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STUDIES ON PROSTATIC PHOSPHATASE
II. STUDY ON SERUM ACID PHOSPHATASE

Shingo NakaNo

From the Department of Urology, Nagasaki University School of Medicine
(Chairman : Prof. A. Kondo, M. D.)

First, serum acid phosphatase from healthy adult men was studied by column chromato-
graphy with stepwise elution technique using DEAE cellulose. Three distinct peaks of protein
(Fr. I, I and IIT) were obtained and acid phosphatase activity was exhibited in each fraction.

When seminal plasma was added to the same normal serum chromatography demonstrated
extremely increased enzymatic activity on Fr. II and III, which were suggested to be of pro-
static origin.

Chromatography of the extracts obtained from kidney, liver, spleen and red blood cells
suggested that the enzyme contained in these organs was distributed to Fr. I and that in red
cells to Fr. II.

The sera of patients with prostatic cancer, benign prostatic hypertrophy and chronic renal
insufficiency were then chromatographed. Serum from patients with benign prostatic hypertro-
phy and chronic renal insufficiency showed the pattern of distribution of acid phosphatase in each
fraction similar to that of normal serum. However, the enzymatic activity of Fr. 11l of patients
with prostatic cancer revealed 12.6% of total activity, while those of the other cases represented
below 2 %.
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B, fExOEED isozyme B3 5 B
B INTWa, BBiE7r A7 7 Z2—XELD0
T& isozyme %% kD« ORE, FHE
%A TOEERERA BT % . Angeletti 59
1, MmE#E w< DEAE cellulose column
chromatography %477\, IEFHEA & Rzt
BRECREROSMCHE O RERRDD T
ERFEDTNS,

COXSEmELRE L TBETs A7 7
R —EERDEETHC LI ks T, B E
HOF R BT, FREOBKcKEoLEDb
hieoT, EERABT, wivREESE, iz
WRIBKERE, BREefEr b8 bhiiEs
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KBRS LUERRSEE

ERMENCIL, B, R, RES X ORmEkoR
W, EFRBRABT 46, FizifEEs 66l szl
IEARERE 6 Bl BraBE s fAlonmyars LT
v, 1HI0AEFERA BF e Bigd iz
stepwise elution & x5 DEAE cellulose column
chromatography #477c\y, FEHWC BT 2 EH
BLBET + A7y & -2 HEEETRIEL .

1. FfkphHes

T B DB, B, R A R T
B LCHRERE L. chi London and
Hudson? oJFEfévs, B LEY BEELRE
LT, #0 Igm i&o& 3ml » 0.2M acetate buf-
fer (PH 5.0) #I0%C, ¥ CHRE LA DBRK
B TRRIE L. Sk BT IR LT b
column chromatography ok L UTH W=,

FROFROFLHL, MK Sml &\, mESHEE,
ZOMBHC BN AER K IL CLERL, chy
FEWLCEEYTC, EBRCMBEANR RS ET
EEATREK IR VR LBEE L. RECEOERY

TC, Fo ToPREICHIK 10ml % iz« Bim X,
BB OEEETERD L TEE LTV,
2. DEAE cellulose column chromatography
DEAE cellulose % #UKTEELy, 1/6N NaCl i 4
Bl T2~ 3RHHBEL D, #F3A71 08 —%
FUWTUw 5 BARMK TR, 20k 5isiEEy
JE 1/5N NaCl ¢ 1/5N NaOH ¢f3ict, Hliko
pH & —F Ui & e starting buffer (0.0175M
phosphate buffer, pH 7.0) ¢ pH 237,01/ % % C
L 5 BARES . Zh# starting buffer 48
LT, column chromatography i fiv% & CHEE

L.

