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Aggregation of proteins brings about severe problems in drug development. Although
sulfobetaines have been known to prevent protein aggregation, its mechanisms have been
elusive. Here we found that sulfobetaines accelerate inter—conformer exchange rates of
proteins and increase flexibility of loops. In addition, sulfobetaines were found to make
proteins unstable depending on the identity of proteins and buffer conditions. Prevention
of protein aggregation by sulfobetaines did not correlate with enhancement of
thermostability of proteins. Sulfobetaines were found to be useful for protecting
antibodies and for efficient purification of unstable proteins.

SRR
(AL : 1)
R R B & &
200 9FE 1, 400, 000 420, 000 1, 820, 000
201 0% 1,200, 000 360, 000 1,560, 000
201 19E 1, 000, 000 300, 000 1,300, 000
G
G
ik 3, 600, 000 1,080, 000 4,680, 000

WFZE53 85« A
B OS5 - B : AR - HEED(L
X—U— R ZURVE, BENIE, ZENl, ANERXZ A

1. WML OE R SFIFEAKENMES BIBETHL I BELER
(1) Vuillard H1E 157 FHICN &S0, 7 B 7 B L7200,
BHANVTERE A FEE NS VBRI A

9" Dnon-detergent sulfobetaine (NDSB) % AN NN S04
x AL, TNNZ I EORERTLIE | NDSB-195




(2) ANFE_E A (LLF SB LHET) 134
RV BEO = RIEEEZENTHH DD, 3T
EHEEBICREREBEONEN L 2HESIT
RLTWE., —JF, X7 oWV EEN:
WCEBEZ 525800 THEOT — % 215
Tz,

3) BEICIIEROAT v IR bHLEX
LENTWAED, Zh b DOEFERIERIN & D A
Ty FICEDEIIITEH L TWDDNED
BB IEA = X NI R TH-7- (M 2).
FNEERATAHEICL T, X0 hREE
HERILA 2B T D E S ATEEIC 72 5 & Hif
Shb.

Native

il

Aggregate

[U

K 2. SBIZ&25EMIEHEEDAE

2. WO EM

(1) SBICLBH o RIEREAA T =KX L%
fRIA3 B 72012, SB 23X X 7 B O N ESS
(27 x~—MOEHHEFE O — T DIE
k) ([CED LD R BE 5 2D O ERRHT
T 5.

(2) SBICL B X v R EREAA T = A L%
@B 5 7= 012, SB N2 L 287 B OB LS
MBS 5 2 DB A T 5.

(3) SBixHiih EOFEMAM R Z LR B D%
FEARIC AN TH DN EREET 5.

(4) SBRLERZ TG OHRBUZHZT
DN 5.

3. MoKk

(1) ZonNIBEDaL 7 x~—OEHE
JEIWZSBIN B 2 58 B2 TIENROD
R,~dispersionyE CHENT L7=. F/=, L—T7D
EENWEIC 5 2 BB\ TIT, TR &
TR A 2L X B - NMRIIE CREMT LT~

(2) SBINHZ >R EOBEMIRE (Tm) 12Kk
IETZIRIL DSC C, BEEIRIE (Ta) (ZKIF
TRNFNTIE & S HGEL CREMT L 7=,

(3) SB IZ X pHukDZEILIL SB ODIFE T/
FEAFE T CHURE AR 2 40 I’ L 7=k >
7V % 7= ELISA 36 X OV DSC TRk L 7=

(4) SBIT LB X /37 ORI DU

TIE, RERERY 37 B TlhE Lot )i
PERME SRR B 5 [K 1 (aFGF) & A71E T /3
FETFT IMAC BEXOV LVE @ CRRLL, 4
ATy T O TN L7z,

4. BFZERk R

(1) KIX-87 [ZABRASE T CThnative, ZHME
R, BEMEREED 3 S DIRBED S B DB
LWZ R ETHD. native @ EBPEHH
DR EE LT ZE N D EE E
R,~dispersion{t THEMr L7 & T A, SBIZ
native — ZMEHE, Z2MFE — native®
W OMEABMESES 2L, Pk
BG%E LT NS hoT-. 2O END
SBIZEMEF MK EZZENT HZ Lo T,
FILL EDZEE A TN B AT REME A3 sR g
Nz,

5-%

Aggregetwdt- A
1
h—

SB 23— F OEEMEIC RIE T IO T
T B F TN L7, SBIZ PRI LT,
V=T DB EZED TND I ENT0o
7.

