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Isolation and Component of Rare Acidic Protein in Mammal Organ

Part 1 Isolation and Some Chemical Properties of Acidic Protein in Bovine Liver
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Introduction

The study on the existence and the isolation of
acidic protein was carried on by some investiga-
tors1~6) in biochemical and chemical fields. Recent-
ly, one kind of acidic protein was interested by a few
of medical or physiological investigators especially.
Moreover, this study becomes one important subject
in medical and biochemical field, because this pretein
may be related to transmission of information in
nervous system. At first, a bovine liver was selected as
one representative example of mammal organ. So, this
rare acidic protein was tried to be isolated from the
bovine liver which was possible to be obtained freshly
at slaughterhouse. And some chemical properties of
acidic protein were determined. Also, the existence of
v-carboxyglutamate was recognized as the chemical
component of rare purified fractionated acidic protein
by means of amino acid analyser and other analytical
treatment. And other part related to this point may
be published on the next paper.

This study was one part of investigatation that was
carried out at Abteilung Enzymchemie, Institut fir

Biochemie, Georg-August Universitit, Gottingen.

Experimental and Results

This experiment was repeated 5 times. So, the repre-
sentative experimental results were published on this
paper. The shown charts were representative among

other many charts obtained. Also, some parts of this
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experimental procedure were described detailed.
However, all detailed procedure could not be de-
scribed depending upon the pagination. Then, other
rest parts of this experimental procedure and the
related parts may be published on other paper.

The fresh bovine liver was transported on ice from
the slaughterhouse to the laboratory at the university
eary morning. The only pure liver tissue of organ was
separated exactly from epidermis, vein, artery, and
other impure unexpected tissues. After the pure liver
tissue 2.55 kg was separated from the whole fresh liver
4 kg on ice, the separated cut part of the pure tissue
was homogenized with 0.1 M potassium phosphate
buffer solution (KH,PO,, K,HPO,, adjusted to pH
7.1) 10 ¢ which contained 1 mM EDTA and 55%
(NH,),SO, at a refrigerated room (2°C = 0.5°C).
Each 2 2 was homogenized under the condition that
rotation (6000 rpm) for 60 sec and successively stop
for 2 min, rotation (10000 rpm) for 30 sec and succes-
sively stop for 2 min, and rotation (10000 rpm) for 30
sec were performed to keep the biochemical speci-
ficity. After the homogenized solution was allowed to
stand at the refrigerated room overnight. And each
3 2 was centrifuged at 4.2°C and 4200 rpm for 35
min. After the collected centrifuged solution was
centrifuged again, the supernatant part obtained was
4.27 2. So, after (NH,), SO, 1330 g was added in the
4.27 9, the solution was allowed to stand at 4°C =
0.5°C overnight. And the solution of 85% saturated
(NH,), SO, was centrifuged at 4.2°C and 4200 rpm
for 2 hrs. The precipitate was dissolved in about 500
mQ distilled deionized water. And it was dialyzed with
distilled deionized water 5 2 at 4.0°C ¢ 0.5°C for 1 hr.
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" Successively, each new distilled deionized 12 was

changed four times during 4 hrs. Moreover, it was
continued to dialyze with 0.01 M phosphate buffer,
pH 6.8, 52 for 1 hr. and 0.1 M phosphate buffer, pH

7.1, 59 for 1 hr. And it was allowed to stand over-

night at 4.0°C + 0.5°C. Next, it was dialyzed with

“ distilled deionized water 52 for 1hr, 0.1 M phos

phate buffer, pH 6.8, 52 for 1.3 hrs, and 0.1 M
phosphate buffer containing 0.1 M NaCl 5 ® for 3 hrs
at 4°C + 0.5°C. The dialyzed solution was 1.06 2.
The protein content was 18.4 mg/mg (Biuret reaction,
546 nm).

