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The alterations induced by different ions and enzyme inhibitors on the kin&se activity of this 
purified fraction are shown in Table 2. It may be seen that 1 mM concentrations of the ions Cus+ 
or Zns+ as well as ~hy~ox~e~~ benzoate completely inhibited the kininol~ic activity; the 
same effect of these inhibitors was observed with brain neutral proteasesP 

TABLE 2. EFFECT OF VARIOUS SUBSTANCES ON TITE INACTIVATION OF BRADYKININ BY PAR~LLY PURIRED 
ENZYME FROM RABBIT BRAIN TISSUE 

Compound 

- 
Iodoacetate 
Ethylenediaminetetraacetate 
8-Hydroxyquinoline 
Diisopropyhluorophosphate 
p-Hydroxymemurybenzoate 
Bradykinin potentiating factor 
Trasylol 
Oxytocin 
CW+ 
Znx* 
coa+ 
Ca2+ 
Mn2+ 
Mge+ 

Concentration 

1mM 
1mM 
1mM 
@3 mM 
ImM 
O-1 mg/ml 
50 &ml 
@2 p/ml 
fmM 
1mM 
1mM 
1mM 
1mM 
1mM 

Inhibition 
(%) 

x 

-0oo 
-100 
-100 
-50 
-50 
-100 
-100 

1:: 

x 

Complete kininase i~ibition was also caused by O-3 mM diisopropy~uorophosphate, whereas 
partial inhibition was verified in the presence of Trasylol(50 pmllml, Bayer) oxytocin (0.2 unit/ml, 
Syntocinon-Sandoz), 1 mM Coe+ and 1 mM CW+. In contrast to most of the brain peptidases,5 EDTA, 
Mgr+ and Mn2+ at 1 mM concentrations were ineffective. 

BPF (100 pg/ml) completely blocked the bradykininolytic activity of the purified fraction of the 
rabbit brain homogenate. This result suggests that the BPF potentiating effects of bradykinin on the 
central nervous system of cats at doses of 20 pg bradykinin and 150 ,ug BPF may be due to the in- 
hibition of the destruction in viva of the poly~ptide by brain kininase. 
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Further study on purifiration of hog pancreatic kalliiein 

(Received 16 Judy 1968 ; accepted 30 August 1968) 

RECENTLY many biochemists have focused their attention on the kinin-releasing system and its pharma- 
cological, physiological and pathological effects or roles, and have isolated kallikreins from many 
sources. It is somewhat difficult to obtain large quantities of pure kallikreins and, since hog pancreatic 
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kallikrein is the material that has often been employed as the fundamental kinin-releasing enzyme, 
it seemed necessary to obtain large quantities of the purest hog pancreatic kallikrein in order to 
pursue studies in this system. 

The method employed in this paper was further developed and modi6ed from the method de- 
scribed in our previous papers.r-10 

Minced hog pancreas was allowed to autolyze at 15-25” for N-24 hr and was extracted with 
aqueous solution at pH 6.0. The suspension was heated at 55” for 5 min and, after cooling, was ad- 
justed to pH 4.5, brought to 30% (v/v) in acetone, then filtered in the cold. The supematant solution 

Minced hog pancreas 

autolysed and extracted, lS”-2S”, 18-24 hr, pH 60 
I 

heated SS”, 5 min 

adjusted to pH 4.5 
acetone added to 30% (v/v) 

supematant 
diluted 
DEAE-cellulose absorption at pH 7.0 

absorbed DEAE-cellulose 

eluted chromatographically 
with 0.6 M ammonium formate at pH 6.0 

eluate 

added acrinol at pH SO 

ppt. 

adjusted to pH 7.8 
further added acrinol 

I 
spt. 

I 
PT’. 

extracted with 4-S % (w/v) ammonium 
acetate, pH 4.5 

extract 

added acetone to 75% (v/v) 

PPt. 

adjusted to pH 4.2 in distilled water solution 

spt. 

I 
added acetone to 67 % (v/v), pH 7.5 

ppt. 

