-Leu, Fmoc-L-Lys(Boc), Fmoc-L-Phe,

Fmoc-L~-Thr(tBu), Fmoc-L-Trp, Fmoc-L-Tyr(tBu), and Fmoc~L-

Val were used. These amino acids (0.5 mmol) were used in

30 a vial. The amount of amino acids used is about 5 times

the amount of moles of a substrate which is used. (Hére-

in, Trt, OtBu, Boc, and tBu represent a trityl group, an

o-tertiary butyl ester, a tertiary butyl oxycarbonyl



KA014 - 24 - an am no group or a carboxyl
group of a carrier in the presence of a condensati on r eagent
such as di cycl ohexyl car bodi i m de (condensation nethod), and (3) a
met hod for cross-linking a peptide or a peptide deriva- 5 tive to a
carrier by using a conpound having at |east two functional groups
such as gl utaral dehyde (carrier cross- | i nki ng et hod) . I er to
reduce desorption and el ution BfZBebtides to a mninmum peptides are
preferably bound to a carrier by a coval ent bondi ng nethod. 10

There are various nethods for adsorbing and removi ng i nmunogl obul i ns
and/ or i Mmunoglggbupi, nandnpl deeriary butyl grdwpdy fdspetthiveky ngi ng a
carrier on which a pepti de functional group is inmobilized into
contact with 15 the body fluid such as the blood and the plasnma. Repre-
sentati ve exanpeggotection repciinmn hod chepvingpEiffheof a pephidies chBimaki ng

out the body fluid, st@kkag bl redctiRfoperatiof ¥a3d doip1leads o @14 th
an adsorbent to_adsorb and renove i_nmunogl obul i ns and/ or

i munogl oBul i n WemARLRS achds, ihe fHesuwiiang FUPRIRL aWadsr Baahed: wéitdby

obt ai ni ng body tert-amyllUi @ifdcHBMhi ErddiBinediehul iapa armd/ethyinmaregobul i n

conpl exes has been renoved, and (2). a nethod for, char%ln% an

adsor bent i nt o SYCRESSIHVEHRi AP £h SLARR Hrdem vdi & 36-3 P&~ t HPSRody

; : ui g gnd gqui R sﬂﬁﬂm&hfwialst ﬁriﬁi%ti}ebaZSVacuuﬁlgt kofﬁe,r_ew &h Wﬁ%@ﬁdﬁdmdy
ui ut does not Ss. t adsar.be n ng e bo

t hrough the vedSH ,&atalne(ghd tRe?d iVI&?.l’ E%W%?%o%mzégsﬁbl gla;#d'

renovi ngl0 e tharresl Wil i nsrehd@8fr ylnoinagisbliéi wecenpdéedstorely dpef

used. Hovever, e JALLGLATRIANLLS SO%V cha RDELALE: A0 A0rreq (i LhatOr e,

t he vessel can be i ncor pora racor poreal circul ation
circuit, wheresenpenstogteobier 1.5 hpums.an@hereafremogithisuimix togeplvases
can be renoved ifdrated of £l WhpP P bPer PPEYa{l YhdefolgRaAliE 1 AUk

| i ne. Thus,
filter with a 3G-3 pore. The resultant filtrate was con-
15 densed at 35°C under reduced pressure. To the condensed

filtrate, previously cooled absolute diethyl ether was
added, and the resultant mixture was stirred until no
absolute diethyl ether is precipitated. Then, the
mixture was centrifuged, and a crude peptide precipitate
20 was collected. Furthermore, the crude peptide was washed
several times with absolute diethyl ether, and thereaf-
ter, dried under a reduced pressured, whereby a crude

purified peptide of interest was obtained.

25 Purification of a peptide

The crude purified peptide thus obtained was dis-
solved in 0.1% TFA, and the solution was filtered through
a8 0.2 pm membrane filter. The filtrate thus obtained was
subjécted to high-performance 1liquid c¢hromatography
30 (HPLC). For HPLC, a Model LC-10A system (manufactured by

Shimadzu Corporation) was used, and as a column, a
reverse phase type nBondasphere C18 (manufactured by
Nihon Millipore Waters Ltd.) was used. For a mobile



KA014 -25 t he adsorbent of the present
invention is suitable for t hi s nmet hod. Next, a device

for adsorbing i mmunogl obulins 5 and/ or i mmunogl obul i n conpl exes of the
present invention usi ng an adsorbent for adsorbing i munogl obul i ns
and/ or I mmunogl obul in conpl exes w il be described with reference

to its schematic cross-sectional view. 10 A vessel 7 SKRAMMInN
Figure 6 includes an inlet or euBet 1 for a solution, an outlet or
inlet 2 for a sol ution, an inmunogl obulin and/or inmunogl obulin
conpl ex adsorbent 3 of the present invention, effluent preventing

means 4 and 5 i Ju e\(fs'ltddq% LaRe i -dd b dd1eadsPrxs 5 solbﬁﬂton wHah

allows a solutlon arid a_conponent contai ned therein t

t her et hr ough b#0%oEe/ Vidt agieteRitrd 1e/waterseppeaining pé)sé%t hﬁ%t RPodyh,

and a colum 6.5651u¥®n, the SRARGNAREsBLALEAl b Jllhiéar\/eﬁﬁ:lerﬂﬁeaﬁ’min
particul arly inm'ted. However, for ex anple,

éllndrlcafl et.sel wth
20 a capaci tGFSieout TS t & aBIUETEEB nfC afd ﬁob}l nBlar of T2 out
2 to abouts 10 C&Bﬁfeéﬁcﬁfcﬂ:@@lyOU&E@eptlde at the peaﬁ'hefpr‘tﬂsaernbtawrwdl on

LD ST B B verd hBLabl Bt RE A Y ALY,
fol | owi ng exanmdedseral times, and the fractions were lyophilized,
whereby a purified peptide was obtained. The peptide
thus obtained was analyzed by gas-phase protein sequencer
10 model 477 (manufactured by Applied Biosystems Co. Ltd. ),
end amino acid analysis using a Hitachi custom ion
exchange resin. Thus, it was confirmed that a peptide
having the amino acid sequence represented by ID SEQ NO:
2 was obtained. '
15

Immobilization of a peptide onto Sepharose

The above-mentioned peptide was immobilized onto
porous Sepharose, whereby an adsorbent was produced as
follows. As Sepharose, Thiopropyl Sepharose 6B (produced

20 by Pharmacia LKB) was used. To 50 mg of Thiopropyl
Sepharose 6B, 50 ml of distilled water was added, and the
mixture was allowed to stand at room temperature for 15
minutes, whereby the resin was allowed to swell. Then,
the distilled water was removed and replaced by 0.1 M

25 Tris hydrochloride (pH 7.5) coupling buffer containing
0.5 M of NaCl.

On the other hand, 4 mg of the above-mentioned

purified peptide was dissolved in 400 pl of 0.1 M Tris

30 hydrochloride (pH 7.5) coupling buffer containing 0.5 M
of NaCl, and 40 mg of the above-mentioned Thiopropyl
Sepharose 6B was added to the resultant solution. The

mixture was stirred at 4°C for 12 hours, whereby an



Exanpl es 30 Example 1

Chem cal synthesis of a peptide and I mobi | i zati on of the
peptide onto Sepharose

KA014 - 26 - Chem cal synthesis of a
pepti de Synthesis of a peptide having a sequence consi st -

ing of 57 residues of domain C3 of protein Gwth cyste- i ne added to
an N-term nus was conducted as follows 2% a 5 solid phase synthesis

met hod, using a Peptide Synt hesi zer Model 4170 (manufactured by
Pharmacia LKB). Using 0.1 of Fnoc- gl utam ne NovaSyn KA (produced

by Pharmaci a &é@%n%ffgh' ﬁleu%r tec%.edt ?;e?“ét ab and;%ﬂi‘fz&&”‘éﬁé?é’&ﬂ' ng

to the C—termnus | ound t1on
condensat i on reﬁéﬁl%‘Pnt%ﬂﬂée@epe‘é‘ﬂ’éﬁh?ﬁm%é@r%c@ew%hﬁnt ads@rlent hekth

program i nput tené eﬁep&é demmyBi €S bACkhereon w&@effi’ieﬁeéeﬁ&' Q@cﬁh@h“ was
successi vely el onga dd| tion to the N-termnnus.

specifically, the GPBItIeG\H ngf pthRedeprtideepin thge ilrté-“ﬁ‘é"&t eas A
9- 15 = fsuoregubnetbytedyasy bemyl apseuptehaiAlitdEion I efi@ieedmethod, t 0

e W el e T peipne & (reris of $Bs ieptife niRHBDRED
with N, N-di net hghtor kel darrier waerebmaihed, raher reeibdrbeast "RMH) the
condensat i on 20peptri8aCtmrggbwillzean'gggztrggnb st:ho(%:‘oug(h]ll_ll; Qvean%Otcf Zc?ll ‘fol'
mM of phosphate buffer (pH 7.2) containing 150 mM of
10 NaCl, and filtered by suction, whereby a peptide-
Sepharose adsorbent of interest was obtained.

Example 2

15 Evaluation of adsorbing capacity of an
adsorbent with a peptide immobilized thereon

Test 1
The adsorbent produced in the above-mentioned
20 Example 1 was evaluated for adsorbing capacity of ther-
mally coagulated complexes (model of an immune complex)
in the blood, by using the serum of a healthy subject.
Fifty microliters (one volume) of the above-mentioned
adsorbent was collected in a wvial, and 150 pl (three
25 volumes) of the serum of a healthy subject containing 20
pg/ml of thermally coagulated complexes (see M. Makino,
Clinical Immunology, Vol. 18, pp. 111-119 (1986)) was
‘ added to the adsorbent, and the serum and the adsorbent
were incubated with shaking at 37°C for 2 hours.
30 Furthermore, as a control, 150 upl (3 wvolumes) of the
serum of a healthy subject containing 20 pg/ml of ther-
mally coagulated complexes to 50 pl (1 volume) of an
untreated support, and the serum and the support were



yl)-1,1, 3, 3-tetranet hyl uroni unt et raf | uor ophosphat e (hereinafter,
referred to as "HBTU' and N, N-dii sopro- pyl et hyl am ne (hereinafter,
referred to as "DI PEA"), and t he peptide chain was washed with DVF.
As am no acids, 25 Frnoc-L-Ala, Fnoc-L-Asn(Trt), Fnoc-L-Asp(Q Bu),

Frnoc- L- Cys(Trt), Fnmoc-L-An(Trt), Frnoc-L-du(QtBu), Fnoc-L-Qdy,
Fnoc-L-1le, Fnoc-L-Leu, Fnoc-L-Lys(Boc), Fnoc-L-Phe, KAQl4
Fnoc- L- Thr (tBu), Fnoc-L-Trp, Fnoc-L-Tyr8PBa), and Froc- L- Val were
used. These am no acids (0.5 nmol) were used in 30 a vial. The anount of
am no acids used is about 5 tines t he amount of noles of a substrate
which is used. (ibdesudated w:.ﬁm,sh'En{:.ngQaBU 37Bcu: Foan@ tl'ﬂm:fsﬁprﬁ&ﬁﬁea'fﬁd’ﬁ,tw

group, an tertiary but ester, i ar t carb |
KAO14 t?lese suspensi a/nS W%Ii‘e cen I'l u%?éu % él’l ggﬁytr&m[ I(}Cné%/ CB’tﬁ y|
group, respectiwdnube, and theepamdenti ofi lthect:omplalaésc lieavtitreg s:i;femia-a

peptide chain ' cants were ALdSiz8a’BICLLOR.ARSLRLLAN NS UL T |

5 t he am no aci Fe el was wa arryl
al cohol, aéetic "a‘-“cRFcLISaPncCJcﬁ-éIKy'r reaxhvefactured ByicBedsirekig, Ing.a gl ass
filter wth a 3G 3 pore. Then, the support was dried in a vacuum
whereby a dry support was obtained. In a vial, 20 mM of TFA 260
[err]] of 1,2- 10 et Fheedieshildlis axal shewn épr Tabde hni sthe adsernigrenl to

1 g of t her phil H£dtAEPRIdrmANY, t BSadfhXd tEs &@ﬁpiéké"se%aéist FEOFS ~
tenperature for 1.5 hours. Thereafter,” the m xture separated off

the support by fiqnted ¥ amhedsgrphionyaddo (%) c?i??é?tﬁﬁit Rramss ik e.

The resul 1t fid#r atkeWagoa@Ro1l5 senﬂﬁ:nswl athéd[ Eolowiifr SQERELsh.

ressure. To t ndensed fi revi Qusly cool ed absol uf e
gi ethyl et her W;Eurt ermore, each adsor%lng Fé:apacgty ¥>f 1mmunog'fobu.{1ns

(IgG, IgA, IgM) was quantitated by an extracorporeal
diagnostic medical product "N-Assay TIA" measurement kit
commercially available from Nittobo Co., Ltd. The

15 results are shown in Table 2. Furthermore, IgG subclass-
es (IgG,, IgG,, IgG,, IgG,) were guantitated by a measure-
ment kit using an immune diffusion (SRID) method commer-
cially available from Bindingsite. The results are shown
in Table 3.

