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EVALUATING PRE-TREATMENT METHODS IN THE ISOLATION AND
PURIFICATION OF MONOCLONAL IgG ANTIBODY

F.A. ABDUL MAJID], L.P . SHIAN ]

ABSTRACT

In this study, the effects of different sample preparation techniques on the separation of
monoclonal antibody IgG I were inve st igated experimentally. Monoclonal IgG I was
obtained from hybrid om a cell line TB /C3 transfected with bcl-2 carrier plasmid. which
was grown in serum-free medium. Three di fferent pre-treatm ent tech niques prior to
Prote in G affinity chromat ography have been used in order to concentrate and parti al
pur ify the monoclonal antibody . The pre-treatm ents researched in this paper are
precipitation of the antibody by ammonium sulfate, dilution of the antibody in the binding
buffer of affinity chromatography and ultrafiltr ation through an Am icon Ultra- 15 filte r
with mo lecular weight cut-off at 100 kDa . Pur ification thro ugh direct application of the
antibody onto the Protein G affi nity co lumn without pre-treatm ents was used as a control
method. The res ults indicate that the ultrafiltration thro ugh an Amicon filte r was an
effective met hod for both concentration and partial pur ification of the antibod ies in
labora tory scale.
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1.0 INTRODUCTION

The proce ssing of complex biologica l solutions is a major bottl eneck in the biotechnology
industry and there is a demand for the cost-e ffective technologies for the pur ification of
naturally occ urring or recomb inant proteins. This is particularly true for monoclonal
antibod ies, where there has been an on-go ing sea rch for sim ple generic methods of
pur ification [ I ]. Monoclonal antibodies have had an increasing number of research,
diagnostics, probes for fine structural analysis, histological examin ations, immunoaffinity
chromatography and immunotherapy [2]. Some of these applications req uire monoclona l
antibodies in ample quantiti es and in a highly pur ified form.

However, the diversity of monoclonal ant ibody struct ures that can be eng ineered
and the vari ety of hybridom a cell lines that can be utilized for their produ ction,
compl icate the effic ient isolation of these antibodies, such as the approach of new
purification tec hnique [3, 4]. A growing list of pur ification procedures has emerged and
con siderabl e attent ion has been paid to alternative sample preparat ion methods [5].
Basically, the pur ification procedures for most monoclonal antibodies invo lve samp le
preparation steps such as precipitation, and in subsequent pur ification steps us ing
chromatog raphic techniq ues. Pur ificat ion of monoclonal and even polyclonal antibod ies
from different range of biological material. for instance, monoclonal antibodies from
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I .D f.XPf.R I \If.~T.-\ 1.

l.1 Sa mpln

l be murine h~hrido.>rruI ce ll line T8IC3 " ILS prmidcd b~ R. JctTeril fwm l 'nihnil~ of
Rinn ingllam. n • . 15C3 ~re11 line is b.L-.ed on "'''' .Jeri""d m~ C'k,,"a cell. "hidl
prodlll:n immun..gk..... . in G ...hel ~ I t l~<:i ll monoclonal anlib..d~ ..pa: iflC ... the-
hoopIrn Cl'Z domain at the Fc rq;ion f h,,_ IgG. This ~...11 line ..as [ran~feo;led .. nil
bd-Z carrin p"'"",id. ""'" "a~ Icrmed TnC 3.bd-Z.

("db l""..ed !Tum I " ,>d ing ~...11 twtl "ere firsd~ ];fO'An in RO'o..e ll Pari.
~kmoria' Inslilule (RPMl 111-10. G ibco In,itrog.:n. lJSA l medi um 'itlf'Plcm<nled .. ith
lll% FOCIa' Bm inc '-<:rum tFR' _(i ib<.." . In' ilrt>gel\- l 'S " I ;mol Lner ildarted ~ I Slep» i<.e
prucc<iurc I.... scrum-fn:c rnoe<Jium (Ciiboo. l XI. ~ antibiof ics. "ere u-.ed in any of the
medium. All een Slrdol "ere twn","" "it ll ;II ka.<ol 900-. \iabilit~ 0tIlIf "ere in k" phase
, ""'l h in order t.... <;011...:1 erude .....-..;k""'l l,e.l anli bod~' for furlller pwificlli<m "'""," .