The pfotein sample was fractionated with DEAE-
Sephadex A-50 column 50 x 170 mm which was
prepared from 22 g dry DEAE-Sephadex A-50, 0.1 M

- phosphate buffer, pH 7.1, containing 0.1 M NaCl, 500

280 nm-

0.17M - o0.22M 0.40M

mg, in a incubator at 100°C + 1°C for 3 hrs. The
spontaneous flow rate was about 250 mQ/hr. Then, it
was adjusted to 40 m@/hr for overnight running. This
column chromatography was performed in circulation
system of regurated temperature, 2°C  0.5°C. Of
course, the collection or fractionation was performed
at the same temperature. And the concentration of
NaCl was changed step by step, 0.1 M, 0.17M,0.22 M
(Peak A), and 0.60 M (Peak B). Then, the DEAE-
Sephadex A-50 chromatographic result is shown in
"Fig. 1. ) )

Peak A (fraction number, 95 ~ 103) and Peak B
(fraction number, 121 ~ 130) were lyophilized to keep
the sample in frozen after dialysis respectively.

The one part of the typical fraction, Fr. 98 100uQ or
Fr. 125 100 uR, was determined with Biuret reaction

continued

0.6 0M

LI

Fraction number

Fig. 1. DEAE-Sephadex A-50 chromatography

(546 nm) respectively. The.protein content of Fr. 98
or Fr. 125 was 0.68 mg/mQ or 0.44 mg/m® respec-
tively.

And, alkaline hydrolysis with KOH was carried out
against Fr. 98 or Fr. 125 respectively. For example,

. after 4N KOH 1 mQ and Fr. 98 1 mR or Fr. 125 1mQ

were incubated at 110°C + 1°C for 20 hrs in Teflon
tube, each sample was neutralized with HCIO, in ice
and was centrifuged. And it was analyzed with higher
voltage electrophoresis { paper, 3000V, 45 min,
spotting — dried with blower — wetting with capillary
phenomenon (pydrine — acetate buffer, pH 4.3) —
electrophoresis (attend! mobile direction) — dried in
oven (Umluft — Frischluft) 100°C, 5 min — dip (Nin-
hydrin 0.2%. in acetone) ~ dried in -oven (until the
spot appeared, 100°C) }or high voltagé thin layer
electrophoresis (DC — Fertig Platten CEL 300-25,

" 500V, 45 min, pléte cooling system, spotting —» drigd

with blower — spray (pyridine — acetic acid — water)

— dried in oven, 15 min, 100°C — electrophoresis —
spray (Ninhydrin Spriihreagenz 0.1%) — dried in oven,
5 or 10 min, 100°C.

The guide samples used usuélly were Aspartate
(Asp), glutamate (Glu), y-carboxy glutamate (Gla) in
several concentrations and spotting amounts respec-
tively or in mixing. Also, the relative interesting guide
samples were serine, serine derivative (deriv.), threo-
nine, threonine deriv.,, Asp, Glu, cysteine, cysteine
deriv., and proline deriv. in mixing or individually.

Also, this high voltage thin layer electrophoresis
could be applied on semiquantitative analysis. How-
ever, the volume of spray reagent had to be constant
especially!

Moreover, Sephadex G-10 column (16 x 910 mm,
prepared from Sephadex G-10 80g and 0.05M
phosphate buffer, pH 7.13 at 110°C) was used to
chromatography Gla, hydrolyzed A, and hydrolyzed
B respectively. This procedure was useful to purify
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the sample from contamination of salt or others. Of

course, the fractionation of each sample with this
column was performed to obtain high purity. This
chrométography was carried out at the same tempera-
ture as the DEAE-Sephadex A-50 column. Then, the
Sephadex G-10 chromatographic results are shown in
Fig. 2.

The authentic y-carboxy glutamate- was prepared by
the complete chemical synthetic procedure in
Miinchen Universitit. The purity and some chemical
properties could be understood with the shown chart

in Fig. 3 (nano mole order). But the purity was

Intensity
Intensity

Elution time

Fract.mun. Fraction number

Fig. 2. Sephadex G-10 chromatography

guaranteed in picko mole order using fluorescence
analyser. So, this Gla was used as the standard sample
in various analytial procedures in this experiment. .

The hydrolysis procedure with alkaline solution was
performed in special polytetrafluoroethylene tube
which was set in hard glass test tube under high re-
duced pressure. Namely, after the sample and alkaline
solution poured into the reaction tube was frozen in

liquid nitrogen, the reaction tube had to be sealed .

under high reduced pressure before the contents
melted again. Then, after sample solution 1 m2 and
4N KOH1 mQ were sealed in the tube, the reaction
tube was heated in oven at 110°C + 1°C for 20 hrs.

