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Using recombinant human growth hormone as a model protein, we carried out unfolding by adding a denaturant such as
urea, guanidine HCI, or SDS followed by refolding by dilution and dialysis. The objectives were to monitor the structural
changes during in vitro refolding process and, based on the results, to develop a quantitative method of refolding progress
assessment. The changes in surface hydrophobicity were measured by fluorescence tagging of 1-anilinonaphthalene-
8-sulfonate(1,8-ANS) to the hydrophobic portions, and those in the secondary structure were monitored by using far
UV-CD(circular dichroism) spectroscopy. Also, we used RP-HPLC to separate and quantify the folded and unfolded proteins
to correlate the result with the structure analysis. Our results indicate the surface hydrophobicity are well correlated with the
formations of the secondary structure, primarily o -helices, as well as the disulfide bridges. We expect this monitoring
techniqgue can be applied in industrial fields as a means 1o quantitatively assess the progress of in-vitro refolding of
recombinant proteins.
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Aok WA kA AAE A8 4ToM 16A1HE9 MWCO
3,000 membrane(Millipore, USA)& A&3l 0.01 M potassium
phosphate buffer2+ FA&tgdch 1,8-ANSo Hgte ohild ¥
Hol Pzt fluorometer(Turner Desings, model 10-AU, USA)
o o3 2489t olw excitation TFE 390 nmojil
emission FAL 475 nmo]YTH3). o] HHH2 molten globule A
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25Tl * spectropolarimeter(Jasco, model J-715)8 A3t}
olml path length= 0.5 mmo]glch. & X 7H¥ sampleo] 7% ¥
371 AlEdA  dojubx] Polop FEF  acidificationo]|Zhe
quenching methodE AHEatt}h o] wHHE 2zt sampleo] 100
mM HClE #7138le] pH 22 W30 thiol-disulfides} W3 E
Asle ZiotH13).
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Figure 1. Fluorescence profile of ANS-tagged thGH in: (A) unfolding
(for 2h), (B) dilution followed by air oxidation (for 24h), and (C) dialysis
(for 16h) steps using —@-: Gu-HCl, —A—: Urea, and {ll-: SDS.
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Figure 2. Fluorescence of 1,8-ANS bound thGH at various concentrations
of denaturants(—A—: Gu-HCl, —@-: Urea, —¥—: SDS, and {l}-: Sarkosyl).
Vertical arrows indicate local maxima.
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Figure 3. Shortened air-oxidation time followed by dialysis could prevent
the fluorescence increase observed in the refolding process using urea
(air-oxidation for 24h (@) and 10h (—A—)).
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Figure 4. FPLC chromatograms indicate the fluorescence increase in the

urea process is not due to aggregate formation. Each sample is
represented by the numbers denoted in Figure 3.
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Figure 5. Time-course changes in the RP-HPLC peak areas of oxidized
(filled symbols) and reduced (open symbols) rhGH monomer during
unfolding (2h), dilution and air-oxidation (for 24h), and dialysis (for 16h)
step s. Symbol: oxidized thGH peak area using —@-: Gu-HCl, -l
SDS and reduced thGH peak area using —-: Gu-HCl ——: SDS.

g
T 100
e
§ 80 _
° ! =
2 E
k: 60 K
o
g 40- &
§ £
5 20
<Q
s
5 o . -
= 0 10 20 30 40

Time (h)

rhGH (mg/ml)

Fluorescence (%) & a—heiix content (%)

20
Time (h)
(B)

Figure 6. Correlation between the changes in ANS fluorescence intensity
(circles), RP-HPLC peak area for oxidized form (triangles), and o -helix
content (rectangles) during unfolding (for 2h), dilution followed by
air-oxidation (for 24h), and dialysis (for {6h} steps. Figure 7 (A) and (B)
arc for using Gu-HCl and SDS, respectively. —@-: Fluorescence, --A—:
thGH (mg/mL), and —Ji}-: Far-UV CD.
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Figure 7. Comparison of CD spectra of the unfolded, air-oxidation, fully
refolded, and native hGH. (A): with Gu-HCl, and (B): with SDS.
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