All 'Ioamrlcs " ere filtered Ihmul;h O.4~ I'm ccll ulos.c a.:ctal" filM'$ IVi>....... it......e
AG. ( ;."rman~·1 prior 10 """,.. im,·rlla! pr,..edures. All butT"", u""d in thIS sl..J ~ " ere also
Ii ll~ thro ugh 0.45 I'm ed l " I,,~ nilrale fil1~'fS (W hatman 1" lemalk"",1l Id" En~lan,",. 1<'

remm·" small pan k les.
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2.2 Purification of monocionallgG

Affin ity chromatography was performed at room temperature on a Hi-Trap Protein G (5
mL) co lumn from Amersham Bioscience GE Healthcare, England. Equilibration buffer
was 0.02 M sodium phosphate. pH 7.2 and eluting buffer was 0. 1 M glycine-HC I, pH 2.5.
The flow rate used : at all stages was 2.5 mLim in. The co llected fractions of I mL volume
were immedi ately treated with neut ralizing I M Tris-HC I. pH 9.0. The chromatographic
profi les were monitored at 280 nm using Lambd a 25 UY/VIS spectrophoto meter from
Perkin Elmer Instruments, UK.

To exp lore the effects of different pre-treatment techniques on the purificat ion
yield, each sample was subjected to the three following pre-treatments prior to app lication
into the Hi-Trap Prote in G affinity co lumn.

Crude monoclo nal IgG I sample was diluted I: I with 0.02 M sodium phos phate
buffer (eq uilibration buffer) at pH 7.2 before applying into the Hi-T rap Protein G affinity
column.

The crude sample was concentrated by ultrafiltration using an Amicon Ultra-15
filte r centrifugal filter device (Millipore Corporat ion, Ireland) with molecular weight cut
off of 100 kOa. The Amicon filte r was cent rifuged at 5000 rpm, 4°C for 30 minutes using
a Mikro 22 R refrigerated fixed-rotor centrifuge (Hettich Zentrifugen, Ger many). The
concentrated supernatant (200 ul.) was then applied to the Hi-Trap Protein G affin ity
co lumn.

The precip itation was performed at 4°C. One part of I M Tris-HCI, pH 8.0 was
added to ten parts of sample volume to main tain pH. Equa l vo lumes of crude sample and
saturated ammonium sulphate solution (50% saturatio n) were mixed by slow addition of
the ammonium sulphate solution with gent le stirring. On the next day this sol ution
mixture was centrifuged at 5000 rpm, 4°C for 30 minu tes and the supernatant removed.
The pellet was washed twice by resuspension in an equal volume of ammonium sulphate
solution of the same concent ration . The precipitate was dissolved in 0.02 M sodium
phosphate, pH 7.2 and desalted using PD- IO Desalt ing column packed with Sephadex
G25 (Amersham Biosciences GE Healthcare, England) and eluted using the same buffer.
The eluted fractions were collected and determined at 280 nm. The fractions that showed
IgG concentrat ion were pooled and app lied to the affin ity column.