B

Intensity
Chromatogram of J~ carboxyglutamte

Fig. 3.
After the hydrolyzed solution was neutralized with
70% HC'IO4 in crushed ice using pH meter, moreover,
fine neutralization was performed with 2N KOH and
10% HCIO, . The neutralized solution was centrifuged
at 0°C ~ 3°C for 5 min at 4000 rpm. The chemical
components of the supernatant 100 uR were deter-
mined with precise amino acid analyser which de-
signed by Merck Co. The elution time of alkaline
hydrolyzed components of purified acidic protein was
shown in Fig. 4.

The hydrolysis procedure with acidic solution was
performed in special reaction tube under high reduced
pressure. This case had to be paid much attention
than the case of alkaline solution. After the sample,
acidic solution, was poured into the reaction tube, the
contents in the tube had to be frozen completely with
liquid nitrogen. So, the frozen acidic solution had to
be sealed during the solution was frozen. The HCl
releases at melted state. After the sample solution
many fractionated fractions was performed in orderly
as follows; the peak fraction and the several fractions
of the both outsides of the peak fraction were electro-
phorezed at the first step, the several fractions of the
both outsides of the determined fractions of the first
step were electrophorgzed at the second step, the
several fractions of the both outsides of the deter-
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Elution Time

Intensity

Fig. 4. Chromatogramof alkaline hydrolyzed protein

1 me and 4N HCl 1 m® were poured in the reaction
tube and it was recognized the complete freezing, the
tube sealed under high reduced pressure. The sealed
tube was allowed to stand in oven at 110°C ¢ 1°C for
20 hrs. After the hydrolyzed solution was neutralized
with 6N KOH in crushed ice using pH meter, more-
over, fine neutralization was performed with 10%
HCIO, and 2N KOH. The solution was centrifugued
according to the procedure of neutralization of
alkaline hydrolyzed solution. After the precipitate
was separated, HCIO, 1 mQ was added into the super-
natant in crushed ice. Then, the solution was centi-
fuged again like the above described centrifugation
procedure. After the precipitate was separated, the
supernatant was neutralized with 2N.-KOH using pH
meter. Its solution was centrifuged again likg the
above described procedure. It should be noted that
the production of precipitate was affected with the
temperature. Also, the volumes of solution and super-
natant should be determined to decide the concentra-
tion of component. The elution time of acidic
hydrolyzed fraction of purified acidic prc;tein was
shown in Fig. S.

The alkaline hydrolyzed proteiﬁ was determined in

Elution time

Insensity

Fig. 5. Chromatogramof acidic hydrolyzed protein

comparison with Gla-containing amino acid mixture
by high performance liquid chromatography (HPLC).
Asp, Thr, Ser, Glu and Gla were recognized. HPLC of
Gla-containing amino acid mixture which was standard
is shown in Fig. 6. The detailed description may be
reported on other paper closely.

The other chemical properties of acidic protein were
studied with polyacrylamide gel electrophoresis. After
each fraction eluted from Sephadex column was
checked with absorption at 280 nm, they were deter-
mined by usage of the polyacryamide gel electro-
phoresis. Then, the electrophoretic mobilities of the
fractionated sample fractions related to the objective
protein were more faster than bovine serum albumin
(BSA) that was used as one standard sample. The
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Fig. .6. HPLC of Gla-containing amino acid mixture
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7.5% polyacrylamide gel of purified
rare protein

The mobilities and the fragments of

the related important fractions are
compared with BSA.

representative results were shown in Fig. 7.

The determination procedure of each fraction of
mined fractions of the second step were electro-
phorezed at the third step, and so on. All many
important fractions were electrophorezed according
to such a method.

The electrophoretic analyses of unusal acidic protein
fractions were performed with 7.5% polyacrylamide
gel as one analytical method. Also, 15% polyacryl-
amide gel method was applied for it. The former was
better than the latter. The components of 7.5% poly-

acrylamide gel were shown in Table 1.

