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ABSTRACT

The yeast hexokinase isoenzymes PI and PII have been purified in large amounts (20 mg) from overproducing yeast strains, The
purification procedures of hexokinase PT and PII include anion-exchange chromatagraphy on DEAE-Sephacel and chromatafocusing
on PBE 94, hydrophobicinteraction chromatography on phenyl-Sepharose (necessary for the isolation of the isochzyme PI); in the final
step either a Mono Q HR 5/5 ar a Fractogel EMD TMAE 630(5) column was used. Hexokinase preparations were characterized before
cyrstallization by chromatofocusing on a Mona P HR 5720 FPLC column, where different forms of hexokinase can be rapidly
distinguished by their elution behavieur. From both purified hexokinase PT and PII, large crystals were grown that diffract X-rays to

high resalution.

INTRODUCTION

A number of investigations of structure—function
relationships of the hexose phosphorylating yeast
enzyme hexokinase were based on X-ray diffraction
analyses of both the PT and PII isoenzymes. The
structure of native hexokinase PII in monomeric
form was determined at 2.1 A resolution [1] and
that of the PI isoenzyme with bound glucose at a
medium resolution of 3.5 A [2]. Unfortunately, it
was then not possible to crystallize the same isoen-
zyime with and without bound sugar. Therefore, di-
rect evidence of a conformational change induced
by the binding of the substrate could only be de-
rived from results of small-angle X-ray scatiering
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from hexokinase in solution [3]. Further, the correct
sequences of the isoenzymes were not known until
later [4,5]. A detailed knowledge of the sugar and
nucleotide binding sites is of interest for a better
understanding of the role of conformational chang-
es in the functioning of hexokinase and of the differ-
ent specificities of the isoenzymes towards fructose
and glucose. It is further of interest for a compari-
son with other proteins with similar conformations
to hexokinase such as actin [6] and the N-terminal
ATPase fragment of the 70 000 dalton bovine heat
shock cognate protein [7]. In order 1o provide a ba-
sis for detailed crystal siructure analyses of the sub-
strate binding siles, we developed an improved
scheme for the purification of both veast hexoki-
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nase isoenzymes on a semi-preparative scale and
grew crystals in the native and complexed form
which were suitable for X-ray diffraction measure-
ments at high resolution,

Numerous proteolytic degradation products of
hexokinase were described in the pasi, when protein
purification methods were less sophisticated [8.91.
Most of the large-scale purification procedures pub-
lished in the 1960s and 1970s were modifications of
the method of Darrow and Colowick [10]. Depend-
ing on the elution conditions, different hexose phos-
phorylating fractions were eluted from DEAFE-cel-
lulose columns [B.11-14]. Among these, two pre-
dominant proteolysed lorms, 51 and SII, which are
both still active, occur during purification |9], It has
been shown recently by cloning the Succharomyces
cerevisiae hexokinase genes that there arc two
isoenzymes, P1 and PI, with overall homologics in
their amino acid scquence of only about 76% [4,5].
New attempts to better separate the isoenzymes and
eliminate the proteolytic forms have been made suc-
cessfully by Womack et af. {15] using hydroxyvapa-
tite coturmn chromatography as the final step and by
Kopetzki and Entian [16] using affinity chromato-
graphy followed by chromatolocusing. The latter
procedure was developed [or the smalt-scale puri-
fication of hexokinasc.

The preparation described in this paper involves
the construction of genetically manipulated yeast
strains which facilitate the protein purification of
milligram amounts of hexokinase. This work is part
of a project aimed at providing infermation about
the kinetics of the hexokinase molecule at a struc-
Lural level.

EXPERIMENTAL

All chemicals were of pro analysi or puriss grade.
Enzymes, substrates and cosubstrates were ob-
tained from Bochringer Mannhcim and hexokinase
type C301 Irom Sigma.