column 1IHKCEE» 7o &, starting buffer ¢
WAL, BEEDL LW IS5 ER L ¢, DEAE
cellulose N LEE, Ex MLTEHNCOD
5. i starting buffer %A LT cellulose %
Ly, cellulose 23Uw 5 SAK DF o eD% BERL
T, starting buffer 23 cellulose @ _Liic —%%
T5ETHRDY, LERHESE Iml B85, chait
cellulose N X C L% TRz & ¥ starting
buffer # Iml 2##ENCEAL, BRI T LMWc—
HLcE Zfy Sml o starting buffer #EE1,

0 EhBRTEC AR starting buffer 5T L

a Ya vy x—TERL% 120ml (304) L7
» &, B4 0.1M phosphate buffer (pH 6.0)
LT 120ml B0A) R L. REBC BHEY
0.1M phosphate buffer (pH 6.0)+ 0.5M NaCl =
%% ¢ 120ml (304) #HHL 7.

3. BERIEREREOWER X UMHEERR

Zh bR GERCESIECER (R EPU2ARD
THE 280mpy \TEAREHEL L.

s o B 1Bk fEHiE 1%, Bessey, Lowry and
Brock® oFikichE- fo. FHEBERL, L (+) BE
&y Fishman and Lerner® ¥, 7 s+ A=V v L
Abdul-Fadl and King® o FER X - 1.

BEA (A), BREEENTA (B), HERAE
A (C) o3XoRBELHEL, JBE (A) it
FHE (0.01M disodium p-nitrophenyl phosphate)
1ml $8 Xt 0.2M acetate buffer (pH 5.0) 4ml %~
iz, RBRE (B) wid, bl 0.2ml % imx
fo. BEBRE (C) i, miE 0.2ml, 78 1ml, buffer
3.48ml, 0.2M L(+)#EM (IN NaOH < pH 5.2
THRED FAXE% 7+ A=) v 0.52ml g .
hboEs 37°C oEREC0SE-IF TR
34, Ebic IN Na;CO; % 2ml F o4 BEm
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2 CREREEIeRE I, REERET (DR
Mg 0.2ml ML CHEBE U, -KELSIDLEF TH’
B 402mp i CHIRE L7, BAAORMmIE 102 1 B
78T % p-nitrophenol » mM TEb Uk,

[HER T 2R REERECST 5 HBEEOHTHTH
bbbl

4. @ pH

BRI pH & OBIfRE 52 i pH 4.0~
8.2 » 0.2M acetate buffer ¢ pH 9.0 » 0.1M
carbonic buffer i\, & PH ki HERELE
fE&RE L 7.

5, Michaelis (B oE

p-nitrophenyl phosphate %HE L35 Bessey,
Lowry ane Brock® @it disodium. phenyl phos-
phate % % King and Armstrong!® &% %
v, RSEEFPEHEECEMR L 2TRONE
¢, Lineweaver and Burk!® o 5B HE » TRIGHE
ErABRE L OBRERDI.

B ®
1. IEEAME OB

EHHRABFoOmMBELERE LT, column chro-
matography #7177z 5 & Fig. 1 @R % X 5 C&EH
Wie—% LT3 >0EED peak R BII: (Fr. L,
I, IID). = peak w—FH L€ BERFEED IUNRR
bz,

~——optical density at 280 mu

280mye » -~~~ acid phosphatase activity enzymatic

oD, aclivity
' mM/Lrhr
20 0.4
1.0} 005
" \
it \

TweTETo 20 3040 % W%
00175M Phiosphate & 0iM Phosphate  L-0iM Phosphate putter
buffer pH 10 buffer pH 60 +05M NaClL pH 60

Fig. 1 Column chromatography of normal
serum

2. EEAMBCREIEL I B e OB

FEFZABTMmE 3ml w@— A0 BT 1ml % i
% T column chromatography #1775 &, Fig. 2
DX HE Fr. I opREECE, 1BLAE Fuki
Brofzas, Fro 10, I i3 ctEmnssa b,

—— optical density at 280 mu

280 mue ------ acid phosphatase,, activity enzymatic
QD [ activity
o miMA e
20 0.1
10 005
TN 0% 50 4 50 €0 W 80 90