Table 1 Components of 7.5% Polyacrylamide Gel

TRENN GEL SAMMEL GEL
30% Acrylamid 7.5 m@  Destillierted Wasser
Destilliertes Wasser 8.0 mg
147 me  30% Acrylamid 1.0 me
1.4 M Tris-HCI Puffer 1.4 M Tris-HCl Puffer
(pH 8.9) 7.5 me (pH 8.9) 0.5 me
0.06% N,N,N,N-Tetra- 0.06% N,N,N,N-Tetra-
methyl ethylendiamin methyl ethylendiamin
20 uf 20 uf
5% ammoniumpersulfat 5% Ammoniumpersulfat
0.4 mQ 0.2 mg

Bromophenol blue (BPB) was used as a marker dye.
And bovine serum albumin (BSA) was used as a
standard protein sample of mobility, molecular
weight, and other chemical properties in electro-
phoresis. Also, 1.5 M saccharose 100 u?, 0.05% BPB

50 ug, and sample 300 u®, 100 u?, 50 ug were respec-
tively used for electrophoresis at 30 mA, 60 V for 2.5
hrs ~ 3.5 hrs. The fast moving fraction was one

objective substance in comparison with BSA.

Discussion and Conclusion

Some new points, some improved procedures, im-
portances and characters in this experiment were
discovered as regards the recognition of existence of
rare acidic protein. So, the representative several
points are shown in the following several sections.
Also, the author paid attention to the following many
points.

This liver that was selected as one representative
sample of mammal organ had to be fresh and clean as
possible to avoid biochemical emzymic reaction,
microbial action, and other changes. The investigator
must pay his attention for defense of occurrence of
these negative phenomena in his experimental pro-
cedure, but many investigators neglect such an im-
portant points generally.

Next, it was general case that the contamination of
epidermis, vein, artery and other impure tissue existed
in the separated tissue. The very small amount of con-
taminator exerts very important influence on the
analysis of amino acid sequence, component, and
molecular structure of tissue. This remove of these
contaminators was very difficult partially, the author
gave attention to the change and the contamination.

The authentic ~-carboxy glutamate (Gla) was
prepared by organic chemical synthesis as one very im-
portant standard sample in this experiment. The
amount of standard sample is required to get in gram
order at least, because many analytical reactions had
to be performed. The standard sample has to be
constant against various determinations. Generally,
the usage of the standard sample that was prepared at
the same time is better than the standard sample pre-
pared at each time. Also, such an authentic synthetic
standard sample is better than the standard sample
isolated from the natural product. Because, the latter
in large scale does not keep the extra high purity

generally. And the separation of very small amount of
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impure material is so difficult. However, in the case of
simple structural compound except complicate struc-
ture, the chemical synthesis is more efficient than the
isolation from natural product. Of course, its
chemical synthesis was not so easy. On the other
hand, the isolation and purification of Gla in gram
order from the natural product were very difficult im-
possibly.

After  the homogenization and the extraction of the
acidic protein, the centrifugation and the precipitation
of it were performed. The above described procedure
is usual one that many investigators carried on. But,
in this experiment, the first precipitate was dissolved
again. Successively the second homogenization and
the second centrifugation were performed. This
procedure was important and improved points to
obtain the high pure sample. Moreover, if this pro-
cedure was repeated again, the recovery may decrease.
It was considered that the performance of other
procedure might be better than performance of the
same procedure three times and more. However, the
repeat once was useful to obtain the high pure sample
in comparison with the non-repeat.

Gla was recognized with alkaline hydrolysis from the
isolated acidic protein which was rare in natural organ.
This evidence of existence of Gla meaned that Gla was
one cémponent of the acidic protein. So, in the
sequence of amino acid residure in acidic protein, Gla
was situated on one decided position. Perhaps, Gla
may be situated on terminal position than interme-
diate position. On the other hand, the mobility of the
fragment was very fast in electrophoresis. It meant
the acidity of the fragment. Also, the molecular
weight of the fragment may be not large. This
hypothsis was induced from this experimental results,
but the direct proof was not yet performed. And it
may be performed closely by high precise amino acid
sequence analyser with computer directly.

On the other hand, amino acid anlyser proved that
the acidic protein contained Asp, Thr, Ser, Glu, and
Gla exactly. The peaks of Asp, Thr, Ser, Glu and Gla
were recognized with those authentic standard samples
respectively. The chromatographic determinations
regarding the component of rare acidic protein showed
the five identified peaks and other peaks which were

not yet identified. As these identifications were not
5o easy, they may be identified with other high precise
amino acid analyser.