Hydroxyapatite column chromatography 
with gradient elution 

0.01 M phosphate buffer, pH 6.8 
0.15 M phosphate buffer, pH 6.8 

Sephadex G-100 gel filtration 
with distilled water 

I 
Final preparation 

FIG. 1. Purhication of hog pancreatic kallikrein. 
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FIG. 2. Disc e~~fro~ha~j§ of hog pancreatic kallikrein. 1 = crude preparation, 20 FU(Bs0; 
2 = fraction after hydroxyapatite chromatogmphy, 9%) FU/EWJ; 3 = the final purest 
preparation, 1200 FU/Ezso. Current = 25 mA per gel, lSO-200 V, 90 min. Stained with 1% 

(w/v) amide black 10 B. 

B.P.-facing page 550 



FIG. 3. Immun~i~trophoresis of several preparations of hog pancreatic kallikrein. I (upper 
and Iower) = fraction just before hydroxyapatite chromato~aphy, 155 FU/Ezao; 2 (upper) = 
crude preparation, 20 FU/Ease; (lower) = fraction after hydroxyapatite chromatography, 
950 FU/Easo; 3 (upper) = crude preparation, 20 FU/Ezao; (lower) = final purest preparation, 
1200 FU/Eess. Electrophoresis: 75 mA, 100-l 60 V, 90 min. Diffusion: 36 hr at 4” on slide glass. 
Medium : 15 % (w/v) agar gel with Tris-HC1 buffer, pH 8.5, p = 0.05. Antiserum was prepared 
in rabbits injected with crude hog pancreatic kallikrein (20 FU/Ezso), total 1500-2000 FU with 

Freund’s complete adjuvant, then given booster injections a few times for 3 months. 



Frc. 4. Ultracen~jf~~l analysis of the purest hog pancreatic kallikrein. Protein concentl 
= 7-2 E2sojrnl in @=I M phosphate buffer, pfl 6.8; 55,430 rpm; temperature 88 f 

Photographs were taken 41 min after the start and at ldmin intervals thereafter. 
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was subjected to the following steps: DEAE-cellulose treatment, acrinol(2_ethoxy-6,9-diamino-acri- 
dinium lactate) precipitation, extraction with ~rn~n~urn acetate, acidic pH treatment and acetone 
precipitation, methods which are similar to those described in our most recent paper,‘* except for 
the modibcation of pH in the aerinol precipitation illustrated in Fig. I. 

The material obtained after acetone 67 % (v/v) precipitation (120-160 FU/FZSO) was further purified 
by chromatography on a hydroxyapatite column (I-6 x 25 cm) equilibrated with @Ol M phosphate 
buffer, pH 6% Elution was carried out with an increasing buffer gradient of 0.01415 M phosphate, 
pH 64 (flow rate 6-O ml/hr). Active material appeared in one peak eluted with 0.08 to 081 M buffer 
and its purity was about 1000 FW/Easa, although it still had trace impurities (see Fig. 2). This fraction 
was pooled and ~~~~u~ a Sephadex G-100 gel column equilibrated with freshly distilled water. 
Material with a purity of 1200 FU/Ezsa was obtained (yield 6-9 per cent, 2280-fold purification, cal- 
culated from the starting extraction material). As shown in Figs. 2-4, this material was clearly found 
to be homogeneous. 

The molecular weight of the purest kallikrein was estimated to be 25,200 by sedimentation equili- 
brium, althaugh the previous result was 33,000 with our 570 FU/mg preparati0n.s Qualitatively the 
amino acid and sugar composition was similar to that previously reported by us.8~ 7 As shown in 
Table 1, the enzyme activities of the purest kalhkrein were measured and compared with vasodiiator 

TABLE LCONPARISONOF BIOLOWXL,ESTEROLYTICANDPROTEOLYTIC ACTKMTY~IT~~ VARIWS PURITIES 

OF Ho0 PANCRPATK KALLIKREIN 

Vasodilator Proteolytic 
a&&y* activityt 

67 % acetone 
1:; z 

176 
precipitate 73 

Eluate, hydroxyapatite 702 217 column chromatography 1035 221 ::; 