20

Complex concentration Complex concentration

in the control solution in the test solution

Adsorption removal = X 100

25 ratio (%) Complex concentration in the control solution



added, and the resultant m xture was stirred until no absol ute

diethyl ether is precipitated. Then, the m Xt ure was
centrifuged, and a crude peptide precipitate 20 was col | ect ed.
Furthernore, the crude peptide was washed several tines with absol ute
di et hyl ether, and thereaf- ter, dried under a reduced pressured,
wher eby a crude purified peptide of interest was obtained. 2%AQ014
Purification of a peptide -~ The trude purified peptide thus
obt ai ned was di s- solved in 0.1% TFA, and the solution was filtered

t hr ough a 0.2 pmnmenbrane filter. The filtrate thus obtained was

subj ected to high-performance |iquid chronedigs aphy 30 (HPLO). For

HPLC, a Model LC- 10A system (manufactured by Shi madzu Cor por ati on)

was used, and as

a—eou—a—————Feverse—phase—tyrpe—pBondasphere—Cc18——
(nanufactured by Adsorbéhbon M| ipore Yahnebslitdd) was us@dorption aatio
nobi | e

KA014 - 28 amountpﬁg\gé’mldsi ngotf 1%%13%%%
sol ution as A solution and 80% (v/v) acetonitril e/ watmragddtadi ng
0.1% TFA as B solution, the colum was eluted by a |ins AR
concentration gradient fromA solutlon to B solutlon %§zunﬂons 5
corresponding to i tai chr omat ogr am
were col | ected. Cgbheghhgglwggehepeated several tines and the
fractions were |y E l'1zed whereby a purified peptlde was obt ai ned.
The pepti de tR&SPEEPYILNE@T RS anal yzed by -§as- phase prot ei P <Rquencer
10 nodel 47 (nanufactured by Applied Biosystens Co. Ltd. ), and

am no acid analysis using a Htachi customion exchange resin. Thus,

it was confirmed Fﬁé?pﬁo gpt FgETier
with a ligand

immobilized thereon 0.8 41.7

15
Table 2

Adsorbent Immobilized Adsorption ratio

20 amount (mg/ml) of immuno-
globulins (%)
IgG IgA IgM

Non-immobilized

25 thiopropyl carrier 0.0 0.0 0.0 0.0

Thiopropyl carrier
" with a ligand .
immobilized thereon 0.8 83.4 0.0 2.7
30




havi ng the am no acid sequence represented by I D SEQ NO 2 was

obt ai ned. 15 | mobi lization of a peptide onto Sepharose

The above-nenti oned peptide was i mmobilized onto por ous Sepharose,
wher eby an adsor bent was produced as foll ows. As Sepharose,

Thi opr opyl Sepharose 6B (produced 20 by Pharnmaci a LKB) was used. To 50
mg of Thi opropyl Sepharose 6B, 50 ml of distilled water was d&dhdtict
and the m xture was allowed to st3Ad-at roomtenperature for 15

m nut es, whereby the resin was allowed to swell. Then, the distilled
wat er was renoved and replaced by 0.1 M25 Tris hydrochloride (pH 7.5)
coupling buffer containing 0.5 M ofahLl3 On the

ot her hand, 4 ng of the above-nentioned purified peptide was

di ssolved in 40 i i i ng

e+ H—e+0-1-M-Iis30—hydrochloride{pH-7-5+——ecoup
buf f er cont ai ni AgsBrbehlt of NaGmmabid idedy of Aiscahpyionerdtimed
Thi opr opyl Sepharose 6B was added to,th sul tant _sol uti.on.

m xture was stirred at 4[err]C for FRABY s(,mgjﬂgﬁebffgﬁ:gGssu%classes?%e)
KA014 5 - 29 - adsorllgght Wig t hgGpurigd,ed

peptide inmobilized thereon was obtai ned. Furthernore, the resultant
adsorbent with f f i ;

sucti on, ahen-hamebitldmedof the peptide in the filtrate was 5
quantitated by ap;abseluhe Galdiation cyy e nethod, o o 48ing PLCo 0
Thus, a ratio of tlhe pggill 5% i I%TYDI%I lized onto the car ;blser was

obtai ned. The adsorbent with the

10 Thiopropyl carrier
with a ligand
immobilized thereon 0.8 3.2 78.9 63.2 65.7

15 From the above results, it was discovered that
the use of the adsorbent of the present invention enables
IgG which is a component of immune complexes and immune
complexes to be selectively adsorbed and removed, and
enables IgG,; which is not adsorbed by protein A to be
20 adsorbed and removed.

Test 2
The above-mentioned adsorbent was evaluated for
adsorbing capacity of circulating immune complexes in the
25 bloocd by using the serum of a patient suffering from
rheumatism. Fifty microliters (one volume) of the above-
mentioned adsorbent was collected in a vial, and 150 pl
(three volumes) of the serum of a patient suffering from
rheumatism was added to the adsorbent, and the serum and
30 the adsorbent were incubated with shaking at 37°C for 2
hours. Furthermore, as a control, 150 pl (3 volumes) of
the serum of a patient suffering from rheumatism was
added to 50 pl (1 volume) of an untreated support, and



peptide inmmobilized thereon was thoroughly washed with 10 mM of
phosphate buffer (pH 7.2) containing 150 mM of 10 NaCl, and filtered

by suction, whereby a peptide- Sephar ose adsorbent of interest was
obt ai ned. Exampl e 2 15

Eval uati on of adsorbing capacity of an adsorbent with a peptide
i mmobi li zed t hereon Test 1 The adsorbent prodeaed4i n

t he above-nenti oned 20 Exanpl e 1 was83ewval uated for adsorbing capacity of
t her - mal | y coagul at ed conpl exes (nodel of an i mune conpl ex)

in the blood, by using the seruniof a heal thy subject. Fifty
microliters (ongyalamg) g;e%?@%cu ate@d@%n

collected in a vial, and 150 err t hree- 25 unes) t e ser niof a
heal t hy subj ect3%dnt &PRi g POUTS- TRafien heERAPPY SUSRRTISHANE C¥RBeexes

(see M Maki no, centr1f&&é@'§€|5'56@”Q&ﬂgfbrv%he3Hind¥é ]éﬂdléﬁb(éﬁgﬁﬂi was
added to the adsorbent, and the serum and t he adsor bent’

i ncubated with %ﬂaR?%gcaWpé?FEFrPB fife SunRsTratany Waﬁﬂﬂ%#ﬁ#?ﬁﬁeby tkey

control, 150 p|mé8h<\j@| gaeeridbedt ith Test sSerumm fesedtEhwrabdm@sin in
containing 20 [

t.her- . I | at ed I 5
[err]l (1 volu %g gr'f:ogethee{iM’T%t%%&ﬁéﬁ%%?‘ggngagﬁgcgg exiﬁ‘di?ﬁﬁ
support were from a value of the control serum. Furthermore, each

KAO14 adsorbing capacity ofzgkmunoglobulins (IgG, IgA, IgM) was

quantitated by the above-mentioned method. The results

10 are shown in Table 5.
Table 4

Adsorbent Immobilized Adsorption ratio

15 amount (mg/ml) of immune
complexes (%)

non-immobilized

thiopropyl carrier 0.0 0.0
20

Thiopropyl carrier

with a ligand

immobilized thereon 0.8 29.3

25



i ncubated with shaking at 37[err]C for 2 hours. Thereafter, t hese
suspensions were centrifuged at 5,000 rpm for one m nute, and the
anount of the conplexes in the superna- tants were neasured by an
extracor poreal diagnostic kit 5 "FRELI SA C g-C C' manufactured by
Fujirebio Inc. The results are shown in Table 1. The

adsor ption rati o of the thernallé coagul ated conpl exes was riiftled
sented by an adsorption ratio (% catcéfated froma value 10 of the
control serum by the following equation. Furt hernore, each

adsor bi ng capacity of inmunogl obulins (1gG 1gA 1gM was quantitated
by an extracor por eal di agnosti c nmpgbtal sproduct "N Assay TIA"

measur enent kit cormercially available fromNttobo Co., Ltd.

The 15 r esuHt-s—are—showr—+n—Fable—2—Furtherrere—Hg6—subelass———  es

(lggerr], IgGa@Esokcbdrg err], 1gder r]jrﬁm@rmtﬁz:gmnt i t ardddnpta oreamtrie

ment kit using an i mmune diffusion (SR.D thd M-e 4 ially
avai l abl e from Bi ndingsite. The result%@%?@FSI%ﬂﬂ&Pynﬁ O?nlW%%Pé 3. 20
Conpl ex c@ncentration Conpl ex concentration globin (%) in the
control solution - in the test solution Adsoi$§ion[ £movly =
X 100 25 ‘ratio (% Conpl ex concentration in e control
sol ution
KA014 Non-immobilized - 31 -

thiopropyl carrier 0.0 0.0 0.0 0.0

10

Thiopropyl carrier

with a ligand

immobilized thereon 0.8 21.1 0.0 2.7

15
From Tables 4 and 5, it was discovered that the

use of the adsorbent of the present invention enables IgG

which is a component of immune complexes in the blood of

a patient suffering from rheumatism and immune complexes
20 to be selectively adsorbed and removed.

Example 3
High-pressure vapor sterilization stability

25 of an adsorbent with a peptide immobilized thereon

Autoclave treatment of an adsorbent

Fifty microliters of the adsorbent produced in
Example 1 was suspended in 1 ml of 10 mM phosphate buffer
30 (pH 7.2) containing 150 mM of NaCl, and the resultant
suspension was heated under a high pressure at 121°C for
20 minutes in an autoclave sterilizer.



Table 1 Adsor bent | nobi i zed Adsorption ratio
anmount (ng/m) of thermally 5

coagul at ed conpl exes (%
non-i nmobi | i zed t hi opropyl carrier 0.0 0.0 10
Thi opropyl carrier with a ligand I mobi lized thereon

0.8 41.7 15 Tabl gAQ14
Adsor bent | mobi lized - 3%dsorption ratio 20

anmount (nmg/m) of i mmuno-

gl obulins (% lgG 1gA

| gM NONEdaTRREL b8 88 ZRisorB I RIAPAEi 1520E 8h adsorbent s@bfect-

0.0 0.0 0.0 Thropropyt—TarTier Wt Tgamd—

i mobi | i zed t he2RohO an autoclgvh treatmegf 4 0.0 2.7 30
The serum was suspended in the same way as in
Example 2, using the adsorbent obtained in Example 1 and

5 the above-mentioned adsorbent treated by autoclave
sterilization. The concentrations of complexes and
immunoglobulins in the obtained supernatant were measured
to calculate an adsorption and removal ratio. The
results are shown in Tables 6 and 7.

10
Table 6
Adsorbent Immobilized Adsorption ratio
amount (mg/ml) of immune
15 complexes(%)
Non-immobilized
thiopropyl carrier 0.0 : 0.0
20 Thiopropyl carrier

with a ligand
immobilized thereon 2.4 78.3

Carrier with a ligand
25 immobilized thereon
treated at 121°C for
20 minutes 2.4 12.5




KA014 - 32 -

Table 3 Adsor bent | mobi | i zed Adsorption ratio
anount (ng/m) of 1gG subclasses(% 5

lgerr] 1gJerr] I1gderr] l1gJerr] Non- i mrobi | i zed

t hi opropyl carrier 0.0 0.0 0.0 0.0 0.0 10 Thi opr opyl
carrier with a |ligand i mmobi | i zed t hereon 0.8 Ka@3 2
78.9 63.2 65.7 15 Fromgghe above results, it was di scovered
t hat the use of the adsorbent of the present invention enables

| gG which is a conponent of inmune conpl exes and i nmune conpl exes to
be sel ectively adsorbed and renoved, ang enabl es 1gG& which is not
adsorbed by protein Ato be 20 adsor e% and renoved. Test 2

The above-nentioned adsorbent was eval uated for adsor bi ng capacity of
circulating i myy TI%%'H’A exes in the 25,000 Py usi Rgd SRR 2
pati ent sufferlng rheumat i sm ty mcroliters (one Volrume) of
t he above- ment i oned adsor bent wa@mQRﬂﬁeﬁﬁgﬁwl)ﬁ a of almmane- 150
[err]l 5 (three volunes) of the serumof a patient gyjégﬁlpg fgpm
rheumati smwas added to the adsorbent, and the serum and 30 t he

adsorbent were incubated with shaking at 37[err]C for 2 196 IgA  IgM

Non-~-immobilized

thiopropyl carrier 0.0 0.0 0.0 0.0
10

Thiopropyl carrier

with a ligand

immobilized thereon 2.4 58.8 0.0 1.8

15 Carrier with a ligand
immobilized thereon
treated at 121°C for
20 minutes 2.4 8.8

20
From the above-mentioned test results, it was
found that the adsorbent with the peptide immobilized
thereon of the present invention has its adsorption
removal capacity decreased by an autoclave sterilization
25 treatment, while maintaining an adsorption removal
capacity with respect to complexes and IgG.

Example 4
30 Production of a peptide derivative MK3P47 peptide

DNA (DNA sequence represented by SEQ ID NO: 5)
encoding MK3P47 peptide represented by SEQ ID NO: 4 was



hours. Furthernore, as a control, 150 [err]l (3 volunes) of the serum
of a patient suffering fromrheumati sm was added to 50 [err]l (1

vol une) of an untreated support, and

KA014 -33 - the serum and t he support
were incubated with shaking at 37[err]C for 2 hours. Thereafter,

t hese suspensi ons were centrifuged at 5,000 rpm for one m nut¥A0b#d

t he anmount of the conpl exes in th87supernatant was neasured by the 5
met hod described in Test 1. The results are shown in Tabl e 4
together with the adsorption ratio (% cal cul ated froma value of the
control serum gyrdtHddieid®r €, TIEBE IDNA is AP G aRacdd bedfconnected

i | obul | 19G, JgA | . ..quantitated by th ,
above- nent | one Pl RS SReD) Festatoridhosensiin T HpalEeg. on 3

Table 4 siAtlsOoriatdIII on a 3' slida)bolfi 2e@pUCNT vAdswmpt ( aparadse 15
anount (nmg/m) . Of innqg . . _

conpl exes (% Lalé)Op?ﬂnrﬁﬁ&&ﬁﬁF}gngo‘ 4 2%%?%%?bpyl carrier 0.0
0.0 20 5 Thiopropyl carrier with a ligand I mobi | i zed

t her eon 0.8

DNA havin&g'éhe above-mentioned sequence was
connected to a pUCNT vector cleaved by digestion with
restriction enzymes Ndel and HindIII (produced by Takara
Shuzo Co., Ltd.) by using DNA Ligation Kit Ver. 2 pro-

10 duced by Takara Shuzo Co., Ltd. in accordance with a
procedure, whereby a pUCNTMK3P47 vector (Figure 1) was
produced.

