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ABSTRACT

A reproducible, high-yicld high-performance gel-permeation chromatographic method for preoteins was developed and applied to the
final step of purification of human serum biotinidase. One diol-type silica gel column, ‘Tasoh TSK-gel 3000 §W (300 mm * 7.9 mm
1.D.; average pore size 3) nm), and two Jasco Bio-Fine GFC SI 150-K columns (300 mm x 7.9 mm LD.; wverage pore size 15 nm) were
conrected in serics. A .1 M sodium phosphate buffer (pH 6.4) solution containing 0.3 M sedium chleride, glycerel (2.5%, v/v) and the
nan-ionic detergent Nonidet P-40 (NP-40, (1.1 5%, v/v} was uiilized as an eluent. Recovery of the protein boving serum albumin from the
separaling columns was measured by a spectrophotometric metheod and found te be 77.0 £ 3.74% (mean + 5.D.). The recovery of the
total activity of human serum biotinidase was 72.6 = 13.0%. Since biotmidase activity was not recoverad from the column in the
absence of NP-40, the introduction of this non-ionic detergent to the mobile phasze was shown to be essential for the final purification
step of human serum biotinidase.

NTRODUICTION

Human serum bintinidase (EC 3.5.1.12; BIN),
a thiol-type enzyme, has been recently isolated
and found to be a 76-kDa glycoprotein [1-3].

High-performance gel-permeation chromatog-
raphy (HPGPC?} was shown to be a suitable and
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easy to perform protein separation method com-
pared with the reversed-phase high-performance
liquid chromatography system (RP-HPLC) [4].
However, HPGPC gel (diol-tvpe silica gel) some-
times shaws relatively strong hydrophobic hind-
ing ability for some apparently hydrophilic pro-
teins (unpublished personal observations). Hy-
drophilicity of human serum biotinidase, as cal-
culated from the amino acid composition [2] ac-
cording to Capaldi and Vanderkooi [5], is
relatively high (46.5%). However, since enzyme
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activity could not be recovered from the HFGPC
column, hydrophobic interactions between hioti-
nidase and diol gel cannot be excluded. High-re-
covery purification of human serum biotinidase
was achieved when the non-ionic detergent Non-
idet P-40 (INP-40) was included in the eluent of
the HPGPC system. A protein recovery test from
the column wsing bovine serum albumn (BSA) us
the reference protein was also performed.

EXPERIMENTAL

Chenticals and reagents

BSA, p-immunoglobulin (IgG), ovalbumin
from hen egg white, carhonic anhydrase from bo-
vine erythrocytes, z-chymotrypsinogen A from
bovine pancreas, sov bean trypsin inhibitor,
g-lactalbumin from bovine milk, ribonuclease A
and biotinyl-4-amino-benzoate (BPAB) were
purchased from Sigma (St. Luis, MO, USA).
MNonidet P-40 (NP-4() was purchased from Naca-
lai Tesque (Kvoto, Japan). Sodium dodecyl sul-
phate polyacrylamide gel electrophoresis (SDS-
PAGE) molecular mass standards (broad range)
kit was purchased from Bio-Rad Labs. {Rich-
mond, CA, TUSA). Gel filtration calibration kit
was purchased from Pharmacia (Uppsala, Swe-
den). Aprotinin was from Takara Shuzo (Kyoto,
JTapun).

Specimens

Outdated human blood was supplicd by the
National Children’s Hospital (Setagaya-ku, To-
kyo, Japan). Serum was ohtained by centrifuging
the blood at 600 g for 15 min at 4°C. Transparcnt
serum was obrained by centrifuging the serum at
40 000 g for 12 min at 4°C and was stored at
—-80°C.

HPGPC

An HPLC pump (Modet 2150 HPLC pump
with 2152 LC controller; Pharmacia LKB, Upp-
sala, Sweden) was utilized. Sample injection was
carried out with a Model U6K universal liquid
chromatography injector (Millipore, Milford,
MA, USA, TISA) with a 2-ml loop. A line filter
(G1. Sciences, Tokyo, Japan) was inserted be-
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tween the injector and the column. One HPGPC
diol-type silica gel column, Tosoh TSK-gel 3000
SW (300 mm = 7.9 mm 1.D.; average pore size 30
nm), and two Jusco Bio-Fine GFC S1 150-K col-
umns (300 mm % 7.9 mm I.D,; average pore size
15 mm) were connected in series. A 0.1 M sodioam
phosphate buffer (pH 6.0) solution containing 0.3
M sodium chloride, glycerol (2.5%, v/v} and the
non-ionic detergent Nonidet P-40 (NP-40;
(1L15%, v/v) was utilized as an cluent. The flow-
rate was 0.8 mifmin. Eluting protein was detected
at a wavelength of 290 or 280 nmm with a Model
655A variable-wavelength UV monitor (Hitachi,
Tokyvo, Japan).

Biotinidase preparation

Partially purificd biotinidase preparations
were obtained essentially as peviously described
[1-3]. Serum was sequentially puritied with am-
montum sulphate fractionation, DEAE-Cellulo-
fine (Chisso, Tekyo, Iapan) ion-exchange chro-
matography, Sephadex G-200 (Pharmacia) GPC
and hydroxvapatite HPLC (Koken, Tokvo, Ja-
pan) (Fig. 1).

Determination of biotinidase activity

Biotinidase activity was determined by the
HPLC fleorimetric method as previously de-
scribed [3]. Synlhetic substrate of BPAB wus
used.

FProtein content

Protein concentrations were assayed by using a
BCA protein assay kit from Pierce (Rockford,
IL, USA). BSA was uscd as a standard protein.