Yeast strains and vverexpression

A DNA fragmeni hurbouring the complete
HXK1 gene of Saccharomyees cerevisiae [4] was li-
galcd into the yeast episomal plasmid YEp24 [17].
In a similar approach, the complete HXK2 gene [5]
was cloned inte the plasmid YEp24. The in vifro
recombination of DNA was performed by standard
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techniques 18], The resulting plasmids pMR22 and
pMR47 contained the HXK 1 and the HXK2 gene,
respectively. Both hexokinuse genes were under the
controb of their native promotors. Transformation
marker genes and sequences necessary for replica-
tion in Escherichia coli and yeast were derived from
the plusmid YEp24. The origin of plasmid replica-
tion in yeast was derived from the 2-um circle DNA
via YEp24. The use of this origin resulls in a high
plasmid copy number [19]. Plasmids pMR22 or
pMR47 were transformed in Saccharomipces cere-
visige sirain WAY 10-1C according 1o the method
of Ito et al. [20]. The chromosomatl loci of the
HXKI and HXK?2 genes were deleted in this strain
[21]. Alter transformation, hexokinase was only ob-
tuined by expression of the plasmid encoded HXK 1
and HXK2 genes. The transformed veasls were
grown under selective conditions on synthelic
mediy in order to prevent plasmid loss in cultures
up {0 a volume of 100 ml. The preculture so ob-
tained was transferred to 4 maximum of 101 of rich
medium (1:20) and incubation was stopped when
the wet weight reached 15-20 g/l. After centrifu-
gation, the pellet was resuspended in water. The
cells were pelleted again by centrifugation and
stored at —20°C.

Enzyme assays

Hexckinase aclivity was determined spectropho-
tometrically as described by Bergmever [22] by cou-
pling the formation of glucose-6-phosphate from
glucose Lo the reduction of NAD with glucose-6-
phosphate dehydrogenase. Unless indicated other-
wise, standard assays were performed at 20°C in a
total volume of | ml containing 50 mM {ricthanol-
amine-HCl (pH 7.5). 11 mM glucose, 1.5 mA/
NAD. 8.9 mM magnesium chloride, 0.66 mAf ATP
and 1 U glucose-6-phosphate dehvdrogenase from
Leuconostoe  mesenteroides  {Boehringer Mann-
heim). Isoenzymes were distinguished by their F/¢
ratio, (e, their relative fructose to glucose phos-
phorylating activittes [11]. With fructosc as sub-
strate (11 mAM), | unit/m! of phosphoglucose iso-
merase was added.

Protein determination

The protein peaks of all chromatographic sep-
aration steps were recorded at 280 nm (Uvicord SD
2158: LK.B). Protein congentrations in hexokinase-
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containing fractions were determined with Coomas-
sic protein assay reagent (Pierce). Additionally,
pooled fractions and purified samples of hexokinase
were assayed with biuret reagent (Sigma).

Preparation of yeast cell exiracts

Up to 35 g of freshiy thawed cells of the Pl-pro-
ducing strain were suspended in one volume of the
above buffer; 2 g of glass beads (0.5 mm) were add-
ed to 1 ml of yeast suspension. Purification of the
isoenzyme PII started from 10 g of overproducing
yeast cells (yielding 15 mg of pure enzyme). An
IMA (Zeppelinheim, Germany) disintegrator oper-
ating at 4000 rpm for 20 min was used for disrup-
tion of yeast cells. Immediately after centrifugation
at 20 00¢ g for 30 min at 4°C the supernatant was
removed and the cell pellet was resuspended in
about 10 ml of piperazine-HCI buffer (0.025 A1, pH
6.5). After centrifugation, {20 000 g for 30 min at
4°C) both supernatants were combined.

Chromatographic procedures

All chromatographic steps were performed in
rapid succession at 4°C in order to avoid loss of
hexokinase activity. The columns used were con-
nected 10 a Model 2249 high-performance liquid
chromatographic gradient pump (Pharmacia
LK B). The cell-free crude extract was rapidly load-
ed onto a DEAE-Sephacel (Pharmacia LKB) col-
umn (5 X 5 cm [.D.) that had been equilibrated
with 0.025 M piperazine-HC] buffer (pH 6.5). After
washing with the equilibration buffer, elution was
performed using 0.025 A piperazine-HCI buffer
{(pH 3.5) at a flow-rate of 2 ml/min. The pooled
fractions containing hexokinase activity were ad-
justed to pH 5.5 by the slow addition of 0.025 M
piperazine (pH 10.5), Large-scale chromatofocus-
ing was performed using Polybuffer Exchanger 94
{(Pharmacia LKB) filled into a chromatographic
column (46 x 1 cm [.D.). After the equilibration
with piperazine buffer (0.025 M, pH 5.5), samples
which consisted of the pool of active fractions from
the DEAE-Sephacel column were loaded at flow-
rates of 0.35 mi/min. The columns were washed
with equilibration buffer and eluted with decreasing
pH gradient developed with 250 ml of Polybuffer 74
(pH 4.0) (diluted 1:10 from stock solution).