Se&&&z G-f00 gel 1250 1126 232 260 < < @Of 0.01 

* Dog assay was done for vasodirator activity.10 
T Substrates for esterolytic and protolytic activities were TAMe and casein 

respectively. 

activity. From these results, the purest bog pancreatic k&I&rein can be said not to have caseinoiytic 
activity. The purest material was found to be unstable under conditions of complete dryness and, 
therefore, all studies were performed based on Ease without dryness. Quantitative determination of 
protein with this material was also carried out by the method of Lowry et al.,il with bovine serum 
albumin as the protein standard. Since 1 Ease of the purest kallikrein corresponded to about 0.5 mg 
of the dried protein, the specific activity, indicated as FU/mg, would be assumed to be much more 
than 1200. 

Recently, properties of hog pancreatic kallikrein were reported by several investigators+~~ and 
some discrepancies concerning molecular weight. specific activity and the possibitity of artifact during 
treatment were discussed. Our purified material was aIso somewhat different from those previously 
described. It was reported by Werle et ai.r4, l6 and by Habermann 18 that more than one kallikrein 
is present in hog pancreas. However, the present results do not allow a selection of which of these 
kallikreins corresponds to our purest kallikrein. Our studies on purification are being continued in 
order that large quantities of the purest material may be produced, so that the above questions may 
be answered. 

Laboratory of Physiotogicd Chemistry, 
Science University of Tokyo, 
12, Ichigaya&makawara-Machi, 
Shinjuku-ku, Tokyo 162, Japan 
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Oxidation of styrene in liver microsomes 

(Receiued 18 March 1968; accepted 24 May 1968) 

DIIWDRODIOLS are metabolic products of oxidation of aromatic hydrocarbons such as naphthalene 
in mammalian liver microsomes .ly 2 Oxidation of the nonaromatic double bond of some cyclic 
compounds to glycols has also been demonstrated. Thus, dihydronaphthalenes and indeneQ give rise 
to glycols in mixed-function oxidations in liver microsomes. 

El Masri et al.5 showed that rabbits fed styrene (phenylethylene) excrete the glucuronide of pheny- 
lethylene glycol in the urine. We have found that the dihydroxylation of this noncyclic olefin occurs in 
the microsomes of mammalian liver.6 This communication describes some of the characteristics of 
glycol formation from styrene. 

The enzyme preparation was the rcconsituted lyophilized 9000 g supematant fraction, prepared as 
previously de.scribed,4~ 7 from homogenates of livers of male Holtzman rats or male New Zealand 
White rabbits that had been injected i.p. with sodium phenobarbital, 75 mg/kg/day (rats) or 15 
mg/kg/day (rabbits), for 4 days. The last injection occurred 20 hr before the animals were killed. 
Incubation, deproteinization and extraction of glycol with ethyl acetate were carried out by methods 
similar to those employed for the study of indene metabolism? The substrate solution containined 50 
pmole styrene in 0.5 ml dimethylformamide. The recovery of added phenylethylene glycol in the 
extraction procedure was essentially complete. 

Gas chromatograms of the extracts in two different systems are shown in Fig. 1. In each case, peaks 
were observed in the chromatograms of experimental extracts which were identical in retention time 
to those given by authentic phenylethylene glycol. All other peaks in the experimental chromatograms 
were matched by peaks in those of blank samples prepared as above, but with the styrene and 
dimethylformamide added at the end of the incubation period, immediately before deproteinization. 
In each system, two peaks were observed for phenylethylene glycol reference samples and cor- 
responding peaks were obtained from experimental extracts. This phenomenon was investigated with 
the OV-l/OV-17 column. One peak varied in height over a lo-fold range proportionally to the 
amount of glycol injected, whereas the other was not proportional to sample size, but was relatively 
constant in height. This is also shown in tracings E and F of Fig. 1, in which one peak was higher 
in the chromatogram of an extract made after 60 min of incubation than in that after 10 min, whereas 