Polyacrviamide gel electrephoretic analysis of bio-
tinidase

SDS-PAGE analysis was performed according
to the procedure of Laemmli [6]. Acrylamide con-
centrations of 7.5 and 12% were used.

Recovery tests

The protein recovery test from the column was
performed as described previously [4]. The reeov-
ery test for total enzyme activity was similarly
carried out.
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Fig. |. Purification proiocol for human serum biotinidase. Steps
A and B: biotinidase activily was measuced. Steps C and D; UV
absorbance at 29¢ nm was recorded. The fractions shown as
hatched areas were collected for the next step of purification.
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RESULTS AND DISCUSSION

Although the 76-kDa human serum biotini-
dasc has been reportedly purified using a diol-
type silica gel HPGPC column [1], our prelimina-
ry biotinidase purification trial using a Tosoh
TSK 3000-SW column was not reproducible. On
the other hand, it has recently been found that
recovery of biotinidase activity from the poly-
acrylamide gel (4.8% acrylamide concentration)
of isoclectric focusing is satisfactory only in the
presence of non-ionic detergent (Nonidet P-40;
2%, v/v) [3], henee suggesting that the reduction
in recovery andjor repreducibility of HPGPC
column was due to hydrophobic inleractions be-
tween biotinidase and the column. Therefore, a
mobile phase system including the nan-ionic de-
tergent NP-40 was developed. Since Triton X-100
showed relatively stronger inhibitory effect on
enzyme activity than NP-40 on a similar enzyme
(Hpoamidase) [7], we chose NP-40 in this study.
Because of high UV absorbance of NP-40 at 280
nm, a low concentration of this detergent
(0.15%, v/v) was choscn to optimize detection-of
protcins, Extremely acidic buffer conditions (pH
2.1) have been shown to increase the separalion
efficiency of silica gel [4]. However, because of the
likelv damage of the eluting biotinidase under
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Fig. 2. Calibration curve. X, values were used for the calibration curve. The K, value for each protein was defined and caleulated using

the following equation: K, = (¥,

- FoA¥, — F,), where ¥, = elution velume for the protein, ¥, = column void volume = elution

volume for Blue Dextran 2000 (cxciusion limit) and ¥, = total bed volume = inclusion limit for tyrosine,



330

I T
150

»
=
Ty 3
5
- - i [=
3 100k d -Lactalbumin J
D
¢ |
T
=
<L ;
o
3 |
< BsA |
v e
5 -
x - Ovalbumin
2
ﬂ- ]

| l

0 1.G 20

Protein amount {mg)
Fig. 3. Relationship between injected protein antounts and arca
under the peaks for three representative protems.

TABLE I

PROTECIN RECOVERY OF RSA FROM THE HPGPC SYSTEM
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such extremely non-physiolegical conditions, a
pH 6.0 phosphate buffer was chosen instead. The
addition of 0.3 M sodium chloride improved the
linearity of the calibration curve. Tn order to pre-
vent a phase separation phenomenon, 2.5% (v/v)
glycerol was finally added.

Under such eluent conditions, adequate peak
symmelry and protein separation were obtained
{Fig. 2). The total area of the peaks was found to
be correlated with the amount of three injected
proteins {Fig. 3). From a linear regression analy-
sis, 7 values of 0.997 (£ = 0.00016), 0.995 (P =
0.00049) and {.985 (P = 0.0021} were obtained
for BRSA. ovalbumin and a-Jactalbumin, respec-
tively. thereby suggesting high recovery [rom the
column. Tn order to verity this, three recovery
tests using BSA as a reference protein were car-
tied out using the spectrophotometric protein as-
say method. The results obtained are shown in
Tuble I. The protein recovery of BSA was satis-
factory with little inter-analysis variation (coeffi-
cient of vanation 4.86%) using a 900-mm-long
column.

Recovery tesl and prolsin determination were performed as descrihed in the Experimental section.

est Injected BSA Recovered B8A Yiekd

N {mg) img) (%)

1 6.83 361 821

P &.R1 5.00 732

3 6.83 517 T5.8

Mean £+ 5.D. T+ 34
TABLE 11

RECOVERY CF TOTAT. RIOTINIDASE ACTIVITY

Biotinidaze activily was measured as described in the Experimentul section.

Tesl Tatal activity (nmuol;min) Yield
No. — (%)
Tnjected Recovered

I 24.1 16.3 67.6

2 .04 1.12 354

3 0.37 .25 670

4 D37 0.28 4.0

3 Aad 8.50 93.0

5] 4.20 3.09 74.0

Mean = 5.D. 2.6 £ 1320
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Fig. 4. 3DS-PAGE analysis of purified human serum hiatinidase. Acrylamide concentrations of 7.5% (upper panel) and 12% (lower
panel) were used. Coomassie blue staining was used fur protein detection. A 0.{003-mg sample of biotinidase was analysed.

Therefore, this separation system was applied
to biotinidase purification and HPGPC was used
after the hydroxyapatire step (Fig. 1). The results
of six recovery tests for total biotinidase activity
from the column are shown in Table II. Although
different total activities were tested, the recov-
eries were lairly constant. Furthermaore, the mean

recovery of total enzyme activity (72.6%, Table
1) was similar to the protein recovery value of
BSA (77.0%, Table I), which suggests that the
elution conditions were gentle enough to retain
enzyme activity.

As shown in Fig. 4, purified human serum bio-
tinidase gave a single band of 76 kDa on the
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SDS-PAGELE system of Laemmli [6]. The purifica-
tion step was completed within 1 h, Therefore,
this HPGPC method was shown to he convenient
and reproducible for application to the final step
of biotinidase purification. Because of the rela-
tively high vield of protein and enzyme activity,
the reported HPGPC method seems potentially
applicable to other protein purifications.
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