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Comparative Analysis of Dissolution and Refolding Processes for
Inclusion Body Protein Renaturation
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Using rFN-a and rhGH as the model proteins, the refolding performances of the published processes were evaluated and
compared. Key engineering parameters such as the type of denaturant and its concentration, protein concentration in the refolding
buffer, and pH and ionic strength of the buffer were experimentally investigated. Furthermore, the role of a co-solvent of surfactant
type in aggregation reduction was also studied. Of the denaturants tested (8M urea, 6M guanidine HCI, 0.5% SDS), SDS at
alkaline pH (9.5) and ambient temperature gave the highest recovery yield. The SDS process was effective in the refolding of
rhGH at the concentration range of 0.5-1.0 mg/ml. The effect of ionic strength was not as pronounced. However, a trend was
observed where dissolution proceeded better under lower strength (10 mM) but aggregation was suppressed under higher strength
(>50 mM.) When PEG-4000 andfor Tween were added as co-solvent or refolding-enhancing additive, 1.6-2 times higher yield was
realized. The 'masking’ of the hydrophobic patches located on the surface of the protein with the surfactant molecules was
believed to be responsible for the considerable reduction in aggregation during refolding.
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Figure 1. Standard Process to Renature Inclusion Body

Protein.
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Figure 2. Resolution of Oxidized and Reduced Form of
(a) rIFN-a and (b) rhGH. Buffer A = 0.1% (v/v) TFA in
DI Water and buffer B = 0.1%(v/v) TFA in acetonitrile;
elution rate =1 ml/min; gradient system for rIFN-a was
50%-75% buffer B in 30 min and 24%-75% in 30 min for
rhGH.
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Figure 3. Effect of Denaturants on Dissolution Efficiency of
rIFN-a and rhGH Inclusion Body. Washed inclusion body
(1.75g dry weight) was placed in a 100ml sodium bicarbo-
nate buffer solution containing (a) 05% SDS, (b) 8M urea,
or (c) 6M Gu-HCl. The buffer pH was 9.0 (for all) and the
dissolution was carried out at room temperature except one
buffer with Gu-HCI that was at 4 (d). Dissolution efficiency
was determined as the mass of the monomeric proteins
detected by RP-HPLC divided by that of the total expressed
proteins.
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Figure 4. Effect of SDS Concentration and pH on rhGH
Inclusion Body Dissolution. Washed rhGH inclusion body
(1.75g dry weight) was placed in a 100ml sodium bicarbonate
buffer solution (pH 9.5) containing (a) 0.1, (b) 0.2, (c) 05,
r (d) 1.0% SDS (empty bars) and 05% SDS at pH (e) 5,
(f) 7, (g) 95, or (h) 12 (shaded bars). All the dissolution
was at room temperature.
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Figure 5. Effect of thGH Concentration on Refolding Yield.
Washed rhGH inclusion body (1.75g dry weight) was dissolved
as described in Figure 4. After the dissolution, the buffer
was subjected to cryoprecipitation at 4°C for partial removal
of SDS. The buffer was diluted with the sodium bicarbonate
buffer containing 0.35% SDS accordingly to (a) 0.1, (b) 0.2,
{c) 05, (d) 1, (&) 2, or (f}) 5 mg/ml rhGH concentration.
Each solution was air-oxidized at room temperature for
24 hrs, and then fed to IRA420 column for complete removal
of SDS. The eluates were analyzed for oxidized form of
the monomeric thGH by RP-HPLC.
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Figure 6. Effect of Ionic Strength on thGH Refolding Yield.
Washed rhGH inclusion body was dissolved and cryoprecip-
itated as described in Figure 5. The supematant was divided
into four aliquots, and the ionic strength of each was adju-
sted to (a) 10, (b) 21, (c) 50, and (d) 100 mM sodium bic-
arbonate. The rhGH concentration of each aliquot was 25
mg/ml. Each solution was air-oxidized. Samples were taken
after 1 hour and 2 days into the air-oxidation, and fed to
IRA420 column for complete removal of SDS. Each eluate
was measured for the monomeric thGH by RP-HPLC.

137

100mM = z}2} z=Aste] Zhzt 1AZh 297 B71asA 7 &
AR G A 88 nugrleigct

Figure 69 Ao 2H AT £89 ko 3e o
SAEE FE Ao FFAYT. AW LAEA
AAMe 2 oJ2ZEE A3 T Ao

o2 Aozt welM Ay g FARE 9
& ol Et EAEE RAor AZEY B AYdME 50mM
o] b AFA Roz AFHUY & AFRAT| A B

Azl Azbel wel AHFY e oot oA A
e g dhldule] o)A o] 2utEA HAEH U
g AfHol St SDS9 o iAo BFxs}
nativedt RAX ¥ compactdtr] & AHoln®g w@d nEn
QA e Ao N 25AEE Fol 98 spontaneous
“t self) aggregationo] &AHo| WAlsl: Aoz S2g).
257t Z7hdel uhel o]#-E aggregationo] AHoE F
= Ao v%o] & u spontaneous aggregation® F&
AAF ok oz Algdd