(2) SBIZFEDH v R BOREEIRE L
O, BEAILETSN, TRIA S ae s

(aMb) DORFEIFMEET LHFE (pH 7 T) Bb
N7,

aMb in Tris-HCI (pH 7.7)

65

Bhone
64 ©  BiNDSB 195
63 | T+NDSB 256
B8+C0S
;G 62 |
2 61
60 | L I
59 L ; . ) . i
OomM

62.5mM 125mM 250mM 500mM

—7J7, ML aMb T pH 28705 &, SB I
BUHEREZ LT Z L RNbhotz. 202
LMD, SBIZE DR 37 B ORER 11T
MZp A= A LTI ENTRINE.



aMb in Acetate-NaOH (pH 3.9)
a5
g | BNone

B+NDSB-195

8+c0s

Ta ("C)

0 mM 625mM  125mM 250 mM 500 mM

NDSB-256 (%4 > /X7 G OBGEEHERBLIE L, %
ORI D L DOLZEA LV LR - T2,
o~ a7 ) (B6G) OflE R,

0.5M
1.5+ - NDSB-195
863 -
1.2+ Rt 0.5M
K ' Glycerol
o WOCO00an000000
0.9 o None
.
0.6} o
“ 0.5M Arg
0.3 | -
0.5M
NDSB-256
_0-3 1 . 1 1 .
60 70 80 90

L7>L, NDSB IZ BGG DENIS IR FE & i B R AT
IR FEH7=. 22T, ZEHEDRSIE L 2
LEEAL L AVXEEMHBE L 2N E RS0 T,

(3) NDSB-195 [FHURDEAELME & BHNTZ.

7000
6000 +
=
3 5000 A
2 Pummmmm———
= 4000
m
=
a0
#3000
B --e--direct
S 2000 4
E —e— freeze/thaw
1000 +
L
0 L Ll Ll
0 0.5 1 15

NDSB-195 Conc. (M)

(4) aFGF % SB FEAFAE N CTH/VIEEIZ T 5
ETFHDOLYIZE ) ~—DE—7 N7 <, %R
ERNEERE LTI L.

—74 SB FE FTIXE /) ~— D — 77 Wk
WZELA, IS 10 5L Em B L7z 22T,
SB I RELERZ X7 E DRI HHE
NSNS Tz,

E .
|

5. LRI LE
(WFFeEA . WHIEo 4R e O 24 12
(=Y

UdEsEams) BR1i)

O M. Hagihara, A. Takei, T. Ishii, F.
Hayashi, K. Kubota, K. Wakamatsu, and N.
Nameki, Inhibitory effects of
choline—-O-sulfate on amyloid formation of
human islet amyloid polypeptide, FEBS Open
Bio, &#iH, 2, 20-25 (2012).

®@ Y. Toyama, K. Miyamoto, K. Kubota, K.
Wakamatsu, N. Nobukazu, T. Saheki, and M.
Ochiai, Additive effects of betaines on



the fibrinogen cryogelation induced by low
temperature. Trans. Materials Res. Soc. J.
EHA, 36, 393-396 (2011)

® Y. Konno, Y. Kobayashi, K. Takahashi,
E. Takahashi, S. Sakae, M. Wakitani, K.
Yamano, T. Suzawal, K. Yano, T. Ohta, M.
Koike, K. Wakamatsu, and S. Hosoi, Fucose
content of monoclonal antibodies can be
controlled by culture medium osmolality
for high antibody—dependent cellular
cytotoxicity, Cytotechnology, % 3t A& ,
online (26. Aug, 2011)

@ T. Yoshino, T. Ishikawa, T. Ishihara,
Y. Takeuchi, H. Yoshikawa, H. Yoshida, H.
Yoshida, and K. Wakamatsu, Evaluation of
the aggregation
antibodies by diverse and complementary
methods, Biol. Pharm. Bull., ##if7, 34,
12731278 (2011).

states of monoclonal

® Y. Konno, M. Aoki, M. Takagishi, N.
Sakai, M. Koike, K. Wakamatsu, and S. Hosoi,
Enhancement of antibody production by the
addition of Coenzyme—Q,,. Cytotechnology,

#HiA, 63, 163-170 (2011).
® T. Ishikawa, T. TIto, R. Endo, K.
Nakagawa, E. Sawa, and K. Wakamatsu,
Influence of pH on Heat—Induced
Aggregation and Degradation of

Therapeutic Monoclonal Antibodies. Biol.
Pharm. Bull., 4 & A, 33, 1413-1417
(2010).

