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Ab stract: Re com bi nant pro teins are fre quently pro duced by overexpression in prokaryotic and
eukaryotic host sys tems. Highly pu ri fied sam ples are an in ev i ta ble pre req ui site for both re search and
ther a peu tic ap pli ca tions. High per for mance liq uid chro ma tog ra phy (HPLC) is a fre quently used
tech nique in pro tein pu ri fi ca tion and its ap pli ca tions in pro tein sci ence is very broad from an a lyt i cal
meth ods to the large scale pre para tive purifications of re com bi nant pro teins used in bio tech nol ogy and
phar ma col ogy. The main types of HPLC pro tein sep a ra tion are cov ered in the ar ti cle in clud ing gel
per me ation chro ma tog ra phy (GPC), ion ex change chro ma tog ra phy (IEC), re verse phase chro ma to-
g ra phy (RPLC), hy dro pho bic in ter ac tion chro ma tog ra phy (HIC) and af fin ity chro ma tog ra phy (AC). 
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1. In tro duc tion

Pro teins be long to es sen tial and the most im por tant bi o log i cal com po nents, which par tic i -
pate in vir tu ally ev ery pro cess within cells. Now a days, re com bi nant pro teins are fre quently  
pre pared by overexpression in prokaryotic and eukaryotic host sys tems with the aim to in -
ves ti gate pro tein struc ture and func tion as well as to pro duce biopharmaceuticals, di ag nos -
tics, fine chem i cals and biocatalysts [1]. Pro teins in a highly pu ri fied state are an in ev i ta ble
pre req ui site for all these pur poses.

The type of pu ri fi ca tion em ployed de pends on what the pure sam ple is re quired for.
For the re search pur poses, two fac tors, the pu rity and the bioactivity are the most im por -
tant. At an in dus trial pro duc tion scale, in ad di tion to the qual ity the price is nec es sary to be 
taken into con sid er ation [2]. The main tech nique in pro tein pu ri fi ca tion tech nol ogy is liq -
uid chro ma tog ra phy, the highly ef fi cient kind of this tech nique that uti lizes very small
pack ing par ti cles and a rel a tively high pres sure is re ferred to as high per for mance liq uid
chro ma tog ra phy (HPLC). 

2. Prin ci ples and Ap pli ca tion of HPLC

High per for mance liq uid chro ma tog ra phy is a highly im proved form of col umn chro -
ma tog ra phy, which uses pres sures of up to 400 at mo spheres. HPLC al lows to use a
smaller par ti cle size for the col umn pack ing ma te rial and high flow rates. This re sults in a
better sep a ra tion of the com po nents of the mix ture. The main com po nents of an HPLC in -
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stru ment are pre sented in Fig. 1. Apart from po rous par ti cle-based me dia in liq uid chro -
ma tog ra phy mono lithic col umns be come in creas ingly pop u lar as ef fi cient sta tion ary
phases for most of the im por tant chro mato graphic sep a ra tion modes, be cause of their res -
o lu tion and ca pac ity in de pend ent of the flow rate [3]. Ac cord ing to the prin ci ple of chro -
mato graphic sep a ra tion and the type of chro mato graphic col umn sev eral types are
rec og nized in clud ing gel per me ation chro ma tog ra phy (GPC), ion ex change chro ma tog ra -
phy (IEC), re verse phase chro ma tog ra phy (RPLC), hy dro pho bic in ter ac tion chro ma tog ra -
phy (HIC) and af fin ity chro ma tog ra phy (AC). For pro tein pu ri fi ca tion HPLC sep a ra tion
can be em ployed as ei ther a sin gle-step pro cess or in com bi na tion [2]. 

Be sides pro tein pu ri fi ca tion, HPLC can be used also for on-col umn pro tein refolding.
By pass ing through the chro mato graphic col umn, the pro teins pro duced in de na tured
forms might refold to gain their na tive struc ture and to tal ac tiv ity. Suit able chro mato -
graphic me dium and op ti mized op er a tion sys tem will af fect conformational change and
im prove the yield of ac tive pro teins, which are valu able in both lab o ra tory re search and
com mer cial pro duc tiv ity [4].

The gel per me ation chro ma tog ra phy (or size ex clu sion chro ma tog ra phy) sep a rates
pro teins ac cord ing to their size di rectly re lated to their mo lec u lar mass. In prin ci ple, GPC
col umns are po rous with pores of a size sim i lar to the re quired pro teins. The larg est pro -
teins can not pen e trate the beads be cause the pores are too small, so they flow quickly
around the out side of the beads and elute out first. The smaller pro teins are able to pen e -
trate the pores and thus are slowered in the flow and are eluted later. An ex am ple is the
MAbPac SEC-1column (Dionex) which is based on high-pu rity, spher i cal, po rous
(300 A), 5 µm sil ica par ti cles that are co va lently mod i fied with a pro pri etary diol hy dro -
philic layer. The hy dro philic bonded layer re sults in min i mal un de sired in ter ac tions be -
tween the bio-mol e cules and the sta tion ary phase. The chro ma tog ra phy can be used for
anal y sis of monoclonal an ti bod ies and for de tec tion of ag gre gates in pro tein sam ples. 

The uni ver sally used chro mato graphic tech nique in pro tein sep a ra tion is the ion ex -
change chro ma tog ra phy. The re ten tion of pro teins on an IEC col umn de pends on the
strength of elec tro static in ter ac tions be tween the sta tion ary phase and the charge of the
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Fig. 1. Ex am ple (Ul ti mate 3000, Dionex) and gen eral scheme of HPLC sys tem.