The pUCNTMK3P47 vector DNA was introduced into.gl
15 coli HB1l0l strain (available from Funakoshi) by using a

known method, and a transformant was selected based on

resistance with respect to antibiotic ampicillin as an
index. Furthermore, plasmid DNA was extracted from this
transformant by a conventional method and determined for
20 its sequence, whereby it was confirmed that the
PUCNTMK3P47 vector has a DNA sequence as designed. Next,
the transformant was cultured with shaking in 6 L of L-
broth (5 g/L of NaCl, 10 g/L of bactotrypsin, 5 g/L of
yeast extract) at 37°C for 20 hours, and cultures were
25 centrifuged (at 4°C and 6000 rpm for 20 minutes, using a
Hitachi RPR9-2 rotor) to collect the cells. The pellets
thus obtained were suspended in 300 ml of a TE buffer (20
mM of Tris-HCl, 1 mM of EDTA: pH 7.5), and the resultant
suspension was subjected to ultrasonication disruption (3
30 times (each for 6 minutes) in the ice, using BRANSON
250). Then, the suspension was centrifuged (at 4°C and
15000 rpm for 20 minutes, using a Hitachi RPR16 rotor),

and a supernatant was collected. The supernatant thus



25 ' KA014

-34 - , Tabl e 5 Adsor bent

| mobi | ized Adsorption ratio anount

(my/ M) of immuno- 5 gl obin
(% lgG IgA IgM

Non-i nmobi | i zed t hi opropyl carrier 0.0 0.0 ra01@
0.0 10 Thi opropyl carrier -v88h-a |igand i mobi | i zed

t her eon 0.8 21. 1 0.0 2.7 15 From Tabl es
4 and 5, it was discovered that the use of the adsorbent of the

present inyentiBﬁtﬁaﬁghe?aggﬁeated a@iwoés,;@rcm teof Egﬁw&l@fugeg
conpl exes in the blood o a patient suffering from rheamatism and
i mune conpl exe$§220 4°C tandelsePLcaipre| §0ad30r BéauARE, r atshnay. @ Hitachi

Exanpl e 3 RPR16 rotor), and 300 ml of a supernatant was collected.
MK3P47 peptide was purified from the supernatant thus
5 obtained, by using HPLC chromatography (column: Waters
HBONDASPHERE 5 p C18 300 A 19.0 x 150 mm) as follows.
First, 40 ml of 0.1% TFA solution was passed through the
column at a flow rate of 5 ml/min to activate the column,
and 300 ml of a sample was passed through the column at
10 the same flow rate. The column was washed with 200 ml of
0.1% TFA + 14% acetonitrile solution. Then, MK3P47
peptide derivative of interest was eluted from the column
by using 200 ml of 0.1% TFA + 40% acetonitrile solution,
whereby fractions containing MK3P47 peptide were collect-
15 ed. The fractions were concentrated to 100 ml by an
evaporator and 1lyophilized, whereby 1.2 g of MK3P47
peptide was collected as a high purity purified sample.

This sample was used for various studies.

20 Example 5
Production of a peptide derivative MP47K3 peptide

DNA represented by SEQ ID NO: 7 encoding MP47K3

25 peptide represented by SEQ ID NO: 6 was synthesized by
using the method similar to that of Example 4, and a
PUCNTMP47K3 vector was produced by using the DNA and a

PUCNT vector. Then, the vector was transformed into E;

coli. The transformant thus obtained was cultured (6 L),

30 and the MP47K3 peptide of interest was purified, whereby

600 mg of a high purity sample was obtained.



H gh- pressure vapor sterilization stability 25 of an adsorbent with a
peptide i mobilized thereon Aut ocl ave treat nent of an adsorbent
Fifty mcroliters of the adsorbent produced in Exanple 1 was
suspended in 1 m of 10 mM phosphate buffer 30 (pH 7.2) containing 150
mMv of NaCl, and the resultant suspensi on was heated under a high
pressure at 121f[err]C for 20 mnutes in an autocl ave sterili 14
KAO014 -35= 39 - Eval uati on of adsor bing
capacity of an adsorbent subject- ed to an autocl ave treat nment

The serum was suspended in the same way as in Example 2, using the
adsor bent obtained in Exanple 1 and 5 Exampge 8bove-nenti oned adsorbent
treated by autoclave sterilization. The concentrations of

conpl exes and I mmunogl obul ins in the obtained supernatant were
nmeasur ed t o c@#Erafuaiteian aflsorgepoidantereraviie MR47 opeptide
results are shown in Tables 6 and 7. 10 Tabl e
6 Adsor bent | mobi | i zed Adsorption ratio

amount (nghm) of i MmDN& Iepresented by SEQ ID NO: 9 encoding MP47

conpl exes(% peptide represented by SEQ ID NO: 8 was synthesized by
using the method similar to that of Example 4, and a

PUCNTMP47 vector was produced by using the DNA and a

pUCNT wvector. Then, the vector was transformed into E.

10 coli. The transformant thus obtained was cultured (6 L),

and the MP47 peptide of interest was purified, whereby
500 mg of a high purity sample was obtained.

Example 7
15

Production of a peptide derivative MP47C peptide

DNA represented by SEQ ID NO: 11 encoding MP47C

peptide represented by SEQ ID NO: 10 was synthesized by

20 using the method similar to that of Example 4, and a
PUCNTMP47 vector was produced by using the DNA and a

pUCNT vector. Then, the vector was transformed into E;

coli. The transformant thus obtained was cultured (6 L),

and the MP47C peptide of interest was purified, whereby
25 1.3 g of a high purity sample was obtained.

Example 8

Production of MK3G56 peptide for comparison
30
DNA represented by SEQ ID NO: 13 encoding MK3G56
peptide represented by SEQ ID NO: 12 was synthesized by
using the method similar to that of Example 4, and a



Non- i mrobi | i zed t hi opropyl carrier 0.0 0.0

20 Thi opropyl carrier with a |igand I mobi | i zed t hereon
2.4 78.3 Carrier with a ligand 25 i rmobi |1 zed

t her eon treated at 121[err]C for 20 m nutes

2.4 12.5

KAO14 - 36 - KAD14
Table 7 Adsor bent -1 a@obi | i zed Adsorption ratio
anmount (ng/m) of imuno- 5

gl obulin (% lgG IgA IgM
Non- '”nnb'|'ZedpUCNTMKF@ﬂﬁmvaaéofaﬁééebroduc a by, %ng the BNR ang0-d)
0.0 10 Th ropyl carrier ? | robi | ized

t her eon NI vectomg dlheng phevector was transformed into E.

coli. The transformant thus obtained was cultured (6 L},

and the MK3G56 peptide of interest was purified, whereby
5 1.0 g of a high purity sample was obtained.

Example 9

Production of a peptide derivative MK3-7M peptide
10
DNA represented by SEQ ID NO: 15 encoding MK3-7M
peptide represented by SEQ ID NO: 14 was synthesized by
using the method similar to that of Example 4, and a
PUCNTMK3-7M vector was produced by using the DNA and a
15 PUCNT vector. Then, the vector was transformed into E.
coli. The transformant thus obtained was cultured (6 L),
and the MK3-7M peptide of interest was purified, whereby

800 mg of a high purity sample was obtained.
20 Example 10
Production of MG56 peptide for comparison

DNA represented by SEQ ID NO: 17 encoding MG56

25 peptide represented by SEQ ID NO: 16 was synthesized by
using the method similar to that of Example 4, and a
PUCNTMG56 vectof was produced by using the DNA and a

pUCNT vector. Then, the vector was transformed into E;

coli. The transformant thus obtained was cultured (6 L),

30 and the MG56 peptide of interest was purified, whereby
400 mg of a high purity sample was obtained.



15 Carrier wth a |igand I mobi | i zed t hereon treated at

121[err]C for 20 m nut es 2.4 8.8 20
From t he above-nentioned test results, it was found that the
adsorbent with the peptide i mmbilized t hereon of the present
I nvention has its adsorption renoval capacity decreased by an
autocl ave sterilization 25 treatment, while maintaining an Ka0l4
adsorption renoval capacity withkespect to conpl exes and |gG
Exanpl e 4 30 Production of a peptide derivative MK3P47 peptide
DNA (DNA sequence represented by SEQ ID NO 5) encodi ng MK3P47
peptide represented by SEQ ID NO 4 wagxample 11
KA014 -37 - synt hesi zed. This DNA is
designed so as to be connected by utilizing each restriction enzyne
site (Ndel on a 5' prugidfiatiridn Wuivs asdUediHfon #UsePryvast or
(Japanese Lai d-open Publication No. 4-212692). 5 DNA
havi ng t he above-nenti oned sequence was
5 First, 1 mg/ml of an aqueous solution of each
peptide obtained in Examples 4 to 8 and Example 10 was
diluted to 10 pug/ml by O to 8 M of a guanidine
hydrochloride solution (at 30°C), and a fluorescent
intensity at EM 340 nm (excited at EX 278 nm) was mea-
10 sured by F-~-2000 type spectrofluorometer manufactured by
Hitachi, Ltd. The results are shown in Figures 2 and 3.
The fluorescent intensity (%) was plotted on an ordinate,
and the concentration of guanidine (M) was plotted on an
abscissa. In Figure 2, ¢, 0, and A represent a MG56
15 peptide, MK3G56 peptide, and MK3P47 peptide, respective-
ly. In Figure 3, ¢, 0, A, and X represent a MK3P47
peptide, MP47K3 peptide, MP47 peptide, and MP47C peptide,
respectively. Consequently, as shown in Figures 2 and 3,
when the height of denaturation concentration of each
20 peptide was compared, a relationship MP47C > MP47 >
MP47K3 > MK3P47 > MG56 > MK3G56 was obtained.
Example 12
25 Measurement of a thermal
denaturation point of a peptide
MK3G56 peptide and MK3P47 peptide were measured
for a thermal denaturation point by an adiabatic type
30 differential scanning calorimeter DASM-4 (manufactured by

Mashpriborintorg in Russia: Japanese agent, Shinkurikou
Kabushikikaisha) with reference to a method described in
Protein, Nucleic acid, Enzyme, Vol. 33, No. 4 (1988) pp.



connected to a pUCNT vector cleaved by digestion with restriction
enzynmes Ndel and HindlIl (produced by Takara Shuzo Co., Ltd.) by using
DNA Ligation Kit Ver. 2 pro- 10 duced by Takara Shuzo Co., Ltd. in
accordance with a procedure, whereby a pUCNTMK3P47 vector (Figure 1)
was pr oduced. The pUCNTMK3P47 vector DNA was

i ntroduced into E. 15 coli HB101l strain (avail able from Funakosh&kAoby
using a known net hod, and a trams#@rmant was sel ected based on
resistance with respect to antibiotic anpicillin as an I ndex.
Furthernore, plasm d DNA was extracted fromthis transformant by a

convent | onal eod sal A Heit L0re 20 spot S SAUERAE.g SDETEDY mid

was confirned th 3P4/ vect or DNA sequence as
desi gned. Next, heat Caﬂ@@%ﬁyar{%%{kha@%mmt@ﬁ W @I’SWQW‘?% @nd of

L- broth @hed /&%eM&relq °9'H— Qgsb%qro‘%tt@dpscbx'i‘ an Hbs@issa. Agast

extract) at 37[err]C for hours, and cul fures were 25 centri fuged (at
4[err] C and 600GNI¥R iR IEBQH;Fﬁﬁt 8s (W% ) and Figprgchi (MEREY noths to

col | ect ths cel linerfia paﬁi\uﬂa&fa?non Lposneblad %W@‘ﬁ?pggﬁddént‘?@ m
of a uf fer of Tr : pH_7.5), e
resul t ant %Jép&vsﬁb‘?f"%%ssﬁ F(?ctcbfd "E]‘Ue umff:%% nPEBgFSﬁ d‘?asgr 3{)@1%&(3
Sg t ihmas ( eadifsorsHows M@B]Zam ngfnli‘lﬁol aeidupreg aIﬁR/bksLSG'NlonOO%? ZEO)SfEQ -
Then, the suspe ) centri e 4] er rpm or
mnutes, using a a'\(,:VE:Ts %&Hﬁ‘%e?gf% }&‘prov‘gs ég\%r%aguﬁg?ﬁé}é%

collected. The super nat ant thus
KAO14 - 38

ﬂpt ai ned was heated at
70[err]Cflor 10 m nutes, centrifuged '

"Example

Immobilization and y-ray
sterilization stability of K3P47 peptide

15 Water was added to 90 ml of GCLZ2000m (produced by
Chisso Corporation, a molecular weight of the exclusion
limit of a globular protein: 3,000,000) which is a
cellulose type porous hard gel so that a total volume
became 180 ml. Thereafter, 60 ml of 2 M sodium hydroxide

20 was added to the mixture, and the resultant mixture was
heated to 40°C. Then, 21 ml of epichlorohydrin was added
to the mixture, and the mixture was allowed to react at
40°C for one hour with stirring. After the completion of
the reaction, the reaction product was thoroughly washed

25 with water to obtain an epoxy activated gel.