(@ T. Nakagawa, T. Ishihara, H. Yoshida,
T. Yoshida, K. Wakamatsu, and T. Kadoya,
Relationship between human IgG structure
and retention time in hydroxyapatite
chromatography with sodium—chloride
gradient elution, J. Sep. Sci., @A, 33,
2045-2051 (2010).

T. Ishikawa, N. Kobayashi, C. Osawa, E.
Sawa, K. Wakamatsu, Prevention of
stirring—induced microparticle formation
in monoclonal antibody solutions, Biol.
Pharm. Bull., A, 33, 1043-1046
(2010).

© T. Nakagawa, T. Ishihara, H. Yoshida,
T. Yoneya, K. Wakamatsu, and T. Kadoya,
Relationship between human IgG structure
and retention time in hydroxyapatite
chromatography with  sodium—phosphate
gradient elution. J. Sep. Sci., &#cA, 33,

37-45 (2010).

M. Tanio, K. Wakamatsu, and T. Kohno,
Binding site of C-reactive protein on
M-ficolin, Mol. Immunol., % &t A, 47,
215-221 (2009).

@ M. Kubota, T. Tanaka, T. Kohno, and K.
Wakamatsu, GDP-GTP exchange processes of
G+ il protein are accelerated/decelerated
depending on  the type and  the
concentration of added detergents, J.
Biochem., ##if, 146, 875-880 (2009).

(k) (G20 1F)
@ K. Wakamatsu, H. Wang, M. Takahashi, K
Nakazawa, M. Yoshizawa, T. Demura, K.
Hosoda, S. Terawaki, N. Nameki, K. Sugase,
Stabilization of proteins by
choline-O-sulfate during preparation and
NMR  measurement, The  International
Symposium on Nuclear Magnetic Resonance

2011, 2011.11.15, FEERESAGEGER—L (1
ZSY)

© LAAEE, hHRBER, &80, S
2, BEHERE, PEER, TRE, S
W, FugME, A, MBS, SFhE—
IR —, EWEf T, KMNDSBNYZ /374
DU I & I RIET IR, & 84 [A]

AAA LSS RS, 2011.09. 21, [ES7ACERE
PRt ORI
3 M. Takahashi, K. Igarashi, K. Kaneko,

E. Miura, H. Wang, T. Ishii, K. Kubota, K.
Wakamatsu, Elucidation of the mechanisms
whereby NDSBs protect proteins from
denaturation and aggregation, & 49 [A]H
A ERFAES, 2011, 09. 16, TLfE RS
KFEF X v o2 (JLER)

@ FANEE, FiekE, T EBEM, A&,
EREHEE, TGS, B, AHE, MHEf
B, ITKRE—, ElEE &AE - XTIFR
DEIENMRA~D A JLIRA_Z A DS, 5
49 EINMRF 3RS,  2010.11.15, # U — R —
JURIE  (CRORCHR)

© LANEE, FURME, A3 H SO, FA 42, IR
i%ﬁﬁ?ﬁgﬁﬁﬁ,m%ﬁbnﬁi
BIAFI 7 AT KT R, FH 48 FINRE
£, 2009. 11. 10, JuMKZ2 (& )

(XEF) GFofh)

(PEZETY PERE)
OimRd (B0 )



OBASIRIL (B0 )

(Z D)
R— A=A
http://wakamatsu—1lab. dept. eng. gunma—u. a
c. jp/Wakamatsu—lab/Top. html

6. WFFERHRK

() WFzefRE

ks B (WAKAMATSU KAORT)
BERGRE: « KRBT TR oe R - %
rgeEFE 40222426

(2) HEEMIEE

BWR #S (SUGASE KENJT)

(B o U — W HERER AT -
SR B

rgeEFE 00300822

(3) M TR

174K f&— (NAMEKI NOBUKAZU)

BEB KT « KB LR 2eRt - Hed%
MeE%&=S:80302959