The pooled fractions containing hexokinase

isoenzyme PI were brought to 40% saturation with
solid ammonium sulphate with gentle stirring; no
precipitation was visible, The protein solution was
applied to a column (20 x 2.6 cm 1.D.) filled with
85 ml of phenyl-Sepharose CL-4B (Pharmacia
LKB) that had been eguilibrated with 40% saturat-
ed ammonium sulphate—piperazine buffer (0.025 M,
pH 6.5) at a flow-rate of (.5 ml/min. The column
was washed with 150 ml of the same buffer and
hexokinase was eluted with a 500-ml linear gradient
of decreasing ammonium sulphate saturation
{40-0%) in combination with an increasing linear
gradient of ethylene glycol concentration (0-80%),
both in 0.025 M piperazine buffer (pH 6.53).

Fractions containing hexokinase PI were desalted
using PD 10 columns and then loaded with a 50-m!
superloop (1 ml/min) on a Mono Q HR 5/5 FPLC
column (Pharmacia LKB) or a Fractogel EMD
TMAE 650(S) column (Merck) which had been
equilibrated with degassed 0.025 M piperazine-HCI
buffer (pH 6.5). With the Mono Q column aliquots
of 17 mg of protein were applied. The TMAE
650(S) column had a capacity of about 80 mg and
the pooled fractions could be loaded in one step.
After washing with equilibration buffer, the column
was eluted with a linear gradient of 0~1 M sodium
chloride [in 0.025 M piperazine-HCI buffer (pH
6.5)] in 60 min, The protein solution was concen-
trated by ultrafiltration using Centricon 30 micro-
concentrators (Amicon) to final concentrations of
about 20- 30 mg (5000-7000 rpm, 4°C, 1-2 h).

Purified hexokinase (0.1 mg per run} was applied
to a Mono P HR 5/20 FPLC column (Pharmacia
LKB) that had been equilibrated with 0.025 M
piperazine-HC buffer {(pH 5.5). The column was
developed with Polybuffer 74 (pH 4.0) (1:10 dilu-
tion) and fractions of 1 ml were collected. Gel-per-
meation experiments were done on a Superose 6
HR 10/30 FPLC column (Pharmacia LK B) equili-
brated with 0.05 M sodium phosphate buffer (pH
7.2) containing 150 mM potassium chloride. For
each run, 100 pl of purified isoenzymes PI and P1f
were loaded onto the column, The flow-rate was 0.5
ml/min. The molecular mass of hexokinase P1 and
PII was re-examined using protein standards (low-
and high-molecular-weight gel filtration kit; Phar-
macia LKB) for calibration. The void volume was
determined with blue dextran.
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Polyvacrylamide gel electrophoresis ( PAGE)

Sodium dodecy! sulphate (SDS)-PAGE was per-
formed with the GE 2/4-L5 clectrophoresis appara-
tus (Pharmacia LK B} using the system of Laemmli
[23]. PAGE under non-denaturing condilions was
carried out according to the method of Davis [24}
using 7.5% polvacrylamide gels (stacking gel
4.5%).

RESULTS

Purification of hexokinase isoenzyme PI and PIT

The purification ol Saccharomyces cerevisiae
hexokinase isoenzvmes PI and PII was achieved
fram overproducing veust cells with vields of about
23% for the isoenzynie PT and about 42% for hexo-
kinase PI1. In order 1o circumvent co-purification
of both isoenzymes, we used a mutant of Saccharo-
mypces cerevisiae lacking the HXK?2 gene for the pu-
rification of isognzyme PI; the corresponding proce-
durc was employed for PII. We found specific ac-
itivities of about 8.3 U/mg protein in the crude ex-
tract of the recombinant PI-producing cells and
about 48 U/mg protein for the Pll-producing yeast
strain.