The epoxy activated gel was suction-dried (aspi-
rated by an aspirator on a glass filter G3 for 15 min-
utes). One gram of epoxy activated gel was suspended in

30 2.7 ml of a borate buffer (pH 10.0) (8.74 ml of 0.1 N
agueous sodium hydroxide was added to 10 ml of an
agueous solution of 0.1 M sodium tetraborate and 0.1 M

potassium chloride, and water was added to the mixture so



(at 4[err]C and 15000 rpm for 20 m nutes, using a Hi tachi RPR16
rotor), and 300 m of a supernatant was col | ected. MK3P47 pepti de was
purified fromthe supernatant thus 5 obt ai ned, by using HPLC

chr omat ogr aphy (col um: Waters pBONDASPHERE 5 p C18 300 A 19.0 x 150
mm) as follows. First, 40 m of 0.1% TFA sol ution was passed through

t he colum at a flowrate of 5 mM/mn to activate the col um, KAO14 and
300 mM of a sanple was passed througkh #3e -col uim at 10 the sane fl ow
rate. The colum was washed with 200 m of 0.1% TFA + 14%
acetonitrile solution. Then, MK3P47 pepti de derivative of interest

was el uted fromudie £0L8881 volumdY Beddue 24 i ) of aﬂd_l%DT@% oA 0MR3P47
acetonitrile solution, er fractions_containin 3P47 pept.i de

wh b
were col | ect - BePtidegy (SEQ IR rl‘éf&’cei%?‘nsw%r%d%c%t"r%ﬁ FREABEP™M  bYP&in

evapor at or and te@phtdn € eshspbes ey ¢ald 81 Dbwdl Y react apepdtdefdRs60

collected as a high purity purified sanple. This sanple was used for
vari ous st udi est.‘o"?r%d”lth stirring. Exanpl e 5

Productiors of a peptide derivative MP47K3 peptide _ DNA

SEQ 1D NG 6 was Synt hedis crigr et b s e zeqcP R BEACRE SR8 RhePY,

Exanpl e 4, and the reacplGNTMeXEKR2vEcldr didstedoduespeptinglng t hEh®NA and

e tranttor morfO8 L SEES nCARIEELOLARE FEARLeI (REORA R oy PiprcRd T

peptide of intevastad@ed pie iddchd 10vdr oify the dilgbednguperaaagisputhen

sanpl e wafg obt afR€dsypernatants were incubated at 37°C for 30 minutes.
Thereafter, the absorbance at A = 550 nm was measured.
Calibration was conducted and the concentration of the
peptide and the immobilized amount thereof before and
after the reaction were calculated. As a result, the

15 reaction yield of the peptide with respect to the gel was

34%, and the immobilized amount thereof was 2.1 mg per 1
ml of gel.

The synthetic adsorbent with the peptide immobi-
20 lized thereon was washed with a sufficient amount of
saline to obtain adsorbent GCL2000mMK3P47.

Furthermore, a part of the synthesized adsorbent
GCL2000mMK3P47 was subjected to y-ray sterilization
25 (25kGy) while being suspended in a saline, thereby
obtaining adsorbent YGCL2000mMK3P47 subjected to Yy-ray
sterilization. (Hereinafter, an adsorbent subjected to

’ Yy-ray sterilization will be represented with ¥.)

30 Then, 300 pl of the human serum containing 20
pg/ml of thermally coagulated immunoglobulin complexes
(hereinafter, referred to as "Model IC") was added to 100
Bl of the adsorbent GCL2000mMK3P47 or YGCL2000mMK3P47



KA014 - 39- Exanpl e
6 Production of a peptide derivative MP47 peptide 5

DNA represented by SEQ I D NO 9 encodi ng MP47 pepti de represented by
SEQ I D NO 8 was synthesized by using the nmethod simlar to that of
Exanple 4, and a PUCNTMP47 vector was produced by using the DNA and a
PUCNT vector. Then, the vector was transforned into E. 10 coli. HA@L4
transformant thus obtai ned was cul tured4¢6-L), and the MP47 peptide of
i nterest was purified, whereby 500 ng of a high purity sanple was

obt ai ned. Example 7 15 Producti on of
a peptide derivanuee IAadEPtdnE the mixture wasDbAakepr ase7ed HOXSEQ | D

NO 11 encodi ng MP47C peptide represented by SEQ ID NO .10 wa

synt hesi zed by 3¥YTSssi ngPEhé& hith rt{e’S %ﬁ“%fwﬁaﬁﬁﬂieﬁfcegn&f{a
PUCNTMP47 vect olcetts ifudfiittiesh bundsithe ¢becérations of immidNglorrcliols
Then, the vector, was transforned.into.E " JJd . T ransf ormant_ t hus
obt ai ned was cul(t}}.ﬁreed“t%‘qle)’f’ refer %%EY%eaSNP}P%Q e[ﬁqéaicg)fwefrn STERY S
purified, Wwherebyo 2mlcullatd ganfadsbrghipor rayisanpfaenaorgsrdinaddon of

Exampl e 8 I t4 MR JepL fQra U d SN

DNA represent ed IL%/G §f:a(§ I%%%g%%i ng%%s&?re%%‘ d%'p?qu} I de (%eprei;tgan]f ed
by SEQ I D NO 12meduciyni'Nedissey bYIA" meamirgpearnte kdtthodvsikbbie tfxromat
of Exanple 4, angi@copo, and the concentration of IC was measured by an

enzyme immunoassay Flerizer Clg-CIC, manufactured by
10 Fujirebio Inc. in accordance with a . manual attached

thereto. The results are as shown in Table 8.
Specifically, the GCL2000mMK3P47, using as a 1ligand,
recombinant MK3P47 peptide in which Asp at position 47 of
the C3 peptide was replaced by Pro, and Lys-Lys-Lys- was
15 added to the N-terminus as a functional group for
immobilization to a carrier, showed high adsorbing
capacity with respect to IC and IgG, and the adsorbing
capacity hardly decreased even after subjected to yY-ray
sterilization.
20
Example 14

Immobilization and y-ray
sterilization stability of MK3G56 peptide
25
An adsorbent GCL2000mMK3G56 and an adsorbent
YGCL2000mMK3G56 were obtained in the same way as in
Example 13, except that MK3G56 peptide obtained in
Example 8 was used. The reaction yield of the peptide
30 with respect to a gel was 40%, and the immobilized amount

thereof was 2.5 mg per 1 ml of gel.

The IgG adsorption ratio and the IC adsorption



KAO014 - 40 - PUCNTMK3G56 vect or was
produced by using the DNA and a PUCNT vector. Then, the vector was
transforned into E. coli. The transformant thus obtained was cul tured
(6 L), and the MK3G56 peptide of interest was purified, whereby 5

1.0 g of a high purity sanple was obtai ned.

Exanple 9 Production of a peptide derivative M3-7M peptKala 40
DNA represented by SEQ I D NO 15 encodi 45 MK3-7M pepti de represented
by SEQ ID NO 14 was synthesized by using the nethod simlar to that
of Exanple 4, and a PUCNTMK3- 7M vect or was produced by using the DNA

and a 15 PUCNE t¥@Ct 8. tﬁéemcﬂf@oaﬁ@k@és@a%ﬁr?@&chzrdeﬁﬁcsaE thus
coli. The transformant thus obtai ned was cul tured

MK3- 7M pept i de OPRANE% RT%aRS pEPPYPed? Wi €0 - The8§§r-1?@0(9F“M§3ﬁ5§’h

purity sanpl e wagiolt ades. carg@er recombinant MK3G56 pepﬁiééphﬁ iBich
Producti on of I\/[566 p tide for

SEQ ID NO 17 erdSaiwg MI56 25’35 "gﬁsﬁﬁd ?eﬁ*@seﬂf&ﬁrﬂ}ngéq P%pr Seméﬁ/va

synt hesi zedg by peptlde as a function group for immobilization to a
carrier, exhibited a relatively high adsorption ratio
with respect to IgG and IC. However, the GCL2000mMK3G56
lost most of its adsorbing capacity after being subjected
to a y-ray sterilization treatment.

10
Example 15
Immobilization and y-ray
sterilization stability of MP47K3 peptide
15

An adsorbent GCL2000mMP47K3 and an adsorbent
YGCL2000mMP47K3 were obtained in the same way as in
Example 13, except that MP47K3 peptide obtained in
Example 5 was used. The reaction yield of the peptide

20 with respect to a gel was 42%, and the immobilized amount
thereof was 2.6 mg per 1 ml of gel.

The IgG adsorption ratio and the IC adsorption

ratio of the GCL2000mMP47K3 or ¢yYGCL2000mMP47K3 thus

25 obtained are as shown in Table 8. In the GCL2000mMP47K3,

using as a ligand recombinant MP47K3 peptide in which Asp

at position 47 of the C3 peptide was replaced by Pro, and

Lys-Lys-Lys was added to the C-terminus as a functional

group for immobilization to a carrier, the y-ray

30 sterilization stability of an adsorbing capacity with

respect to IC and IgG substantially improved, compared

with the case where the MK3G56 peptide (comparative
example) was used as a carrier.



using the nethod simlar to that of Exanple 4, and a pUCNTMZ56 vect or
was produced by using the DNA and a PUCNT vector. Then, the vector
was transformed into E. coli. The transformant thus obtai ned was
cultured (6 L), 30 and the M6 peptide of interest was purified,

wher eby 400 ng of a high purity sanple was obtained.

KAO14 - 41 - KAO14
Exanple 11 Drug denaturati @ eurve anal ysis of a peptide 5
First, 1 ng/m of an aqueous sol ution of each pepti de obtained in
Exanples 4 to 8 and Exanple 10 was diluted to 10 [err]g/m by O to 8 M

of a guani di ne hydr ochl ori de sol uté}gg}nré%t 1¥0[err]C), and a fluorescent
intensity at EM 340 nm (excited at EX 278 #) was nea- 10 sured by

F- 2000 type spectrofl uoronmeter nmanufactured by Hitachi, Ltd. The

results are shown in Figures 2 gpdoBilizatiohN&nfll yopggcent intensity (%
was plotted on an ordinate, . and the concentration of guanidine (M

was plotted on an sbeEidizatirp Ftaghidisy P&, MP47 P@P%P?eand [err]

represent & M6 15 pepti de, MK3G56 peptide, and MK3P47 peptide,

WGP T peptide, \MPREE g | SeRpEe SRpbhabE BRI ONPA BTG BY
respectively. Casiesgentdypotstide)nal nokfegules #edgit3of the ewteEludgiwn
nel O o Senat a1 @1 EorOSILLALLEN b B3], 2By, ooBTLAIENS ComA R, @
obt ai ned. lose type porous hard gel so that a total volume became
10 180 ml. Thereafter, 60 ml of 2 M sodium hydroxide was
added to the mixture, and the resultant mixture was
heated to 40°C. Then, 21 ml of epichlorohydrin was added
to the mixture, and the mixture was allowed to react at
40°C for one hour with stirring. After the completion of
15 the reaction, the reaction product was thoroughly washed
with water to obtain an epoxy activated gel.

An adsorbent GC700mMP47 and an adsorbent
YGC700mMP47 were obtained in the same way as in Example
20 13, except that the epoxy activated gel thus obtained and
MP47 peptide obtained in Example 6 were used. The
reaction yield of the peptide was 42%, and the immobi-

lized amount was 2.6 mg per 1 ml of gel.

25 The IgG adsorption ratio and the IC adsorption
ratio of the GC700mMP47 or YGC700mMP47 thus obtained are
as shown in Table 8. In the GC700mMP47, using as a
ligand recombinant peptide MP47 in which Asp at position
47 of the C3 peptide was replaced by Pro, yY-ray steril-

30 ization stability of the IC and IgG adsorbing capacity
substantially improved, compared with the case where
recombinant C3 peptide (MG56) described in Example 18 was
used as a ligand.



Exanpl e 12 25 Measur enment of a thermnal

denaturation point of a peptide MK3Gh6 peptide and MK3P47
pepti de were neasured for a thermal denaturation point by an

adi abatic type 30 differential scanning cal orinmeter DASM 4 (manufactured
by Mashpriborintorg in Russia: Japanese agent, Shinkurikou

Kabushi ki kai sha) with reference to a nethod described in Pr etz 1,

Nucl eic acid, Enzynme, Vol. 33, No. 4-(4988) pp.

KA014 - 42 337-347. The results are
shown in Figures 4 and 5. The heat capacity (Cp J/g.k) was plotted on

an ordi nate, and t he tenperatureE§|§%hL§h7was pl otted on an absci ssa.
As shown in Figures 4 (MK3Gh6) an guré 5 (MK3P47), the 5 t her nmal
denaturation point of the MK3GGE6 peptide was 76. 3[err] C, whereas that

Pro at posi tion 47 in Seo . TRISREHigetiod Bl F@g’%? oves thormal
stability. 10 sterilization stabilgameife MP47C peptide
| mrobi | i zgtion and [err]-ray
An adsorbent GC700mMP47C and an adsorbent
YGC700mMP47C were obtained in the same way as in Example
13, except that the epoxy activated gel obtained in
Example 16 and MP47C peptide obtained in Example 7 were
10 used. The reaction yield of the peptide with respect to
a gel was 64%, and the immobilized amount was 4.0 mg per
1 ml of gel.