The acidic hydrolysis did not show the existence of
Gla against the isolated acidic protein. The result of
acidic hydrolysis was different from the result of
alkaline hydrolysis. This result induced one hypothe-
sis. This acidic hydrolysis under reduced pressure at
110°C might make possible the conversion of Gla into
the other compound. The other compound may be
Glu, because the peak and the aera of Glu became high
and large in comparison with the chart of alkaline
hydrolysis. If the cautious conclusion is required, the
direct conversion reaction of Gla must be proved
prudently. Then, this physicochemical conversion
reaction was tried to determine under several reaction
conditions. So, the results may be published closely
on the other paper. Also, the following hypothesis has
to be detected closely and may be proposed in near
future. As one reason of this conversion, the hypothe-
sis induced the theory as follows; the acidic condition
changed from dicarboxylic to monocarboxylic and
might produce the release of carbon dioxide from one
carboxylic radical among two carboxylic radicals of
Gla. It is not so difficult that such a reaction of
decarboxylation may be activated under the proton
rich condition. The electron distribution is localized
for the unbalance between two carboxylic radicals and
one amino radical. So, carbon dioxide may be possi-
ble to release easily. On the other hand, Asp, Thr, Ser
and Glu were stable under this proton rich condition
like condition of alkaline hydrolysis. Then, it was
hypothesized that Gla was possible to be transformed
into Glu. Thus, the same sample produced the two
differnt results under the two kinds of condition. The
difference or change was depended upon the condition
that free proton affected the electron of molecule.
The change that the molecular structure of Gla was
transformed into the molecular structure of Glu under
decarboxylation was illustrated. This illustration may
be shown closely on the other paper.

The thin layer electrophoresis was useful to identify
the component of alkaline hydrolyzed protein. The
0.5 mm thickness of layer was better than the 1 mm
thickness. Much sample against 1 mm thickness was
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impossible to separate as the tailing appeared. Less
sample against 0.5 mm thickness showed nice result
that each spot separated completely.

The volume of spraying of spray reagent was studied
on.the basic viewpoint. From the determined results,
the volume controlled whether the -detection was
successful or was unsuccessful. So, the volume had to
be constant for success. Also, the measured spray
bottle made by the author was useful for semiquan-
titative analysis.

Then, many successful results against the identifica-
tion of component of the alkaline hydrolyzed protein
were obtained with the two kinds of électrophoretic
method, thin layer electrophoresis and paper electro-
phoresis.

One part of physicochemical properties of acidic
protein was determined by the polyacryamide electro-
phoresis. This determination was applied to each frac-
tion of acidic protein eluted from Sephadex column.
The determination procedure for many fractions was
improved by the author like the above descriptions.
So, the fractions that contained much sample were
determined early. And the fractions that contained
less sample were determined late. Such an analytical
procedure was one of the method improved by the
author. This determination method performed
according to the necessity of the objective compound
is useful to reasonable anslysis.

The chromatographic procedures were improved by
the author. For example, when DEAE Sephadex A-50
column was prepared, dry DEAE Sephadex A-50 was
treated with two kinds of phosphate buffer solution in
oven. Namely, one kind was the phosphate buffer
solution contained 0.10 M NaCl, another kind was the
phosphate buffer solution which did not contain 0.10
M NaCl. The latter was used in the general case.
However, the former was better than the latter.

Summary

The bovine liver was selected as the mammal organ,
because it could be obtained under most fresh condi-
tion. One kind of acidic protein, rare acidic protein,

was fractionated and isolated by means of partition

column chromatography (main column: DEAE-
Sephadex A-50, others) from the fresh bovine liver
that the epidermis, vein, artory and other impure
tissue were cut off carefully. These acidic fractions
were more faster than bovine serum albumin in screen-
ing of polyacrylamide gel electrophoresis. And the
electrophretical fast fractions were lyophilized and
were purified. Then, each purified fraction that the’
electrophretical property was equal was combined.
So, its fraction was hydrolyzed to analyze the com-
ponent with 2 N KOH.

In the typical chemical components of acidic protein
of the only liver tissue isolated, y-carboxy glutamate,
asparatic acid, and glutamic acid were detected by
amino acid analyses, high voltage paper or thin layer
electrophoreses, precise amino acid analysis, and high
performance liquid chromatography. Especially, the
isolation of y-carboxy glutamate that several chemical
properties were determined is one important projec-

tive point.
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Foot note — As the pagination for one report is limited
by the budget, this report had to be shortened.
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