2.3 SDS-PAGE electrophoresis

The pur ity of the various IgG preparations was chec ked by sodium dodecyl sulphate
polyacrylam ide gel electrophoresis (SOS-PAGE) carried out on a BIO- RAO
electrophores is system (Richmond. CA, USA) with Mini-Protean II electrophoresis ce ll
(ge l size : 6 em x 8 em x 0.75 mm ), according to Laemm li ( 1970) method. The sample
prote in was mixed with equal vol ume of 5x sample bu ffer (20IlL) containing 5 mM 2
mercaptoethanol, bo iled for 5 minutes and centrifuged prior loaded onto gel. The total
polyacrylam ide concentrati on in the separating gel was 12%. The elec trop horesis was
carr ied out ~t a constant vo ltage of 100Y for 90 minutes at room temperature. Silver
staining was used to visualize the protein band s. As a standard, the Broad Range Protein
Molecular Weight Marker from Promega was used .
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sam ple, "' ,'TC lran, felTed 1" a..sil!-nc.'d weus. !lfler ,,"e ho lUl ,'I' incabatioe ,n"-",, •
1''Tnpcrarurci. tho: "'"ndards and ....",rlcs ...,'"' rrnlo.'ed and e",:h well ...a, ...aWd fi, ,, •
limn . G<>al ant i-nt<lUsc Ib<J1 c<>njug;>\ed I,' holl'iCllldM pc!o,ida.... dijeted 1:20 (1(10 in
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In the liN o;d "I' ""pcrimenl . m<lllOC k,nal ....Iihod~ 1~ 1 CIUdoc >ample loUpCmalanl " a,
di"",lI> wb.i«led 10 IIi-Trap "r"'le;n Ci affinil~ ehromalograp/l>. fbi<; e~menI "'as
carried uuI '" a <XIIlIroi mdh...d 10 allo.. c...mpar;""" fur lho: diffcratl pr.....n::aImcnh
..~>nd...tcd. TIle main ~al of lloo(ll ....., so:p;ar:ue.l b). am nil) ehrumal<lgr3ph) on Pmlein
(i cu lumn ...ilh a 0.1 M l!- '~ e ine-lIC1 dUling ""'Ter al pIl2 .~, Ilullh<: mnainin~ baUN
p,, ~eins were le01" ,,:<1 ...ith sod ium pholsphare ' Iarling buffer .' ,11<,,, n in Figun: I. f mm
lhe li~ure ,h" ...n. lh" IgG I pe" ~ wa, eluled in trac1i"n~ 57. ~ H and ~'1, The IgG fracliuns
",ore collected and anal)7cd by reducing S[)S·I'AGE fnr puril>' a'''''',menl fi gulC (, ha,
, h"...-" lhal lbo( ' hu appeared as 1....0 major hand, 0" 50 lJl<l and 2S ~Oa due In bro~'"TI 

........ - bonds ...ith 2-mcrcaplnc1hannt and tha t "n an~ OIlier pn llein "ere found ill the 1~

trao.'Tinn. 11K '''' It.\I proIein' pr""""l in Ihr crude ....mple CUlsisled mainl> ol' lran, rerrin
and i"""li... .. hieh "ere ""Wlcmcnled in tho: scrum-fr« medium during lhe ce ll p""th.
ft\"" tho: .-.....11 sho.... n in SO...·PACiE. 11", ....,taminaling pr" 'eins ....".e >UCCC"Sdul~

separat,-d from lho: IgGI anI ibo""~ .

The liN pR'-trea lmenl .arricd OUI was .. simple d illllion or cruJc ITW\f"IOCk"'al
Ig( il sample ...ilh 0.02 \ I ..ooi"m phosphale burr...., I'll 72 hef"re loadinl> inl<l lho: Ili
['tap "rmein ( j affinil>' colu",n . l h.........a., ohtain,-.I a .. ell s.:paralcd pcai. Irom Ihe
h;,II"st prnle in... whkh "a' later identi fied as IgGI h~ SDS.PAGE If igu", nol ,h nwn),
h "m the chwmat<lgram shown " n Figure 2, il e;o n be seen lhal lhe square-..haped peak
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area of the unbound material during was hing step wa s approx imately two tim es the size
of it in the control chromatogram (Figure I). This happens due to the add ition of sodium
phosphate buffer, where it add s to the time of wash ing . The chro ma togram also shows
that a higher IgG I peak was detected at 280 nm. This ind icates that the IgG I
concentration elu ted from the affinity col umn after a dilution with sod ium phosph ate
bu ffe r is higher com pared to the control. This result was further proven by the IgG
immunological activity detection using ELISA (Ta ble I).