The IgG adsorption ratio and the IC adsorption

15 ratio of the GC700mMP47C or YGC700mMP47C thus obtained
are as shown in Table 8. In the GC700mMP47C, using as a
ligand recombinant MP47C peptide in which Asp at position

47 of the C3 peptide was replaced by Pro, and -Cys was

added to the C-terminus as a functional group for

20 immobilization to a carrier, the adsorption ratio with
respect to IC and IgG remarkably improved, compared with

the case where the MG56 corresponding to recombinant C3
peptide was used as a ligand in Example 18 and the case

where MP47 peptide with no -Cys added to the C-terminus

25 was used as a ligand in Example 16. Furthermore, the
adsorbing capacity hardly decreased even after Y-ray

sterilization.



sterilization stability of K3P47 peptide 15 Water was added to
90 m of GCL2000m (produced by Chi sso Corporation, a nolecular wei ght
of the excl usion limt of a globular protein: 3,000,000) which is a
cel lul ose type porous hard gel so that a total volune becanme 180 nml .
Thereafter, 60 mM of 2 M sodi um hydroxi de 20 was added to the m xture,
and the resultant m xture was heated to 40[err]C. Then, 21 nKaofL4

epi chl or ohydrin was added to the 48 xture, and the m xture was al |l owed
to react at 40[err]C for one hour with stirring. After the conpletion
of the reaction, the reaction product was thoroughly washed 25

with water to obtain an epoxy activatsthsgle 18 The epoxy
activated gel was suction-dried (aspi- rated by an aspirator on a
glass filter G3 for 15 m n- utes). One gram of epoxy activated gel
was suspended in 30 2.7 M aimmdBIoradse v fRia (phakp. 0) (8.74 m of 0.1

N aqueous sodi um hydr.oxi de was added to 10 m_of an | aqueous
solution of 0.1 leodiuﬁﬁfﬁ?ﬂdﬁﬁﬁﬁfﬁ‘éﬁﬁﬁﬁﬁfqﬂ of MG?éLQE@ﬁ%ﬁﬁchloride,

and water ®as added to the m xture so

KAO014 -43 - at a total_ volyne ne
20 mM), and 10 ng of MBB47 adsorbp%rin d&CFQQ{BMFE%No alzf‘? was ad8§8°F§Sf‘%e
suspensi on. TheyGC700mMEEEt aetres wiytemisiesh imastled |samel wayr eacinaExdf@péer] C
for 60 hou&g W%’P‘_féeéér e %he €pOoxXy acti%g%eﬁur)&éfatc%]ﬁé"ir@d t ti?x

react ant before and
Example 16 and MG56 peptide obtained in Example 10 were

10 used. The reaction yield of the peptide with respect to
a gel was 64%, and the immobilized amount thereof was 4.0
mg per 1 ml of gel.

The IgG adsorption ratio and the IC adsorption

15 ratio of the GC700mMG56 or YGC700mMG56 thus obtained are

' as shown in Table 8. The GC700mMG56, using as a ligand

MG56 which is a recombinant C3 peptide, exhibited a rela-

tively high adsorption ratio with respect to IC and IgG.

However, the GC700mMG56 lost most of its adsorbing

20 capacity after being subjected to a yY-ray sterilization
treatment.

Example 19

25 Immobilization and yY-ray
sterilization stability of MK3-7M peptide

An adsorbent HW65MK3-7M and an adsorbent

YHWGSMK3-7M were obtained in the same way as in Example

30 13, except that 0.3 g of AF-Torecyl Toyopearl 650 was
suspended in 3 ml of 0.1 M sodium carbonate buffer
containing 0.5 M sodium chloride (pH 9.0) in place of

suspending the above-mentioned epoxy activated gel, 10 mg



the reaction were 2-fold diluted, respectively. Then, 100 [err]l of
a BCA neasurenent reagent (produced by Pierce) was added to each 10
[err]] of the diluted supernatants, then 10 t he supernatants were

i ncubated at 37[err]C for 30 m nutes. Thereafter, the absorbance at
[err] = 550 nm was neasur ed. Cali bration was conducted and the
concentration of the peptide and the inmmobilized anmount thereggabiag
bef ore and after the reaction werg cal cul at ed. As a result, the 15
reaction yield of the peptide with respect to the gel was 34% and
the i mobilized anpbunt thereof was 2.1 ng per 1 m of gel.

The synthetic n h.tRhe tid 2 Lzed.th Qn,_was
washed with a s§$$$%$e%¥ %%%Eﬁ?eogg%aln saPlﬁﬁaT%Q%b?aV “a gé?geﬁ? the
GCL2000mVK3P47. suspension, and ther ttesuidrant syspensifort heasyal hesedeto
adsor bent 0 3 f y S i 25
(25kGy) while Bé’%g Qgﬂgﬁe%GSW%&%gg\%% %%'eékp s[‘ﬁ‘ltlllbrggﬁ i lbr%éarcmg
adsor bent yGilZBGQhQMQ#ﬂvhguprﬁaéa wes[ BV #] -ang the immobilipedtapaunt

(Hereinafter, ag §d§ogb§, t saubjheghedd [err]-ray sterilization wll
be represented Wlat . 8 5 %Th en, 300 [err]l of the human serum
cont ai ni ng 20 [err] g/m of thermally coagul at ed i mmunogl obul i n

conpl exes (herei nghberngd igssHcidh agatdpdghdl Qﬂew@é 2ddedpteoh00
pl of -the adsor bent GCL2000mVK3P47 orM[err GCL2000mVK3P47

KAO14 tio of the HW65MK3r7 HW65MK3-7M thus obtained are

as shown in Table 8. 1In the HW65MK3-7M which comprises

10 a recombinant peptide MK3-7M as a ligand, in which 7
mutations were introduced into the C3 peptide, and Lys-
Lys-Lys~ was added to the N-terminus as a functional
group for immobilization to a carrier, Y-ray steriliza-
tion stability of the IC and IgG adsorbing capacity

15 substantially improved, compared with the MG56 which is
the recombinant C3 peptide described in Example 18.



t hus obtai ned; and the m xture was shaken at 37[err]C for 2 hours. The

supernatant of the serumwas coll ected by centrifugation, and the
concentrations of i mrunogl obulins (hereinafter, referred to as "1gG")
and 1 C were neasured 5 to cal cul ate an adsorption ratio. The
concentration of | gG was neasured by an extracorporeal diagnostic
medi cal product "N-Assay TI A" neasurenent kit avail able fronka0o14
Ni ttobo, and the concentration of |G ve&® 4reasured by an enzyme
i rmunoassay Flerizer Cqg-C C, manufactured by 10 Fujirebio Inc. in
accordance with a manual attached t her et o. The results are as
showmn in Table 8. Speci fi cal l é‘raﬁl'ée 2000mVWK3P47, using as a
| i gand, reconbi nant MK3P47 peptide 1'n ich Asp at position 47 of
the C3 peptide_was replaced by Pro, and Lys-lys-lys- was 15 added to
the _N—ternlnugx% ﬁé f unct ixfua)rpHouUp IE@radsorﬁthEHDb'kbzéabeﬂp%ﬁoﬁ
carrier, showe I adsor bi ng capaCity with respect to | C and |gG
and the adsor bi ng capaci ty hardly dé&&té®séd)even aft dretEjletted to
[err]-rays sterilizatlon 20 Exanpl e 14
| mobi | i zati on"and err sterilizatiron stabiTity, of MK3GE6
peptide 25 Example %QGQQHmMH3%£12000nﬁé3656 and an adsorbent
yGCL2000mVK3GE56 wer e obt ak cgcﬂ,zommﬂm(:ﬁam‘a way g% in Exanpl e38.3,
except that I\/K ep |de 2‘ ﬁ! : %rrpl e 8 was used. e
reaction yield 6?'“?&3 é}épt Fg 5@6’% #f‘?f‘r espect’to a gel was 40%§|—6;nd t he
i mmobi |i zed anount tylber2oDomMK3IGE6 ng per2ll ml of gel. 12
The 19G fgsorp%x mpl % a@%ﬂﬂ%ﬁdﬁﬁﬁggigptlon70 35
YGCL2000mMP47K3 60 30
Example 16 GC700mMP47 60 35
YGC700mMP47 53 35
Example 17 GC700mMP47C a0 65
15 ¥GC700mMP47C 82 60
Example 18 GC700mMG56 65 30
YGC700mMG56 20 10
Example 19 HW65MK3-7M 75 35
YHW65MK3-7M 65 35
20
Example 20
High-pressure vapor sterilization stability of an
25 adsorbent with a peptide derivative immobilized thereon
A part of the adsorbent GC700mMP47C obtained in
Example 17 and a part of the adsorbent GC700mMG56 ob-
tained in Example 18 were each subjected to autoclave
30 sterilization (121°C, 20 minutes) under the condition of

being suspended in a saline. Thus, aGC700mMP47C and
aGC700mMG56 were obtained, respectively. The IgG

adsorption ratio of these adsorbents was calculated by



KAO14 - 45- rati o of the GCL2000mVK3Gh6 or

[ err] GCL2000MVK3G56 thus obt ai ned are as shown in Table 8. The
GCL2000mVK3Gh6, using as a carrier reconbi nant MK3G56 peptide in which
Lys-Lys-Lys- was added to the N-term nus of the C3 5 pepti de as a
function group for imuobilization to a carrier, exhibited a relatively
hi gh adsorption ratio wWth respect to 1gG and I C. However, thexka0i4
GCL2000mMVK3Gh6 | ost nost of its adsswbing capacity after being

subj ect ed to a [err]-ray sterilization treatnment. 10

Exanpl e 15 | mobi lization and [err]-ray

sterilization st Abty gRkH £ E édggrben§h

20 2000mmPaTKs sy Eh8 ACHdE B %%Lzooomv?ﬁﬂ?g ExefPlecag feline
same way as in rESUlE§aﬁﬁﬁesmgwne%§eﬁﬁbﬂﬁa9 MP47K3 peptide obtained in
Exanple 5 was used. The reaction yield of the peptide 20 wth respect to

a gel was 42% and the imopbilized anmnount t hereof was 2.6 per 1 m
of gel. The GEEOMNEIPti oHSLAgi @sand tRgangd aH§GPﬁPiLBﬁnt
ratio of the GCLg Q%Qﬂ&@ﬂﬁm Lar nKEar 088V Kok id$ 0”5 47 OBtfalﬂeed ege
as shown in Table In the 2000nNP47K3 usin

recombi nant MPA7TREPHEFRI HASI KeRIROFIAGY PO, apd sfeis | ?F49g€?dtﬁ8 e3C-
peptide was repl geefliRvsPras andfunctiohi$- lgedupySfeRS iadeast I z4d fifon to

e o 5t R LUELOn) cnnun SR8 Gork TR £0h DA ERL bk

respect to I C and50§% aﬂberamulaiﬁqclmmmbtmtp,amﬂreas tha akisbhrbeoase

where the M3G6:R5BbIHAESEC UMHHdd Cin Exampi8Mle®udBy USELoRB1RaRR" KB -
peptide (MG56) as a ligand completely lost an IgG adsorb-
ing capacity after an autoclave treatment.

Table 9
15
Adsorbent IgG adsorption ratio
(%)
GC700mMG56 65
20 aGC700mMG56 o
GC700mMP47C 90
aGC700MP47C 50
25 INDUSTRIAL APPLICABILITY
By using an adsorbent with a peptide immobilized
thereon of the present invention, immunoglobulins and/or
immunoglobulin complexes can be selectively adsorbed and
30 removed, and IgG; which is not adsorbed by protein A can

be adsorbed and removed. Furthermore, the adsorbent of
the present invention is inexpensive, and can be subject-

ed to an autoclave sterilization treatment due to its



KAO14 - 46 -

Exanpl e 16 | mobilization and [err]-ray
sterilization stability of MP47 peptide 5 Wat er was added to
90 mM of GC700m ( produced by Chi sso Corporation, a nolecular wei ght of
t he excl usion limt of a globular protein: 400,000) which is a cellu-

| ose type porous hard gel so that a total volunme becane 10 180 w014
Thereafter, 60 m of 2 M sodi um hydroexigge was added to the m xture,
and the resultant m xture was heated to 40[err]C. Then, 21 m of

epi chl or ohydrin was added to the mxture, and the m xture was al | owed
Lo neact al | gxodPlait] Ceblbo@N LAy iy Nesth LN Gndall el LpgpeoipLet o
of 15 the reaction he reagtlon orou

with water to oﬁﬁﬁtheémoéﬁoxyhacﬁﬁﬁmm&?n§eDf the present an@mtl@ﬂs@abent
GCr00mvPA47 an%fﬁfclé’xqﬁ%b%sorb ax{p@r ]e%zrgo%@n&@i@bﬁ@&ﬁbnegnﬁ?okhe

sane way as in Exanple except that the_epoxy activated %e t hus
obt ai ned and 1mmuNPQ¥°BEb%Pd%O%B%ﬁﬁﬁédc?@Fi%%ﬁ%Pé‘G pbedysé4uid gygn
reaction v el d gcbhechenkaderhentiLl saBdebbbal B90BI drug rrehiAghtasnunt
was 2.6 ng per 1 g 25 The 1gG adsorption ratio and
the IC adsorptlﬁnSterll ?QFFBnoFr?H§“GfﬁBOHNP47 or [err] GC700m\VPA7 t hus
obt ai ned are as shown in Table 8. In the GC700mMVP47, using as a

| i gand reconbi nant peptide MP47 in which Asp at position



47 of the C3 peptide was replaced by Pro, [err]-ray steril- 30 i zation

stability of the IC and 1gG adsorbing capacity substantially

i nproved, conpared with the case where reconbi nant C3 pepti de (M356)
described in Exanple 18 was used as a ligand.