 



pro tein sur face. A col umn of an ion ex change chro ma tog ra phy (AEX) has a pos i tive
charge that at tracts the neg a tively charged pro teins, and un der neu tral pH con di tions, most 
na tive pro teins are neg a tively charged. For the mi nor ity of pos i tively charged pro teins cat -
ion ex change chro ma tog ra phy (CAX) is used. The IEC col umn can be chem i cally mod i -
fied with var i ous lig ands to have four kinds of LC, strong cat ion ex change
chro ma tog ra phy (SCX), with strong acidic e. g. sulfonate func tional groups, weak cat ion
chro ma tog ra phy (WCX) con tain ing weak acidic, e.g. carboxylate, lig ands, strong an ion
chro ma tog ra phy (SAX) based mainly on qua ter nary amine func tional group and weak an -
ion chro ma tog ra phy (WAX), based in most cases on ter tiary amine lig ands. The dif fer -
ences in se lec tiv ity be tween var i ous func tional groups pro vide flex i bil ity in max i miz ing
res o lu tion of closely re lated pro tein spe cies. Res o lu tion of IEC sep a ra tion is quite high, in
some ap pli ca tions pro tein isoforms that dif fer by as lit tle as one charged res i due can be re -
solved [2]. At the same time an ion ex change chro ma tog ra phy at a high pH is the most ef -
fec tive HPLC mode for the anal y sis of pro tein glycosylation [5]. 

In re verse phase liq uid chro ma tog ra phy and hy dro pho bic in ter ac tion chro ma tog ra phy
a sim i lar sep a ra tion prin ci ple is used. RPLC is one of the most im por tant tech niques for
pep tide sep a ra tion. Be cause of its com pat i bil ity with mass spec trom e try, RP-HPLC is an
in dis pens able tool in proteomic re search [6]. How ever, due to the strong hydrophobicity
of the sta tion ary phase, the na tive pro teins of ten de na ture af ter pu ri fi ca tion by RPLC and
this tech nique is thus used mainly for an a lyt i cal sep a ra tion of pep tides and small pro teins.
The ad van tage of HIC, that sep a rates based on dif fer ences in pro tein sur face
hydrophobicity, is that the chro mato graphic con di tions are very close to the phys i o log i cal
con di tions, such as a neu tral pH, an aque ous salt so lu tion, and room tem per a ture, all of
which are fa vour able to the main te nance of the pro teins bioactivity.

The af fin ity chro ma tog ra phy is based on bio-spe cific in ter ac tions of pro teins with
ligand pres ent in the sta tion ary phase. Based on the var i ous lig ands, AFC can be di vided
into many types, such as in hib i tor, lectin, nu cleic acid, hor mone, vi ta min, sugar, and
immunoaffinity chro ma tog ra phy. Al though spe cific type of chro ma tog ra phy col umn is
nec es sary for each pro tein, AFC is a fre quently used method for pro tein pu ri fi ca tion, be -
cause of its high se lec tiv ity. The spe cial sub type of AFC is the im mo bi lized metal-ion af -
fin ity chro ma tog ra phy (IMAC) that is based on in ter ac tion of pro teins con tain ing
sur face-ex posed histidine with metal ions (mainly Ni2+, Cu2+, Co2+) im mo bi lized on che -
lat ing chro mato graphic car rier [7, 8]. The typ i cal HPLC col umn (e. g. ProPac® IMAC-10  
from Dionex) is packed with 10 µm, nonporous, poly meric beads that are coated with a
hy dro philic layer, then grafted with poly(imino-di-ace tic acid) chains. The poly (IDA)
grafts are con verted into metal-con tain ing nanoparticles when the col umn is loaded with
metal cat ion. It is widely ac cepted that histidine, and also tryptophan and cysteine res i -
dues, as a re sult of strong in ter ac tions with metal-ions, are the key play ers in the bind ing
of pro teins in IMAC. Histidine res i dues are found in most of the nat u ral pro tein amino
acid se quences, but as a con se quence of their mild hydrophobicity, only a few of them are
lo cated on the pro tein sur face. In view of this and due to their im por tance in metal-ion ad -
sorp tion pro cesses, just a low num ber of nat u rally oc cur ring pro teins are po ten tially suit -
able for pu ri fi ca tion by this type of chro ma tog ra phy. On the other hand, histidine tags can
be at tached into C- or N-ter mi nals of pro teins by ge net i cally en gi neer ing re sult ing in very
ef fi cient sep a ra tion of the re com bi nant pro teins with IMAC. Many dif fer ent histidine tags
have been em ployed, from very short ones to rather long ex ten sions at tached to var i ous
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model pro teins. How ever, now a days the most-used histidine tags con sist of six con sec u -
tive histidine res i dues [7]. IMAC meth od ol ogy can be op er ated be tween pH 2–12 and is
com pat i ble with com monly used pro tein pu ri fi ca tion re agents (non-ionic de ter gents, re -
duc ing agents). Its main ad van tage is that it can be used un der na tive as well as de na tur ing
HPLC con di tions en abling purifications and sub se quent refolding of re com bi nant pro -
teins iso lated from in clu sion bod ies. 

3. Con clu sion

Ap pli ca tions of HPLC in pro tein sci ence are very broad cov er ing meth ods for anal y sis
of clin i cal (e. g. se rum pro teins) and re search sam ples, check ing for pro tein vari ants, ag -
gre gates and con tam i nants in com mer cially pro duced pro teins and ther a peu tics [2, 9].
HPLC has been widely ap plied in proteomic in ves ti ga tions of all kinds of bi o log i cal sam -
ples [10]. Other types of ad vanced meth od ol o gies are used for pre para tive purifications,
es pe cially for purifications of re com bi nant pro teins used in bio tech nol ogy and phar ma -
col ogy. The new tech niques and sep a ra tion chains are in stantly de vel oped and it is nec es -
sary to ad just thor oughly the used method for the par tic u lar ap pli ca tion.
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