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Improved protein-A chromatography for monoclonal
antibody purification
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Abstract: Therapeutic monoclonal antibodies become the major product class within the biopharmaceutical market.
Protein A as the first capture step is still dominant in current platforms for purification of monoclonal antibodies. In this
study, we developed a new antibody harvest process that incorporates acidic treatment of cell harvest, demonstrating high
process yield, improved clearance of host cell associated contaminants, like non-histone host cell protein, histone, DNA and
heteroaggregates. Host protein contamination was reduced about 10-fold compared to protein A loaded with harvest
clarified by centrifugation and microfiltration. Turbidity increase of eluted IgG upon pH neutralization was nearly
climinated. Residual levels of impurities in the protein A eluate were achieved that potentially meet requirements of drug
substance and thus alleviate the burden for further impurities removal in subsequent chromatography steps. The mechanism
of host cell associated contaminants removal during acidic treatment was also explored. After a polishing step by Capto
adhere, host cell protein was reduced to less than 5 ppm, DNA less than 1 ppb, histone to undetectable level,
heteroaggregates less than 0.01% with total IgG recovery around 87%. This efficient process can be easily integrated into

current IgG purification platforms, and may overcome downstream processing challenges.

Keywords: protein A, monoclonal antibody, purification, cell culture supernatant, acidic precipitation, host cell protein,
histone, DNA
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Fig. 1 Reduced SDS-PAGE of fractions from SEC
cell culture supernatant. Histone identities confirmed
by mass spectrometry and Western blotting (data not

shown). Lane 10-18, fractions at 10-18" min from
SEC.
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Fig. 2 SEC of cell culture supernatant showing native
size distribution of DNA, histone and non-histone HCP.
LC is the abbreviation of light chain.
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Fig. 3 Solubility of each component in cell culture supernatant and its corresponding turbidity as a function of pH
and salt concentration. (A) DNA. (B) Non-histone HCP. (C) Histone. (D) Heteroaggregates. (E) IgG recovery. (F)
Turbidity.
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Fig. 4 Non-Reduced SDS-PAGE, precipitates from cell
culture supernatant treated to different pHs (3.5-9.0).
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F1 HMEEWRZEEEMHLEESHHRERUAK 19G BIKER
Table 1 Concentration of each component (DNA, non-histone HCP, histone, heteroaggregates and I1gG) in cell
culture supernatant after different pH treatment

1gG (mg/mL) Recovery (%) Agg (%) HCP (ppm) DNA (ppm) Histone (ppm)
pH7 1.35 100 18.73 395 479 20 347 12 882
pH6 1.35 99.86 18.4 386 487 18 446 11 708
pHS5 1.31 97.29 7.21 334 888 4763 2 950
pH4 1.22 92.36 3.42 299 040 1.4 283
1250
pH 7.0 NaOH|| PH4.0 NaOH
10001 | HBS wash | Elute | | HBS wash || Elute
g | | | | | |
7501
§; IgG
> I
2 500
250+
0 - _—
0 50 100 150 200 0 50 100 150 200

Elution volume (mL)

6 AEEEMAIEEHME R Z H MabSelect Sure EH A RIBEA L &1ZE
Fig. 6 Toyopearl protein A chromatography loaded with cell culture supernatant treated at different pHs.
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Table 2 Concentration of each component (DNA, non-histone HCP, histone, heteroaggregates and 1gG) in cell
culture supernatant treated at different pHs and loaded to protein A columns, 1-MabSelect Sure, 2-Toyopearl,

3-Eshnumo A
IgG (mg/mL) Recovery (%) Agg (%) HCP (ppm) DNA (ppm) Histone (ppm)
1-pH7 4.14 95.16 3.84 728 0.161 8 13.52
1-pH6 4.14 95.19 3.60 571 0.320 1 13.29
1-pHS 4.15 98.08 3.72 236 0.032 5 0
1-pH4 3.89 98.54 2.83 63 0.006 5 0
2-pH7 4.04 92.78 3.65 557 0.020 0 25.26
2-pH6 4.03 92.67 3.80 475 0.071 28 11.17
2-pHS5 4.04 95.44 3.57 245 0.008 9 0
2-pH4 3.80 96.18 3.36 66 0.001 8 0
3-pH7 4.10 94.25 3.11 561 0.016 8 18.53
3-pH6 4.10 94.48 3.80 582 0.080 8 8.52
3-pHS5 4.11 97.01 3.70 306 0.008 2 0
3-pH4 3.84 97.38 3.42 87 0.005 9 0
20 . bH7.0 23
IES | I

~ TP 7\ 8)

S /4 \

£ 150¢ / /{

& / ’ .\ -----Low pH clarification = ----- Normal clarification

50+ // \\l v
0 R e e = . i { I T
4 5 6 7 8 9 Virus inactivation --1-- Virus inactivation
pH

B 7 AR pH AEBEHMELEUWHEZE MabSelect
SuRe E8 A MBS EARELRE

Fig. 7

MabSelect SuRe loaded with cell culture

Capto adhere

Viral filtration

/Anion exchangea

Cation exchanger

supernatant treated at different pHs, eluted IgG was
adjusted to different pHs and turbidity was monitored
over the neutralization process.

25 BT EMKGEHTZE
34
A

® 010-64807509

Viral filtration

B8 MISEmRALTEaxt=5F kgL
Fig. 8 Two-step purification platform comprising of
protein A and Capto adhere. Traditional IgG
purification platform contains protein A and two other
polishing steps, such as anion exchanger, cation
exchanger, etc.
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Fig. 10 SEC of purified IgG by two-step purification platform comprising. (A) IgG. (B) Heteroaggregates.

%3

treatment, 2-no pH treatment

4 A [B] WA ER 1 S HEER 1AL IR I@IT B A, Capto adhere Zh 4L 3R 3T b
Table 3 Capto adhere purification efficiency of cell culture supernatant treated by low pH or not, 1-pH 4.0

IgG (mg/mL) Recovery (%) Agg (%) HCP (ppm) DNA (ppm) Histone (ppm)
1-Capto adhere 2.54 95.66 0.01 4.5 0.0008 0
2-Capto adhere 2.65 94.89 0.01 95.6 0.0086 0
Capto adhere .
3 4
4.5 ppm DNA 1 ppb
[16-18] 1eG pH
87% pH
A Capto adhere DNA
(3 ( 9 pH
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