KA014 47- Exampl e
17 | mobilization and [err]-ray KAQOl4
sterilization stability of MP47C pept .dg35- An adsor bent
GC700mvP47C and an adsor bent [err] GC700mVP47C were obtained in the
sanme way as in Exanple 13, except that the epoxy activated gel
obtained in Exanpl e 16 and MP4 i ihed in Exanple 7 were 10
used. The reaction yield of the peﬁ%@ﬁﬁdﬁ[’%ﬁ\}e&gt to ~a gel was
64% and the immobilized anmobunt was 4.0 ng per 1 m of gel.

The 19G adsorptigg;rzig .and the |1 C adsorption 15 rati o of the.
GC700mvP47C or Fe f 47C t hus obt ai ned are as shown in Table

8. In the GC700SVRVRBCEISIBNGT: 66 amindigabdsr econbi nant MP47C peptide in
which Asp at po§%%h%mcg Ypé?’égiﬁgeag§dpeptide was replaced by Pro, and
added to Phe -

-Cys was termnus as a functional group for 20
i nmobi |'i zati on (TOPPLOEY: ekingde adsorption ratio with respect to IC
and 1gG remar kajot HORIPVeEbE £ £eM th the case where the M¥%6
corresponding to reégﬁg?nant ngaaé ©
FEATURE
OTHER INFORMATION: Xbb represents Val or Ile, Xcc
10 represents Ile or Leu, Xdd represents Lys or Glu, Xee
represents Glu or Ala, Xff represents Ala or Val, and Xgg
represents Val or Glu.
SEQUENCE DESCRIPTIdN: SEQ ID NO: 1:
15 Thr Thr Tyr Lys Leu Xbb Xcc Asn Gly Lys Thr Leu Lys Gly Glu Thr
1 .5 10 15
Thr Thr Xdd Ala Val Asp Ala Xee Thr Ala Glu Lys Xff Phe Lys Gln
20 . 25 30
20
Tyr Ala Asn Asp Asn Gly Val Asp Gly Xgg Trp Thr Tyr Asp Asp Ala
35 40 45
Thr Lys Thr Phe Thr Val Thr Glu
25 50 55

SEQ ID NO: 2

SEQUENCE LENGTH: 57 amino acids
30 SEQUENCE TYPE: amino acid

TOPOLOGY: linear

MOLECULE TYPE: peptide



pepti de was used as a ligand in Exanple 18 and the case where MP47

peptide with no -Cys added to the C-term nus 25 was used as a ligand in
Exanpl e 16. Furthernore, the adsor bi ng capacity hardly decreased
even after [err]-ray sterilization.

KAO14 - 48 -

Exanpl e 18 | mobilization and [err]-ray KAO14
sterilization stability of M356 peptidesp - An adsor bent
GC700nM®bB6 and an adsorbent [err] GC700mMME66 were obtained in the.
same way as in Exanple except that the epoxy activated gel

ised. | The r eaaﬁcﬁﬂﬁ’%e%é%ﬁfﬁﬁ@pt BB BPONSTdhoct 1o 4 gol was
The 1 9G adsor pt 108 T3 KB LKS ' Rkl foh b Lys TR B 14 v "1l

GC700mMMEHL6 or [err]GC?OOnNEBG 5hus obt ai ned arqp as shown iy Tabl e 8.
The GC700mM66, u5|ng as a ligand M6 which is a reconblnant C3

pepti de, h' b' R Tﬁrl_giral‘.ys Ala Vé%%u@&%% AL 1QaVP Lygopec!

to IC and wever | ost nost o Its a sor |ng 20
capacity after bei ng subjegeed to a [err]-ray sterlllzatlon 30 -
treat nent.

Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp Asp
35 40 45
Ala Thr Lys Thr Phe Thr Val Thr Glu

50 55
SEQ ID NO: 3
SEQUENCE LENGTH: 56 amino acids
15 SEQUENCE TYPE: amino acid
TOPOLOGY: linear
MOLECULE TYPE: peptide

10

FEATURE
OTHER INFORMATION: Xbb represents Val or Ile, Xcc
20 represents Ile or Leu, Xdd represents Lys or Glu, Xee

represents Glu or Ala, Xff represents Ala or Val, Xgg
represents Val or Glu, and Xhh represents Lys or Gly.
SEQUENCE DESCRIPTION: SEQ ID NO: 3:
25 Thr Thr Tyr Lys Leu Xbb Xcc Asn Gly Lys Thr Leu Lys Gly Glu Thr
1 5 10 15
-'Thr‘Thf Xdd Ala Val Asp Ala Xeé.Thr Ala Glu Lys Xff Phe Lys Gln
20 25 30
Tyr Ala Asn Asp Asn Gly Val Asp Gly Xgg Trp Thr Tyr Asp Pro Ala.
35 40 45
Thr Xbh Thr Phe Thr Val Thr Glu

50 55

30



Exanpl e 19 25 | mobi lization and [err]-ray
sterilization stability of M3-7M peptide An adsor bent
HW5MK3- 7M and an adsorbent yHW5MK3- 7M wer e obt ai ned in the sane
way as in Exanple 30 13, except that 0.3 g of AF-Torecyl Toyopearl 650
was suspended in 3 mM of 0.1 M sodium carbonate buffer

containing 0.5 M sodiumchloride (pH 9.0) in place of suspendi ggoihe
above-nentioned epoxy activated gel, 10 gy .

KA014 - 49- of MK3-7M pepti de obtai ned
Exanpl e 9 was added to the suspensi on, and the resultant suspension
was allowed to react at 40[err]C for 60 hours with stirring. The
reaction yiéﬁ@ I NP ptide was 57% and the imobilized anount 5
was 3.6 ng per 1gHQUeiNCGIRILENGTH: 60 amino ddids gG adsorption ratio and th
| C adsorption ratio of the HMSMK3:- 7M or yHWS5MK3-7M t hus obt ai ned
are as shoRFQUFNER WRE: 3P MK3- 7M whi ch conprises 10 a
reconbi nant pept iTdPOWRY-M laisnesad | gand, in which 7 mut ati ons were

i ntroduced into e, and lLys- Lys-Lys- was added to the
N-term nus ds a #Eﬁ@%ﬁgﬁgﬁwﬁ¥i p%ﬁ?ﬁ%éfor i mmobi lization to a carrier
[err]-ray steril IFEATURE tion stability of the I1C and |1gG adsorbing

capacity 15 fﬂéﬁﬁ&gﬁééﬂéé@&ﬁggfwgﬁ: ggapfﬁegoyjap the M6 which is
¥et Lys Lys Lys Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu

10 1 5 . 10 15

Lys Gly Glu Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys

20 25 _ 30

Ala Phe Lys Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr
15 35 40 ' 45

Tyr Asﬁ Pro Ala Thr Lys Thr Phe Thr Val Thr Glu

. 50 95 ' 60
SEQ ID NO: 5

20 SEQUENCE LENGTH: 190 base pairs

SEQUENCE TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA
25 SEQUENCE DESCRIPTION: SEQ ID NO: 5:

CATATGAAAA AGAAGACCAC CTATAAACTG GTTATCAACG GTAAAACCCT GAAAGGTGAA

ACCACCACCA AGGCTGTTGA CGCTGAAACC GCTGAAAAAG CATTTAAACA GTATGCTAAC

%0 GACAACGGTG TCGACGGTGT TTGGACCTAT GACCCCGCTA CCAAAACCTT TACCGTTACC

GAATAAGCTT

n

e

60
120

180
180



t he reconbi nant C3 peptide described in Exanple 18.

KA014 - 50 -

Table 8 Exanpl e Adsor bent | gG adsorption | C adsorption
ratio (% ratio (% 5 Exanpl e 13 GCL2000mVK3P47 85
35 [ err] GCL2000mVK3P47 75 35

Exanpl e 14 (GCL2000mVK3GE6 70 30 :

[ err] GCL2000mMVK3G56 21 - 5§2_10 Exanpl e 15 G£12006%8&37K3
70 35 Ferr]GCLZOOOnNP47K3 60

30 Exanpl e 16 GC700nvP47 60 35

[ err] GC700NVP47 53 35 Exanpl e 17 GC700mvP47C
90 SEQsg Dy 3i0: 6 [ err] GC700nMVP47C 82

60 Exanpl sEUENSE GBNGFH: 60 amino &&ids 30
%grr]GiVOOnNEBGSEgﬁgNCE %%%E: amino a9;%g5NK3_7Nannple 1965HMB5NK3 ™
35 20

10

15

20

25

30

TOPOLOGY: ' linear Exanpl e 20
MOLECULE TYPE: peptide
SEQUENCE DESCRIPTION: SEQ ID NO: 6:

¥et Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Gly Glu
1 5 10 15
Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys Ala Phe Lys
20 25 30
Gln Tyr Ala Asn Asp Asn Gly Val Asp_Gly Yal Trp Thr Tyr Asp Pro
35 40 45
Ala Thr Lys Thr Phe Thr Val Thr Glu ﬂys Lys Lys

50 95 60

SEQ ID NO: 7

SEQUENCE LENGTH: 190 base pairs

SEQUENCE TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear _
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 7:

CATATGACCA CCTATAAACT GCTTATCAAC GGTAAAACCC TGAAAGGTGA AACCACCACC

-AAGGCTGTTG ACGCTGAAAC CGCTGAAAAA GCATTTAAAC AGTATGCTAA CGACAACGGT

GTCGACGGTG TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGTTAC CGAAAAAAAG
AAGTAAGCTT

60

120
180

190



H gh- pressure vapor sterilization stability of an 25 adsorbent wth a

peptide derivative immobilized thereon A part of the

adsor bent GC700mvP47C obtained in Exanple 17 and a part of the

adsor bent GC700mM66 ob- tained in Exanple 18 were each subjected to
aut ocl ave 30 sterilization (121[err]C, 20 m nutes) under the condition
of bei ng suspended in a saline. Thus, aGC700mvwP47C and KAO14
aGC700nMx®6 were obtained, respectivay .- The 119G adsor ption
rati o of these adsorbents was cal cul ated by ,

KA014 - 51 - ~using the method simlar to

t hat of Exanple 1p WS- results are shown in Table 9.
The GC700mvP47, usl ng as a.?igand reconbi nant 5 pepti de MP47C in which

Asp at position SFOURNGRLENGTH: SPepmide aasdeepl aced by Pro, and -Cys was

added to a G @s émi gchi9Ral group for inmobilization to
carriers, exhlblteé}a ver %5 ésorptlon ratio (509% after an

aut ocl ave treatﬂ&WOLQﬁﬁ?ébgn@ﬂé adsorbent 10 GC700MMVG56 obt ai ned in

Exanpl e 185y5|ngM5ﬁgéﬁﬁgr@q@E CBpeptideleptide (M%6) as a ligand conpletely

| ost an 1gG adsor [ 8a0|ty after an autocl ave treatnent.
Table 9 15 EQUENCE/EE%&% ION:" SEQ ID NO: BgG adsorption ratio

¥et Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Gly Glu

1 5 10 15
10 Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys Ala Phe Lys
' 20 25 30
Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp fro
35 “ 40 5
'S Ala Thr Lys Thr Phe Thr Val Thr Glu
50 55

SEQ ID NO: 9
SEQUENCE LENGTH: 181 base pairs
20 SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: lineax
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 9:
25
CATATGACCA CCTATAAACT GGTTATCAAC GGTAAAACCC TGAAAGGTGA AACCACCACC
_ AAGGCTGTTG ACGCTGAAAC CGCTGAAAAA GCATTTAAAC AGTATGCTAA CGACAACGGT

GTCGACGGIG TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGTTAC CGAATAAGCT

30 I

60
120
180
181



(9 GC700MMH6 65 20

aGC700NMH6 0 GC700mvP47C
90 aGC700MP47C 50 25
| NDUSTRI AL APPLI CABI LI TY By using an adsorbent with a
pepti de i nobilized t hereon of the present invention, imunoglobulins
and/ or I mmunogl obul i n conpl exes can be sel ectively adsorbed axbi30
renoved, and 1gG3 which is not adsorhedsgy. protein A can be adsor bed
and renoved. Furthernore, the adsorbent of the present invention is
I nexpensi ve, and can be subject- ed to an autocl ave sterilization
treatnment due to_its .
KA014 SEQ ID NO: 10 - 52 - excel | ent storage stability
such as ther nal sgbehNCEt LENGTH: F&8t harimar ecitise adsor bent of the present
i nvention can efficign%hy adsorb and renove i munogl obul i ns and/ or
I mmunogl obul i n §§9HF§9§S COftt aPEES F¢He body fluid even 5 after the
adsorbent is subppectedytkolaneang treatment and a sterilization
treatnEnt'S MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO: 10:

¥et Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Gly Glu

1 ' 5 10 15
10 Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys Ala Phe Lys
20 % 30
Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp Pro
35 40 45
1> \la Thr Lys Thr Phe Thr Val Thr Glu Cys
50 : 55

SEQ ID NO: 11
SEQUENCE LENGTH: 184 base pairs
20 SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 11:
25 :
CATATGACCA CCTATAAACT GGTTATCAAC GGTAAAACCC TGAAAGGTGA AACCACCACC 60
AAGGCTGTTG ACGCTGAAAC CGCTGAAAAA GCATTTAAAC AGTATGCTAA CGACAACGGT 120
GTCGACGGTG TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGTTAC CGAATGCTAA 180

ap OCIT 184



KA014

SEQUENCE LI STI NG

-53-
SEQID NO 1

SEQUENCE LENGTH. 56 am no aci ds

5 SEQUENCE TYPE: anmino acid TOPOLOGY: |inear MOLECULE TYPE:
pepti de FEATURE OTHER | NFORMATI ON: Xbb represents Val or
Ile, Xcc 10 represents Ile or Leu, Xdd represents Lys or 3 u, Xee
represents Gu or Ala, Xff represents Ala or Val, and Xgg re ts
Val or du. SEQUENCE DESCRI PTION:_ SEQ I D NGO 1: 15 Thr ?%% yr
Lys Leu Xbb Xcc Asn Ay Lys Thr Leu L’ys5 Yy Gu Thr 1

5 10 15 Thr Thr Xdd Ala Val Asp Al a
Xee Thr Ala Qu Lys Xff Phe Lys dn 20 25
30 20 TyrsphaiBAsNOAsp2Asn Gy Val Asp Gy Xgg Trp Thr Tyr Asp Asp Ala
2 o5 sgolfincE LENGTH: 60 hino acigH'M Lys Thr Phe Thr Val Thr

10

15

20

25

30

SEQUENCE TYPE: amino acid

TOPOLOGY: linear

MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO: 12:

Met Lys Lys Lys Thr Thr Tyr Lys Leu Vgl Ile Asn Gly Lys Thr Leu
1 5 10 - 15
Lys Gly Glu Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys
20 25 30
Ala Phe Lys Glo Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr
35 40 5
Tyr Asp Asp Ala Thr Lys Thr Phe Thr Val Thr Glu

50 55 60
SEQ ID NO: 13
SEQUENCE LENGTH: 190 base pairs
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 13:

CATATGAAAA AGAAGACCAC CTATAAACIG GTTATCAACG GTAAAACCCT GAAAGGTGAA-..