The first step in the purification of both isoen-
zymes was anion-exchange chromatography on
DEAE-Sephacel using high flow-rates. This chro-
matographic step resulied in a very good separation
of each hexokinase isoenzyme from the bulk pro-
tein; a peak of hexokinase Pl with a ratio of fructose
to glucose phosphorylating acitivity of 2.8 appeared

TABLEI

PURIFICATION OF YEAST HEXOKINASE ISOENZYMES
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between pH 5.5 and 4.8. Hexokinase PlI could be
eluted in the sume range. The recovery ol hexoki-
nase activity irom DEAE-Sephace] was about 65%
for PT and 70% for PII (Table I). The specific acitiv-
ities increased from 8.3 U/mg in the crude extract to
36.7 Ujmg in the pooled hexokinase PI fractions.
With isoenzyme PII the pooled fractions contained
140 units/mg protein (Table 1),

For efficiemt binding to the PBE 94 polybuffer
exchanger column, it was necessary to adjust the
pH of the pooled fractions to 5.5. This also prevent-
ed a foss of acitvity. All chromatofocusing columns
developed with Polybuffer 74 resulted in elution
profiles comparable to that shown in Fig. L. A peak
of hexokinase Pl was cluted at about pH 4.8 (Fig,
1A). Hexokinase isoenzyme PII was also obtained
as a homogenous peak at about pH 4.65 (Fig. 1B).
For each isocnzyme, the activities found in the
pooled fractions corresponded to 70-80% of the ac-
tivities applied to the column. Owing to the concen-
trating cffect of chromatofocusing, the volumes of
the poeled fractions were about 50 mi, independent
of the sample volume (up to 200 ml) that was ap-
plied. With hexokinase PTL, the peak fractions were
nearly free from contaminating proteins. For fur-
ther purification, therefore, it was sufficient to re-
move the remaining proteins with a TMAE 650(8)
or 2 Mono Q column. In contrast, the purification
of isoenzyme PI required an additional hydrophob-
ic interaction chromatographic step following the
chromatofocusing. Hexokinase could be detected at
about 25% ammonium sulphate saturation (Fig. 2),

Data are from a representative purification starting with 26 g of hexokinase isoenzyme PT overproducing yeast cells and 7 g P11
producing cells. The yield was caleulated as a percentage of the amount of hexokinase present in the crude extract.

Purification Hexokinase P1
step -
Total Total Specific Yield
protein  activity  activily  {%)
(mg) (L (U/mg)
Crude extract 1140.0 9509 83 1
DEAE-Sephacel L7010 0208 T 63
Chromatofocusing 6.3 4904 65.0 52
Phenyl-Sepharose 36.0 3423 94.8 36

Mono 2340 2135 95.0 23

Hexokinase P11

Specific Yield

Total Total

protein  activity  activity (%)

(mg) (L (Ujmg)

192.3 G178 47.8 100
46.4 6438 140).0} 7
18.8 4463 2260 a9
12.4 RERE]

3t0.2 42
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Fig. 1. Chromatofocusing elution profile of the pooled DEAE
fractions containing {A) hexokinase P1 and (B) isoenzyme PIl on
a PBE 94 cotumn. Each column was developed using Polybuffer
74 {1:10) (pH 4.0). The pH gradient in the efffuent is indicated.
and the bars represent the pooled fractions.

About 36% of hexokinase PI could be recovered
after the hydrophobic interaction chromatography,
and the specific activity increased to 95 U/mg. The
last separation to homogeneity was done either on a
Fractogel EMD TMAE 650(S) column or on a
Mono Q HR 5/5 FPLC column. As a high ionic
strength had to be avoided, the remaining ammoni-
um sulphate was removed by rapid desalting on PD
10 columns instead of dialysis. Both anion-ex-
change chromatographic steps were highly repro-
ducibte.

The hexokinase isoenzyme PI was eluted in five
fractions (each 1 ml) in the range between 0.28 and
0.35 Af potassium chloride depending on the total
amount of protein that was applied to the column
(Fig. 3A). Isoenzyme PII could be recovered under
identical conditions (Fig. 3B). As evidenced by pro-
tein staining, fractions 14 and 15 contained a single
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Fig. 2. Hydrophobic interaction chromatography of the pooled
fractions from Fig. 1A on phenyl-Sepharose CL-4B. Elution was
performed using a linear gradient of decreasing ammonium sul-
phate saturation (40-0%) in combination with an increasing lin-
ear gradient of ethylene glycol concentration (0-80%), both in
0.025 M piperazine bulfer (pH 6.5). Hexokinase PI cluted at
about 25% saturation ammonium sulphate. Fractions contain-
ing more than 20 U/ml (marked with a bar) were pooled.