\

10 19 28 37 46 55 64 73
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1- - Ab so rbanc e _ . . -. IgG Concentrat ion I
Figure 1 Isolation ofmonoclonallgG I on Hi-Trap Protein G co lumn (Contro l).
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Figure 2 Chromatographic pattern for monoclonal IgG I antibody obtained on Hi-Trap

Protein G column with a samp le dilution of 1: I with 0.02 M sodium
phosph ate buffer before loading.

5



FA AHlJl:L \li\JIIJ. 1.1' , \ lIIA'
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include an~ IgG l ""'"11 namine\l b) SDS- PAGE. 'The secood peal "IS ""par;llN ' er~

..ell lrum Ihe 1i",1 '''''' and ...a, lal" idenlil;':d a, lbo( ' 1 "hell analF ed b~ Sl}S.PA( iE.
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ELlSA and \ummar;ted in Table I.
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Figure 4 Chromatograph ic separation of sample after ammonium sulphate precipitation

and buffer exchange on Hi-Trap Protein G affinity column.
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Figure 5 Pur ification of concentra ted monoclonal IgG I (ultrafiltrate) on Hi-Trap
Protein G affinity column.
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According to the resu lts show n in the previous sect ion, the dilution of crude
monoclonal IgG has proven to increase the antibody recovery from the affinity
chromatography. The cell supernata nt harvested has a pH of less than 6 due to the
metabolism of cell line and the secretion of cell wastes. Therefore, the dilution with
sodium phosphate, pH 7.2 increased the sample 's pH to neutral. This coi ncides with the
bind ing pH of the prote in G to the IgG with isoelectric points between pH 7.0 to 8.5. The
neutra l pH of start ing buffer has almost puri fied the IgG antibody to homogeneity, wit h a
recovery of about 80%.

By ammonium sulphate prec ipitatio n, the recovery of IgG protein was found to be
55%, as shown in Table I . The precipitation step acts to concentrate the samp le into a
pellet and stabilizes the sample prote in. However, some antibodies may be damaged by
ammonium sulphate and the yield is low. For routine, repro ducib le purification ,
precipitation with ammonium sulphate is best avo ided. In this study, desa lting wit h gel
filtration on Sephadex G-25 was carried out in favour of the conventional dialysis
because dialysis is generally a very slow techn ique and requires large volumes of bu ffer.
From the result s shown (Table I), the desalting step gave a high recovery at 80%. The
ammonium sulphate was removed durin g desalting and the fraction of IgG was loade d
onto affinity column. The recovery afte r affin ity chromatography was found to be 6 1%.
However, the total recovery of this set of experiment was found to be only 27%.

Attempt was also made to pur ify the monoclonal antibody IgG I by ultrafilt ration
followed by affinity chromatography. The Am icon Ultra- IS filte r has a molecular weight
cut-off of lOOK and theore tically will only retain prote ins of molecular weight in excess
of 100 kDa. However, it can be seen on the chromatogram after affin ity chromatography
(Figure 5) that during washing, a peak was resulted and this peak was later identi fied as
transferrin on SDS-PAGE by comparing with a standard. Therefore, this means that some
transferrin was retained by Amicon Ultra- IS filter although it has a molecular weight of
significant ly less than 100 kDa. The supernatant was concentrated 69 fold by
ultrafiltrat ion from l5 -mL samp le to only 200 ul ., The recovery was also high at 83% as
analyzed by ELIS A. After affin ity chromatography, about 60% of monoc lonal antibody
IgG I was recovered.

4,0 CONCLUSION

In conclusion, all the pre-treatment methods in this study are suitab le as samp le
preparation and concentration of the cell supernatant from TB/C3 . bcl-2 before loading
onto affinity column. The di luted sample supernatant which has been alte red its pH
before loading onto affi nity column has also shown a sign ificant improvement in the IgG
recovery. This method was a favour ite among researchers when ammonium sulphate
precipitat ion must be avoided because high concentrat ions of ammoni um sulphate may
ca use contamination of the precipitate with unwanted proteins. Our resu lts also show that
ultrafiltrat ion is an extremely effective method for concentration of the samp le
superna tant at 4°C due to its ease of preparation and time-saving. However , the higher
cost of this ultrafilter may become a constra int in the separat ion process.
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