. ACCACCACCA AGGCTGTTGA CGCTGAAACC GCTGAAAAAG CATTTAAACA GTATGCTAAC

GACAACGGTG TCGACGGTGT TTGGACCTAT GACGACGCTA CCAAAACCTT TACCGITACC
GAATAAGCTT

. 60

120
180
150



SEQ I D NO 2 SEQUENCE LENGTH: 57 ami no acids 30 SEQUENCE TYPE:

am no acid TOPOLOGY: |i near MOLECULE TYPE: peptide

KAO14 - 54- SEQUENCE DESCRI PTI ON:  SEQ
I D NO 2: Cys Thr Thr Tyr Lys Leu Val Ile Asn Gy Lys Thr Leu Lys
Ay Qu 1 5 10 15 5
Thr Thr Thr Lys Ala Val Asp Ala Qu Thr Ala Qu Lys Ala Phe Lys

20 25 30 Adn Tyr Ala Asn AsKMEf dy
Val Asp Gy Val Trp Thr Tyr Asp Asp — 60 - 35 40

45 10 Ala Thr Lys Thr Phe Thr Val Thr GQu 50

55 SEQ ID NO 3 SEQUENCE LENGTH: 56 ami no acids 15 SEQUENCE
TYPE: amino acisEQ ID NOOPOLOGY: |inear MOLECULE TYPE: peptide

FEATURE MATLON:. .Xbb _represents Val or Ile, Xcc 20
represents Ile %ngéﬁﬁﬁ}géﬁgigkrééeﬁpgnfy?cé A u, Xee represents
A u or Al a, XffSEQUENCENTYPEEaamindalaciXgg
TOPOLOGY: linear
5 MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO: 14:

Yet Lys Lys Lys Thr Thr Tyr Lys Leu Ile Leu Asn Gly Lys Thr Leu

1 5 10 15
10 Lys Gly Glu Thr Thr Thr Lys Ala Vai Asp Ala Ala Thr Ala Glu Lys
20 25 30
Val Phe Lys Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Glu Trp Thr.
35 40 | 45
15 Tyr Asp Pro Ala Thr Lys Thr Phe Thr Val Thr Glu
50 - 55 - 60

SEQ ID NO: 15
SEQUENCE LENGTH: 190 base pairs
20 SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 15:

25 :
CATATGAAAA AGAAGACCAC CTATAAACTG ATCCTGAACG GTAAAACCAT AAAAGGTGAA 60

- ACCACCACCG GAGCTGTTGA CGCTGCTACC GCTGAAAAAG TTTTTAAACA GTATGCTAAC 120
GACAACGGTG TCGACGGTGA ATGGACCTAT GACGACGCTA CCAAAACCIT TACCGTTACC 180
30 GAATAAGCTT 190



represents Val or du, and Xhh represents Lys or Qy. SEQUENCE
DESCRIPTION. SEQ ID NO 3: 25 Thr Thr Tyr Lys Leu Xbb Xcc Asn Ay Lys
5

Thr Leu Lys Gy G u Thr 1 10

15 Thr Thr Xdd Ala Val Asp Ala Xee Thr Ala G u Lys Xff Phe Lys G n
20 25 30 30 Tyr Ala Asn Asp Asn @y Val
Asp Gy Xgg Trp Thr Tyr Asp Pro Al a. 35 KA01440
45 Thr Xhh Thr Phe Thr Val Thr élsu_ 50 . 55
KA014 -55- SEQ ID NO 4

SEQUENCE LENGTH: 60 ami no aci ds SEQUENCE type: am no acid

TOPOLOGY: |inear 5 MOLECULE TYPE: peptide FEATURE SEQUENCE
DESCRI PTI ON:  SEED | ID N@P: 416 Met Lys Lys Lys Thr Thr Tyr Lys Leu Val

15 Lys C?%/d- I&éﬁhr I#ﬁr Thr Lf}xsnl oa \%{I Asp Ala Au Thr Ala Gu Lys
SEQUENCE TYPE: amino acid
TOPOLOGY: linear
5 MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO: 16:

¥et Thr Thr Tyr Lys Leu Val Ile Asn Gly Lys Thr Leu Lys Gly Glu

1 5 10 15
10 Thr Thr Thr Lys Ala Val Asp Ala Glu Thr Ala Glu Lys Ala Phe Lys
20 25 30

Gln Tyr Ala Asn Asp Asn Gly Val Asp Gly Val Trp Thr Tyr Asp Asp
15 35 40 45

Ala Thr Lys Thr Phe Thr Val Thr Glu

50 55

20 SEQ ID NO: 17

SEQUENCE LENGTH: 181 base pairs
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: -linear
25 MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: SEQ ID NO: 17:

CATATGACCA CCTATAAACT GGTTATCAAC GGTAAAACCC TGAAAGGTGA AACCACCACC 60
AAGGCTGTTG ACGCTGAAAC CGCTGAAAAA GCATTTAAAC AGTATGCTAA CGACAACGGT 120
30 GTCGACGGTG TTTGGACCTA TGACGACGCT ACCAAAACCT TTACCGTTAC CGAATAAGCT 180

T ' 181



20 25 30 Al a Phe Lys G

Asp Asn Ay Val Asp Gy Val Trp Thr 15 35 Hmm IIImﬁ!m" I
45 Tyr Asp Pro Ala Thr Lys Thr Phe Thr Val Thr Qu £ ¢ L s
55 60 SEQ ID NGO 5 20 SEQUENCE LENGTH:. 190 base

pairs SEQUENCE TYPE: nucleic acid STRANDEDNESS: doubl e

TOPOLOGY: | i near MOLECULE TYPE: gther nucl ei ¢ acid, synt het¥&0HkA 25
SEQUENCE DESCRI PTION: SEQ ID NO 5: ~ 62 - CATATGAAAA AGAAGACCAC

CTATAAACTG GITATCAACG GTAAAACCCT GAAAGGTGAA 60 ACCACCACCA

AGGCTGTTGA CGCTGAAACC GCTGAAAAAG CATTTAAACA GTATGCTAAC 120 GACAACGGT G

TCGACGGTGT TTGGACCTAT GACCCCGCTA CCAAAACIAIMBACCGTTACC 180
GAATAACCTT 190

KA014 - 56 - SEQ ID NO 6
SEQUENCE LENGTH:- ém apdsorkends for adsoxleNGF TivmEncgiobubing and/or

TOPALOGY: i nedmmunoglobulin complexes, wherein a peptide capable of

5 adsorbing the immunoglobulins and/or the immunoglobulin
complexes is immobilized onto a water-insoluble carrier,
and the peptide has one or two amino acid segquence
selected from amino acid sequences represented by SEQ ID
NO: 1 of Sequence Listing.

10
2. An adsorbent for adsorbing immunoglobulins and/or
immunoglobulin complexes, wherein a peptide derivative is -
immobilized onto a water-insoluble carrier, and the
peptide derivative includes at least one of deletion,

15 substitution, insertion, or addition of an amino acid
with respect to the amino acid sequences represented by
SEQ ID NO: 1 of Sequence Listing, and is capable of
adsorbing immunoglobulins and/or immunoglobulin com-
plexes.

20
3. An adsorbent according to claim 2, wherein at least
one of properties of thermal stability, drug stability,
Y-ray sterilization stability, and high~pressure vapor
sterilization stability of the peptide derivative is

25 improved over that of a peptide having the amino acid
sequence represented by SEQ ID NO: 1.

4. An adsorbent according to claim 2 or 3, wherein the

‘peptide derivative includes an amino acid seqguence repre-
30 sented by SEQ ID NO: 3.

5. An adsorbent according to any one of claims 1 to 4,

wherein (Lys)n or (Cys)m is added to the amino terminus



5 MOLECULE TYPE: pepti de SEQUENCE DESCRI PTI ON:  SEQ
Met Thr Thr Tyr Lys Leu Val Ile Asn Ay Lys Thr Leu Lys Gylm ||

T

5 10 15 10 Thr Thr Thr Lys Al atVat ASp
Ala Au Thr Ala Gu Lys Ala Phe Lys 20

30 G@n Tyr Ala Asn Asp Asn Gy Val Asp Ay Val Trp Thr Tyr Asp Pro
35 40 45 15 Ala Thr Lys Thr Ph&AH4 val
Thr Qu Lys Lys Lys 50 - 63 - 55 60
SEQ ID NGO 7 SEQUENCE LENGTH: 190 base pairs 20 SEQUENCE TYPE:
nucleic acid STRANDEDNESS: doubl e TOPOLOGY: |inear

DESCRI PTI O SEO LD.NOL 1 h S CCTAT AT CLTTATEAAC
GGTARAACCC. TCARREITER AREAXERAUE, WREFELn B SnAARErer HECRBAEFGRAN O
CCCTGAAAAA GCAFTTAAAC AGTATGCTAA CGACAACGGT 120 GTCGACGGTG
TTTGGACCTA TGACCCCGCT ACCAAAACCT TTACCGTITAC CGAAAAAAAG 180 30
AAGTAAGCTT 190
KA014 5 6. An adsorbent according to any one of claim 1 to 5,

wherein the peptide or the peptide derivative consists of

an amino acid sequence of 70 amino acids or less.

7. An adsorbent according to any one of claims 1 to 6,
10 wherein the adsorbent is subjected to high-pressure vapor

sterilization.

8. An adsorbent according to any one of claims 1 to 6,
wherein the adsorbent is subjected to y-ray steriliza-
15 tion.

9. An adsorbent according to any one of claims 1 to 6,

wherein the water-insoluble carrier is porous.

20 10. An adsorbent according to any one of claims 1 to 6,

wherein the water-insoluble carrier is hydrophilic.

11. An adsorbent according to claim 9 or 10, wherein the
molecular weight of the exclusion limit of the water-

25 insoluble carrier is in the range of 150,000 to
5,000, 000.

" 12. An adsorbent according to any one of claims 1 to 11,
wherein the adsorbent is used for adsorbing and removing

30 immunoglobulins and/or immunoglobulin complexes present
in the blood, plasma, or other body fluids obtained from

a living organism.



-957- SEQ ID NGO 8 SEQUENCE LENGTH: 57 am no aci

SEQJ_ENCE TYPE: am no acid TOPOLOGY: |inear 5 I\/D_ECULEQIWE”IM““ “m “ l“‘

pepti de SEQUENCE DESCRI PTION: SEQ I D NGO 8:

Lys Leu Val Ile Asn Ay Lys Thr Leu Lys Ay GQu

10 15 10 Thr Thr Thr Lys Al a Val Asp AI a Gu Thr Al a
G u Lys Ala Phe Lys 20 25 KAaQ14

30 An Tyr Ala Asn Asp Asn Gry®%at Asp Ay Val Trp Thr Tyr Asp Pro
35 40 45 15 Ala Thr Lys Thr Phe Thr Val
Thr Qu 50 55 SEQ ID NO 9

SEQUENCE LENGTH3.181 Mdoafcsls 8@sorb§E@JEN@Er€£h{BEmguq&xﬁixﬁuo@mdtulms

STRANDEDNESS: do e | i near TYP ot her
nucl ei ¢ aci d, sﬂf‘%{b |’d“ng°b % ?J‘Escﬁ?ﬁ?Fbﬁng%hFDSEGP Q’fe

CATATGACCA CCT. mwamm&mmw Gy BaeARECEDA ANCAAGCACGA 1ntﬁﬂ

GrOSAGRTS TITEALCHE TR REA MR ATICSFB B Ho 30

T immunoglobulin complexes

14. A device for adsorbing and removing immunoglobulins
and/or immunoglobulin complexes, the adsorbent of any one
of claims 1 to 11 is accommodated in a vessel having an
10 inlet and an outlet for a solution, and the device
comprises effluent preventing means for preventing the

adsorbent from flowing out of the vessel.

15. A method according to claim 13, wherein the solution

15 containing immunoglobulins and/or immunoglobulin complex-
es is the blood, plasma, or other body fluids obtained
from a living organism.