protein in the molecular mass range of hexokinase.
In fractions 17 and 18, a smaller protein (40 000
dalton) was visible, Each of the purified isoenzymes
could be stored at —20°C in 0.025 M piperazine—
HCl (pH 6.5) containing 50% glycerol for at least
several months with only a minor loss of activity.
Prior to crystallization trials, glycerol was re-
moved by PD 10 columns, and the samples were
concentrated to 20-30 mg/ml of protein using Cen-
tricon 30 microconcentrators. From this material, it
has been possible o obtain for the first time large
crystals of hexokinase PI in the presence and ab-
sence of glucose, and also crystals of hexokinase
PII; the characterization of the crystals by means of
X-ray diffraction will be described elsewhere [25].

Criteria of purity

The purities of the different preparations de-
scribed above and of commercial hexokinase sam-
ples which werc also used for protein crystallization
were determined by a number of electrophoretic
and chromatographic methods including SDS-
PAGE, non-denaturing PAGE, rechromatography
on an anion exchanger, gel permeation and chro-
matofocusing. Both hexokinase isoenzymes purified
from overproducing strains were apparently homo-
geneous when enzyme preparations were analysed
by SDS-PAGE. Both isoenzymes yielded only one
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Fig. 3. Anion-exchange chromatography on a Mono Q HRS/5 column of hexekinase isoctzyme {A) PLand (B) PI1. With isoenzyme PII
4 minor peak was sepurated by u sall gradient. The major peak contains hexokinase PH activity (ratios of fructose to glucose

phosphorylating activity 1.4).

protein staining band (10 pg per lanc) correspond-
ing to a molecular mass of about 54 0600 dalton. On
electrophoresis without SDS, isoenzyme PI shows a
single band that migrates with nearly the same mo-
bility as the isoenzyme PII (Fig. 4).

In the hexokinase preparation obtained from Sig-
ma, one protein band was visible on the SDS gel,
whereas under non-denaturing conditions two ma-
jor bands could be detected on the gel (Fig. 4).
These two proteins could not be separated by
anion-cxchange chromatography.

During rechromatography of both isoenzymes
purified from yeast cells on a Mono Q or TMAE
Fractogel column, only one pecak was observed
which coincided exactly with that of hexokinase ac-
tivity; this is shown in Fig. 5 for the example of
1soenzyme PIl. Gel permeation of purified tsoen-
zymes P1 and PII on a Superose 6 FPLC column
also produced one peak. For each isoenzyme, the
hexokinase activity emerged at positions corre-
sponding to a globular protein of molecular weight
about 55 000-60 000 daltlon.

In order to characterize the protein samples be-
fore erystallization, we carried out chromatofocus-
ing using a Mono P HR5/20 column. In our prep-
aration, a distinct species ol isvenzyme PI eluted at
pH 4.87 (Fig. 6A). With purified hexokinase PII, a
peak occurred at pH 4.74 (Fig. 6B). Two species of
hexokinase PII could be distinguished (Fig. 6C) for
the commercially obtained hexokinase (Type C3)

which we also crystallized. The first minor peak oc-
curs at pH 4.53 and corresponds to the slowly mi-
grating band in the native PAGE shown in Fig. 4. A
second peak cluted at pH 4.4 it corresponds to the
fast band in the non-denaturing polyacrylamide gel.
Both proteins separated on the Mono P column had

T

Fig. 4. PAGE at pH 6.8 of hexokinase under non-denaturing
conditions. Single band of isoenzyme PI (lane 1), isoenzyme PTI
(lane 2) und the two bands of commercially oblained hexokinase
(lane 3. Sigma Type 301) are shown. The direclion of migration
1s from top to the bottem of the gel,
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Fig. 5. Anion-exchange chromatography of hexokinase PII on a
Fractogel EMD TMAE 650(S} column. Purifted isoenzyme PIT
was applied to the column and eluted as a homogeneous peak.
Elution was performed using a linear gradient of increasing sodi-
um chloride concentration.

ratios of fructose to glucose phosphorylating activ-
ity of about 1.2, indicating the presence of isoen-
zyme PII.

