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WFFER R OMEE (3230) : Earlier, we formally established an effective refolding procedure for
a protein by gradient removal of a solubilizer such as urea. However, this procedure was
less effective for unstable proteins. We developed here an excellent method to add protein
stabilizer so as to get reasonable amounts of folded protein under the concentration of
solubilizer where the unstable protein does not form aggregate. We examined many
stabilizers and found that 60% of a concentrated (2.5 mg/ml) unstable protein can be
refolded using 40% glycerol as the best stabilizer. This procedure can be widely applicable
for the refolding of unstable proteins.
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Systematic renaturation device

Pump
OMurea
Stabilizer 0.1 ml/ min
Red-ox soln.
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Fig. 1 CM-Tovopearl 650M chromatography of
partially reduced and CM-lysozyme
388 lysozyme{ Fraction C)
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Tube Number { 3.0ml )

Cohmnsize 1 91.7x32cm
Phosphate buffer, pH7.0 { 0M—0.5MNaCl}
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Tablel Refolding yield of 38 S lysozyme renatured
by gentle removal of solubilizerS in the presence of
various stabilizers

Stabilizer (Conc.) [sclubilizer] Refolded yvield{%6)

None(-)[Urea] 30
None{-)[GuHCI] 11
Glycerol{40%) [Urea] 60
Glycerol(43%) [GuHCI] 56
Sucrose(0.5M) [Urea] 40
Sucrose(1M) [Urea] 33
Sucrose(2M) [Urea] 30

Sucrose(4M) [Urea] 34
As solubilizer , 8 Murea [Urea] and 3 M guanidiumhydrochronide
[GuHCI] were employed.
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Table2 Refolding yield of 388 lysozyme renatured
by gentle removal of solubilizerS in the presence of
various stabilizers

Stahilizer (Conc) [solubilizer] Refolded yield(%6)
Ammonium sulfate(2M)[Urea] * 11

Arginine(0.3M) [Urea] 40
Arginine(0.5M) + Glycerol{40%4) [Urea] 30
Argimine(0 SM) + Glycerol{43%6) [GuHCI]] 22

As solubilizer , & M urea [Urea] and 3 M guanidium hydrochroride
[GuHCI] were employed

*The dialyzate was redialyzed against deionized water for 1 dav to desalt
and then applied to the ion exchange column.
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Table3 Refolding yield of native lysozyme and
ribonuclease A renaturedby gentle removal of
solubilizers in the presence of various stabilizers

Protein: stabilizer (Conc.) [solubilizer] Refolded yield(%s)

Native lysozyme: none(-)[Urea] 30
Native lysozyme: Arginine(0.3M) [Urea] 31
Native lysozyme: Arginine(0. 3M)[GuHCI] 40
Ribonucrease A: none(-)[Urea] 04
Ribonucrease A: Argmine(0.5M) [Urea] 100

As solubilizers, § M urea [Urea] and 3 M guanidium hydrochroride
[GuHCI] were employed.

ZEIiZLE, AT 4TV T AEENS
NOFBE RN, HIERE LT R XY
L7 — VB ABYER G ~DT VX = D
DIEMT 2T T2, TOFREREZFRK I ITRT, V
SF—LOFETIE, V=2 3y —7 &%
REIRD->TIEHEIN, ELLSEBER--E
Py OALE D v — 27 23 LTz, BLEokE
Bns, TAX= 350 ) VF—oH
AREEZE L, 2D SS fEA D HE
FTESTEARERIIEZTR S22 XTI EN
EESNTE, ZOL RIS E Y T X =
RV Y F— L OFACK LTI EERE
BERIILEZERbRD, —J, TA¥=r
DIVRXZ LT —FAOFAETIT., BXREL
TR L <AToiu, BAEZRITE L% 100%TH
ST, B TAX = VU RIFINOEATH 94%
HAETEE, LIRS T, TAAF= 0331 E
LT BE NI Lo IR ER B L
RIETHANH D Z Ny holz, ZDOZ L
ET X =N AR ERE L LA
SHFIHENTWBELRNS LT, EFICEE
IR TH D,

BIEE CToOMETIL, AlbAlE LT 8M
IRFEEHNEELSELTZ U Y > (40%)
ERHWEZE XKD BOEHAR 60% %2157,
Z OEIZZZENH Z VR & E D 30%2 t
~pEEOM ETHD, K LT, MR ARE
BT A XU B & @i (2. 5mg/ml) TZh=R
KL HET DL HIENHLTE T,

(2) E2 DR EAEE RO T, A MEE
B R 52 DS R T Uiz, BHET
WERERIAR 0D Z & X0, T A IRIEA
W, 3SS UV F—A, URXIZ LT —F,
SEARILUARX 7 LT —POHELIT- T,
3SS U V' F— A DAL SMRFE K N 2- A L
7 bz ) — L TEMETCIRIEIC L, fix
TRURINAN % G Ty 2 FAV Y 100 {58 R C1T -

Fig.2 Refolding yeild of 35S lysozyme renaturedby
dilution in the presence of glycerol
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Table3 Refolding yield of 388 lysozyme renatured
by dilution in the presence of various stabilizers(1)

StabilizerCone.) Refolded yield(%6)

None 10
Glycerol (10%) 20
(30%) 28

(40%) 32

(50%) 25

Sucrose (0.25M) 22
(0.5M) 20

(M) 28
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Table4 Refolding yield of 3SS lysozyme renatured
by dilution in the presence of various stabilizers(2)

Stabilizer (Cone ) Refolded yield(%6)

None 10
Arginine  (0.3M) 11
(1M) 9

(2M) 10

Sarcosine  (3M) 10
Acetonitrile  (2.5%4) Q

(3%) 14
(10%) 3

Table 5 Refolding yield of 35S lysozyme renatured
by dilution in various buffer

Buffer{Conc.) Refolded vield(%&)

Tris-HCI buffer, pHS.0 (0.1M) 10
40%glycerol 32

Phosphate buffer, pH8.0 (0.1M) 3
Borate buffer. pHS.0 (0.05M) 10
(0.1M) 10

(0.153 M) g

Imidazole-HClbuffer, pHE 0 (0.1M) 10
(0.15M) 14

+40%glycerol 47

(0.2M) 9
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