- 58 - SEQ ID NGO 10 SEQUENCE LENGTH:. 58 am no aci ds

SEQUENCE TYPE: ami no acid TOPOLOGY: linear 5 MOLECULE TYPE:

pepti de SEQUENCE DESCRI PTION: SEQ I D NO 10: Met Thr Thr Tyr
Lys Leu Val Ile Asn Ay Lys Thr Leu Lys Ay GQu 1 5
10 15 10 Thr Thr Thr Lys Ala Val Asp Ala GQu Thr Al a
A u Lys Ala Phe Lys 20 25 KAOQ14
30 An Tyr Ala Asn Asp Asn Ay ®al-Asp Ay Val Trp Thr Tyr Asp Pro
35 40 45 Ala Thr Lys Thr Phe Thr Val
Thr G u Cys 50 55 SEQ ID NO 11

SEQUENCE LENGTH:. 184 base pairs 20 GG TYPE: nucleic acid
STRANDEDNESS: doubl e TOPOLOGY: | i near MOLECULE TYPE: ot her
nucl eic acid, synthetic DNA SEQUENCE DESCRI PTION: SEQ ID NO 11: 25

CATATGACCA CCTATAAACT Gial BAEcANe nsCIAMAACHH i HARACCHO MAARAGEFG ty 16D
AAGCTGTTG A%%%nﬁm%ﬁIllﬂg gLATcCg-nrﬁaf\e% C%ﬁgg;ce%f ; ZI.iZSO
5 extremely reduced in the lowering of the adsorption
characteristic during sterilization or storage, is highly
stable and safe, and is prepared by immobilizing on a
water-insoluble support either a peptide derivative which
has undergone at least one of the deletion, substitution,
10 insertion, or addition of amino acids in a peptide having
a specified amino acid sequence or an amino acid se-
quence, or the above peptide derivative which has under-
gone the addition of Lyn or Cys at the amino and/oxr
carboxyl terminal thereof; a device for adsorption and
15 removal made by packing the adsorbent in a vessel
equipped with effluent preventing means; and a method of
adsorbing and removing immunoglobulins and/or complexes
thereof contained in the blood, plasma or other body

fluids with the adsorbent.



GTCGACGGTG TTTGGACCTA TGACCCOGCT ACCAAAACCT TTACCGTTAC CGAATGCTAA 180 30

GCTT 184
KAO14 - 59 SEQ ID NO 12
SEQUENCE LENGTH:. 60 ami no aci ds SEQUENCE TYPE: ami no acid .
TOPOLOGY: |inear 5 MOLECULE TYPE: peptide SEQUENCE DESCRI PTI ON:
SEQ ID NGO 12: Met Lys Lys Lys Thr Thr Tyr Lys Leu Val Ile Asn Ay
Lys Thr Leu 1 5 10 15
10 Lys Ay @u Thr Thr Thr Lys Ala Val Asp Ala Gu Thr Ala Au Lys
20 25 30 Ala Phe Lys @ n Tyr Ala Asn
Asp Asn Ay Val Asp Ay Val Trp Thr 35 40
45 15 Tyr Asp Asp Ala Thr Lys Thr Phe Thr Val Thr du - 50
55 60 SEQ ID NO 13 SEQUENCE LENGTH: 190 base
pairs 20 SEQJE%GT@YP’E: nucl eic acid STRANDEDNESS: doubl e

Ndel (3)  5p7 (89)

MK3P47

Accl (132)
Hindlll (186)

1/1



TOPOLOGY: | i near MOLECULE TYPE: ot her nucleic acid, synthetic DNA
SEQUENCE DESCRI PTION: SEQ ID NO 13: 25  CATATGAAAA AGAAGACCAC CTATAAACTG
GTTATCAACG GTAAAACCCT GAAAGGTGAA 60 " ACCACCACCA AGGCTGITGA CGCTGAAACC
GCTGAAAAAG CATTTAAACA GTATGCTAAC 120 GACAACGGTG TCGACGGTGT
TTGGACCTAT GACGACGCTA CCAAAACCTT TACCGITACC 180 30  GAATAACGCTT

190

KA014 - 60 - SEQ ID NO 14

SEQUENCE LENGTHAYQAnbho aci ds SEQUENCE TYPE: anino acid

TOPOLOGY: | i near ECULE TYPE: peptide SEQUENCE DESCRI PTI ON:

SEQ ID NO 14: 100 Lvs Lvs Lvs Thr Thr Tyr Lvs Leu IIe Leu Asn Gy
Lys Thr Leu QL S o) : 1 : 15

10 Lys Ay Qu Thr sAIaVaI AspAIaAIaThrAIaGIuLy
20 25 2\ ) i i Val PPhé Lys GI n: Tyr Al a Asn
Asp Asn Gy Val Asp &y 4 & ' § S 351 1 b 40
45 90¢---: e P d b b D b
oo - —O—MGSG L
—o— MK3G56| :

§§§§+MK347§§
80 ..... ..... ..... ...... T : P ..... .....

12}

(O] SR S VS S S
60
50 ..... ..... ..... ...... ..... ..... ..... .....

40

Fluorescent intensity (%)

30 ..... ..... ..... ...... ..... ..... ..... .....
20 ..... ...... ..... e

1 T A

0325355553533553
0 051152253354455556¢657758

Concentration of ganidine (M)
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15 Tyr Asp Pro Ala Thr Lys Thr Phe Thr Val Thr Qu 50

55 60 SEQ ID NO 15 SEQUENCE LENGTH: 190 base
pairs 20 SEQUENCE TYPE: nucleic acid STRANDEDNESS: doubl e
TOPOLOGY: |inear MOLECULE TYPE: ot her nucleic acid, synthetic DNA
SEQUENCE DESCRI PTION: SEQ I D NO 15: 25 CATATGAAAA AGAAGACCAC
CTATAAACTG ATCCTGAACG GTAAAACCAT AAAAGGTGAA 60 ACCACCACCG
GAGCTGITCGA m GAAAAAG TTTTTAAACA GTATGCTAAC 120
GACAACGGTG T TGGACCTAT GACGACGCTA CCAAAACCTT TACCGITACC 180 30
GAATAAGCTT 190
KAO014 120 T - bl : . : SEQID NO: IB
SEQUENCE LENGTH: 57 4mi ho aci ds P ’SEQJENCE.TYI?E i ami noi acid |
TOPOLOGY: linear 5 I\/EJ_ECULE TYPE: peptide : SEQJENCE DESCRI HTI ON:
SEQ I D NO 16: IVEt Thf Thr Tyr Lys Leu VaI ke Asn Gly Lys Thr Leu
LySGyGU 1 : § : :5: : : : i 19 : : 15 10
M . M . . . H : H _o_ MK3P47 ;
—o—MPA7KS |
—o— MP47
—»— MP47C

B s T T . L L LT T TP P

Fluorescent intensity (%)

005 115 2 25 335 4 45 5 55 6 65 7 75 8

Concentration of gquanidine (M)
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Thr Thr Thr Lys Ala Val Asp Ala Gu Thr Ala GQu Lys Al a Phe Lys

20 25 30 A@n Tyr Ala Asn Asp Asn Ay
Val Asp Ay Val Trp Thr Tyr Asp Asp 15 35 40
45 Ala Thr Lys Thr Phe Thr Val Thr Qu 50

55 20 SEQ ID NO 17 SEQUENCE LENGTH:. 181 base pairs

SEQUENCE TYPE: nucleic acid STRANDEDNESS: doubl e TOPOLOGY:

| i near 25 MOLECULE TYPE: ot her nucleic acid, synthetic DNA

SEQUENCE DESCRI PTION: SEQ ID NO 17: CATATGACCA CCTATAAACT
GGITATCAAC GGTAAAACCC TGAAAGGTGA AACCACCACC 60 AAGCCTGITG

ACGCTGAAAC Cecwm@ CGACAACGGL 120 30
GICGACGGTG TTT A TGACGACGCT ACCAAAACCT TTACCGTTAC CGAATAAGCT| 180
T : : : 11

KA014 i 62 -
CLAI M5

Temperature (C)

o i
o w0 - o
c|> -—
]

1.5
1

(W6/p do) Ayoodoo ypey

FIG.4
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1. An adsorbent for adsorbing inmunogl obulins and/or i mmunogl obul i n
conpl exes, wherein a peptide capable of 5 adsor bi ng t he i mmunogl obul i ns
and/ or the inmunogl obulin conpl exes is inmobilized onto a

wat er -i nsol ubl e carrier, and the peptide has one or two am no acid
sequence sel ected fromam no acid sequences represented by SEQ ID
NGO 1 of Sequence Listing. 10 2. An adsorbent for adsorbing

i mmunogl obul i ns and/ or i mmunogl obul i n conpl exes, wherein a peptide
derivative is i rmobi i zed onto a water-insoluble carrier, and the
pepti de derivative includes at |east one of deletion, 15 substitution,
insertion, or addition of an am no a¢id with respect to the am no
aci d sequences refresented by SBEQ D NO—tofrSequence—=s++HNg, and
i s capabl e of adsorblng |nnikoglobulans and/ gr i mmunpgl obulin com
pl exes. 20 3. An adsor bent cording: to claiip 2, wherein at |east
one of properties|of therrnal stabifity, driug stab|[|ty [err]-ray
sterilization stability, and hi gh-jpr essur e: vapor : sterilizatiopn

stability of the j
pepti de havi ng t he
4. An adsorbent ad
derivative incl udg
NO 3. 5.
wherein (Lys)n or

b ani no acid
kS an ani:ino aci d
An adsoribent acc
(Cys) miis added

eptide derivative is 25 i
sequence repre
-0f-- 3y wher-eb-nf-the.... Beeens pept.i.fe
SEqUENce: r epr e-
ording to any

ed overithat of |a

i mpr o\
$ented by SEQ | D|NOG 1.

30 sented by $EQ I D
e of clalns 1 to}4,

Temperature (°C)

()
o

i
ok
T

FIG.5

(W6/p do) Auopdoo ypay
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KA014 - 63 - and/ or the carboxyl term nus

of the peptide or the pepti de derivative, wherein n and mare integers
of 0to 9. 5 6. An adsorbent according to any one of claiml to
5, wherein the peptide or the peptide derivative consists of an
am no aci d sequence of 70 am no acids or |ess. 7. An adsor bent
according to any one of clains 1 to 6, 10 wherein the adsorbent is
subj ected to hi gh-pressure vapor sterilization. 8. An
adsor bent according to any one of clains 1 to 6, wherein the
adsorbent is subjected to [err]-ray steriliza- 15 tion. 9. An
adsor bent according to any one of clains 1 to 6, wherei n the
wat er -i nsol ubl e carrier is porous. 20 10. An adsorbent according to
any one of clainms 1 to 6, wherein the water-insoluble carrier is
hydr ophi lic. 11. An adsorbent according to claim9 or 10, wherein
t he nnlezp{ Lght of the exclusion limt of the water- 25
i nsol uble car e?izi in the range of 150,000 t 5, 000, 000.
12. An adsorbent according to angaggg,e+'1#§;££;;£’Lg/i wherein the
adsorbent is. used for adsorbing renovin I munogl obul i ns and/ or
I mmunogl obul i n conpl exes pres in the blood, plasnma, or other body
fluids obtained from a /i or gani sm
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KA014 - 64 - 13. A method for adsorbing

and renovi ng i munogl obul i ns and/ or i nmmunogl obul i n conpl exes,
conprising the step of bri ngi ng the adsorbent of any one of clains 1
to 11 into contact with a solution containing inmunogl obulins and/or 5
i mmunogl obul i n conpl exes. 14. A device for adsorbing and renoving
i mmunogl obul i ns and/ or i nmunogl obul i n conpl exes, the adsorbent of any
one of clainmse 1 to 11 is acconmpdated in a vessel having an 10
inlet and an outlet for a solution, and the device conpri ses
ef fl uent preventing nmeans for preventing the adsorbent from fl ow ng
out of the vesqﬁp (;.77 15. A nethod according to claim 13, wherein the
solution 15 cont ai ni ng i nmunogl obul i ns and/ or i Mmunogl obul i n conpl ex-
es is the bl ood) prasra—or—et-her—body—ftui-ds—obtai-ned— froma living
organi sm
60 |
Toyopearl
50 HW65
~~
§=
=
= 40
S
< Cellulofine
; GC700m
_o 30 B
c
20 +
10+
Biogel ASm
] ] ! i
0 0.2 0.4 0.6 0.8 1.0

Pressure loss (kg/cm?2) |
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4
obtaining a peptide which has high thermal stability; drug stability, and/or |
sterilization stability, when detérmined based on high adsorbing specificity
and adsorbing capacity with respect. to immunoglobulins and/or
immunoglobulin co.mplexes. as indexes, and which is unlikely to have side
effects caused by antigenicity, by using a partial peptide of protein G.
Protein G is one of the immunoglobulin binding proteins, which has
a molecular weight of about 50,000 daltons and is present on a bacteria
cell wall of Streptococcus. The cDNA of protein G has already been cloned.
Based on an amino. acid sequence predicted from the cDNA, pfotein Gis
assumed to consist of 448 amino acid residues. Furthermore, it has been
assumed ﬂ;xat several similar repeated amino acid sequences are present in
the predicted amino acid sequence, and that the repeated amino acid
sequences are binding domains to albumin and immunoglobulins. See

example, S.R. Fahnestock et al., J. Bacteriol., Vol. 167, pp. 870-880 (1986);

U. Sjobring et al., J. Biol. Chem., Vol. 266, pp. 399-405 (1991). In B. Guss
et al,, EMBO J., vol. 5, pﬁ. 1567-1575 (1986), a repeated amino acid
sequences region represented by Cl1, C2, or C3 suggesting an
immunoglobulin (IgG) binding domain in the sequence of protein G is
described. When common amino acid sequence of C1, C2, and CS are
summarized, the amino acid sequence of the IgG binding domain is as
represented by SEQ ID NO: 1 of Sequence Listing.

Furthermore, the inventors also studied sterilization

stability of C3 peptides to y-ray sterilization
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