DISCUSSION

As shown here, the molecular cloning of each of
the Saccharomyces cerevisiae hexokinase isoen-
zymes provides attractive conditions for the puri-
fication and subsequent crystallization of the en-
zyme. From this approach, we obtained crude ex-
tracts containing large amounts of cither isoenzyme
PI or PII at high specific acitivities, Growing suffi-
ciently large crystals for structure determination re-
quires milligram amounts of protein. The proce-
dure described here for the preparation of hexoki-
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nase indeed yields large amounts of highiy purified
isoenzyme PI or PIL. As neither the use of protease
inhibitors [11] nor rapid cell rupture [13] seems to
protect against proteolytic alterations of hexoki-
nase, a combination of rapid cell disruption imme-
diately followed by DEAE-Sephacel chromatogra-
phy was preferred. During the separation of hexoki-
nase from the bulk protein, most of the proteases
were also removed. Chromatofocusing proved to be
a convenient method for purifying hexokinase, even
if only one isoenzyme is present. The final specific
activities were 95 U/mg for isoenzyme PI and 310
U/mg for hexokinase PII. These relatively low val-
ugs are explained by the assay temperature of 20°C.
When the activity of purified isoenzymes was deter-
mined at 30°C, specific acitivities of 132 U/mg for
hexokinase PI and of 380 U/mg for isoenzyme PII
were obtained; these values are comparable to those
described by Kopetzki and Entian [16]. The purified
isoenzymes were shown to be homogeneous by
PAGE both under denaturing and non-denaturing
conditions. In contrast to the data reported by Col-
owick [9], the differences in the mobilities in gel elec-
trophoresis at pH 6.8 are less significant. Both puri-
fied yeast hexokinase isoenzymes had a molecular
mass of about 54 000 dalton in SDS-PAGE and mi-
grated as a single protein-staining band with the
same mobility. For both hexockinase iscenzymes,
gel fltration on Superose 6 also showed the same
single peak corresponding to the molecular mass of
the monomeric form. Similar results for hexokinase
PII were described by Furman and Nect [26].

The existence of only one hexokinase isoenzyme
in the strains constructed here ensured a rapid isola-
tion, as a distinction between PI and PIL during the

- 5.2
- 5.0

L 43

- 44
42

Fig. 6. Chromatofocusing of the purified isoenzyme PI and PII on a Mono P HR5/20 column. Hexokinase P1 cluted as a homogenous
peak at pH 4.87 (A), whereas a peak containing isoenzyme P11 was obtained at pH 4.74 (B). With commercially obtained hexokinasc

(Sigma, Type C301) two peaks eluting at about pH 4.53 and pH 4.4 could be distinguished (C).
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purification was not necessary. The glucose phos-
phorylating enzyme glucokinase was not detected
during the different purification steps. The overall
recovery of the hexokinase isoenzymes PI and PII
was considerably increased by the cloning and over-
expression of the inserted genes. Comparing the fi-
nal amount of isoenzyme PI and PII obtained here
with the results of previous purifications [16], a 10-
fold increase for Pf and a 40-fold increase for PII
was achieved. Hence only small amounts of yeast
cells are needed as starting malterial for the puri-
fication. Owing to the small sample volumes, ull
chromatographic steps could be performed rapidly.
The reproducibility and high resolution of the
Mono P column make this column particularly suit-
able for molecular characterization before protein
crystallization. As demonslrated in Fig. 5, both pu-
rified isoenzymes PI and PII eluted as homogeneous
peaks. The pH values at which each isoenzyme elut-
ed differ only minimally, and they are in the same
range us those of the chromatofocusing on PRE 94,
It should be noted that the precise pH value of elu-
tion varied slightly with the total amount of protein
that was applied to the columns. In the presence of
50% glycerol, no loss of activity was observed after
storage at —20°C for several months; the protein
could still be used for crystallization assays.

As the succes of protein crystallization is strongly
dependent on the homogeneity and the total
amount of the starting material, the combination of
genetic engineering techniques with methods of
protein crystallization 1s very useful. Both isoen-
zymes produced from the cloned genes were suii-
able for protcin crystal growth, and the crystals
which were grown diffracted to high resolution [25].
We observed different crystallization behaviours for
different commercial preparations which showed
homogeneity in SDS-PAGE but exhibited different
electrophoretic protein patterns on native gels.
Chromatofocusing is a high-resolution method for
the rapid characterization of protcins, even in the
case of very similar proteins.
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