—_

b2 o ¢

Ir mr

MY Holde st

SAAY gL ALY T4 F8o A &4
DE FHagA Ak @t A9 34
g Ao AztHa gled, A HAE
AU o)gtsldste mlsmatchmgﬂ = 2 ¥
X AgA AEAE(E vT 44 Ao 98 Aotk LS
& Age APY wed 7“37“°i AgE g A7 wkgo] 1)
8 & MEASE L Y Aeg deA gk T ke w
F ‘molten globule state’s} E2]9-£ AYY FHYRRE A2ty
7). o] E7HE 789 HuE native stated)] Bla] A22=Ade)
A7150] 9l5tol] Wo| =&Eo] glon(19), self-associationo] 2
& Aoz wo otdd SAAE FAse] ). vlol
A AFEGAQ PEGY Tweend] H7R= oldt $AHA4L &
BA o AAT £ e Aoz BudArh9-12).
A e PEG-40002 3 g/LY 552 f3d wi= 7
Y 8ol Aulsisich Zdey gdZe wHlA kw5
mg/ml ¢} 2 22 PEGY rhGHY BH&L 44109tk ©

2 &8 PEG-60008 10 g/1.9 ¥T&2 #H7batach
PEGE #H7betA @& &3d& 7|20 8% vusdct
Figure 794 B%o] PEGY £ai3A4dA Hrtste Aol A4
AR Hrlele AR o Zd#d Aoz #EHch
H R 22 dld =oM% PEGY Tweend #7123 %3

TEE F7HE F e WAFHY. & g8 A¥gMe
PEGY Tweend 42 217 3 g/L, 5 g/LE AHE £Ao]
7hetel 4083 AHIAHEE FHSAL o471 ke ge
A/ dld gnjer 44 441, 251 oYtk Figure 79
Aol A BRo] diAE AHEFES 16-29 F/HALL ¢
T AMeH, o] M} wuld Fwol A4 B9t
2SS T8 A4 A3es JAEd 1% BAs) yE
Qb Aer AZHAH12), o8 Tweenol 234 FAL
AAte Afde vs agde Aew dREUn

l‘

o2 @
oXx
3
olo
O
e
b1
1o
oil.
o
o
ne

7 AsAE e Bl



138

10
1

8 —
5 |
5 6 —| ]
s
=] i
&)
=
B 4=
£
= J

24

0

(@ b

Figure 7. Effect of PEG or Tween Addition on rthGH Ref-
olding Yield. Washed rhGH inclusion body (1.75g dry weight)
was placed in a 100ml sodium bicarbonate buffer solution
(pH 95) containing 05% SDS. Control was (a), (b) was
PEG-4000 and (c) was PEG-6000 added in dissolution step,
(d) was PEG-4000 added in refolding step(empty bars).
Washed rhGH inclusion body (0.45g dry weight) was dissolved
and cryoprecipitated as described in Figure 5. After this, control
was (e), (f) was PEG-4000, (g) was Tween and (h) was
PEG and Tween added in refolding step. Each solution was
air-oxidized at room temperature for 24 hrs, and then fed
to IRA420 column for complete removal of SDS. The eluates
were analyzed for oxidized form of the monomeric rhGH
by RP-HPLC.
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Figure 8. Scanning Profiles of Monomeric thGH and Aggr-
egate Form. Both the monomeric and the aggregated thGH
were scanned. The aggregate was fraction collected from
FPLC. Light absorbance at 350nm was correlated with the
FPLC peak area to quantify the aggregate mass assuming
that the extinction coefficients of the aggregate and the
monomer were identical.
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Figure 9. Aggregation Profiles During rthGH Air-Oxidation.
Washed rhGH inclusion body was dissolved and cryoprecip-
itated as described in Figure 5. The buffer was diluted
with the sodium bicarbonate buffer containing ca. 0.35%
SDS to the thGH concentration of 2.0 mg/ml, and air-oxidi
zed (control). To the same solution PEG-4000 and PEG-
-6000 were added to 3 and 10 g/L concentration, respectively,
just prior to the air-oxidation. The aggregate formation
profiles were determined by measuring the absorbance at
350nm.
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Figure 10. Aggregation Profiles at Various rhGH Concentr-
ations. Washed rhGH inclusion body was dissolved and
cryoprecipitated as described in Figure 5. The buffer was
diluted with the sodium bicarbonate buffer containing ca.
0.35% SDS to 0.34, 0.75, 1.95, or 3.5 mg/m! rhGH concent-
ration. Each solution was air-oxidized and the aggregate
formation profiles were determined by measuring the abso-
rbance at 350nm at room temperature.
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Figure 11. Breakthrough Curve of SDS Adsorption on to
IRA420 Column. Air-oxidized solution containing 1.0 mg/ml
rhGH and ca. 0.35% (or 3500 ppm) SDS was fed to the
IRA420 column (packed volume was 50ml) at room temp-
erature, and the eluate was analyzed for SDS concentration.
Feeding rate was 50 ml/hr, or 1 bed volume per hour.
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Table 1. Recovery yield profile of rhGH inclusion body
renaturation process.

Step Condition thGH Yield
mass
Washed inclusion _ 5.95g (wet) 9
body paste 1.75g (dry) 100%
0.5% SDS;
. . 46mM NaHCO;;
SDS dissolution bH 95 0586z | 335%
room temp.;
6 hrs of mild agitation
Cryoprecipitation at 4T, ca. 1 hour.s; ) »
5600xg centrifugation 0.586g | 335%
for 10 min

6x dilution with
46mM NaHCO;
containing 0.35% SDS

Buffer dilution not measured

1.0 mg/ml rhGH,
room temp., 0560g | 320%
0.35% SDS; 24 hours

Air-oxidation

IRA eluate 1 bed volume per hour;

049g | 283%
room temp.
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