L 005 M Phosphate L 0iMPhosphate LaimProsphate buffer
buffer pH 70 buffer pH 60 +05M NaCl pH 60

Fig. 2 Column chromatography of normal
serum added seminal plasma

3. B, FrE X ORISR O BUE

T R L OCEEO ML AL T column
chromatography #13/x5 & Fig. 3~5 wR73 X5
w2, Fr. 1 21, e Fr. I wfiv BRERE L
NE B,

260 mps enzymatic
oo Nactivity
~——— optical density at 260mu mM/Lbr
------ acid phosphatose activity
20} 20
"9 10

TheMa 0 20 30 4030 60 560 90
Y ooms MProsphate H0:M Phosphate  T-01M Phosphate bufrer
buffer pH 10 buffer pH 60 +05M NaCl pH 60

Fig. 3 Column chromatography of kidney

extract
280mu enzymatic
00 . , activity
- optical density at 280mu.  |miM/l/hr
i e acid phosphatase activity
20 i 20
10 0
il
| A

TN T TI0 #0806 060 80
005 MPhosphate ©-aiMProsphate - L iMPhosprate buffer
buffer pH 70 buffer pH&0 +05M NaCl pH 60

Fig. 4 Column chromatography of liver

extract
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ool activity
optical density at 280 mu M/ e
-------- acid phosphatase activit)
20 phosp activity |
10 10
[ 7 3
TubeNo, 10 20 3046 50 60 0 8 %0
L oo mpmosprate  “-oimprosprate LM Prosprate bufter
: buffer pH70 1 buffer pH 60 +05MNaClL pH 60

Fig. 5 Column chromatography of spleen

extract

4. FRIOERMEE OBE
FRfuRIHB®E oW column chromatography
11705 & Fig. 6 T X 51 Fr. I oZic B

L 005 M Prosphate L-0iM Prosphate
buffer pM10 buffer. pM60

Fig. 6 Column chromat
cells extract

260mu enzymatic
an . activity
ot —— optical density at 280mu | mMA/r
------ acid phosphatase activity
20 20
0 0
/\\
TubeNa 1020 30 40 30 =509

60
Lom Phosphate buffer
+a5M NaCl pM 60

ography of red

5. IEEBRALIUESEERDORR
EEBRART, BFREEH, MIBEEER X OW

SRREAEREOMBELE & LT column chro-

TEHEEO LD Bivie, matography #4775 7z. Table 1~4 13, FERWEA
Table 1 Enzymatic activity of normal sera
Total acid Inhibition rate by
phosphatase | L(+) tartaric acid 12‘1;/.)1 Fg 7? F lé'yl)n
(mM/{/hr) &) ‘ ‘ °
1 0.607 33.3 74.2 23.2 2.6
2 0.738 24.4 77.1 22.9 0
3 0.350 34.5 65.3 34.7 0
4 0.472 28.2 74,2 25.8 0
Average 0.592:4:0.097 30, 14k4.1 72,7%4.4 26.744.8 0.7x41,1
Table 2 Enzymatic activity of the sera of patients with prostatic cancer
Total acid Inhibition rate by
phosphatase | L{+) tartaric acid IZ‘I;/')I F (r 7%1 F (r éz/gH
(mM/4/hr) (&) ° ° °
1 0,438 45,2 51.5 31.6 16.9
2 0.397 42.8 63.1 21.2 15.8
3 0.476 33.2 61.1 24.8 14,1
4 1,052 29.5 55.5 33.6 10.9
5 1,127 29.0 71.0 23.9 5.1
Average 0.69840.267 35.946.8 60.446.7 27.04:4.7 12.6+4.2
6 17.520 91.4 0.1 99.9 0
Table 3 Enzymatic activity of the sera of patients with prostatic hypertrophy
Total acid Inhibition rate by ;
phosphatase | L(+) tartaric acid Fr. 1 | Fr. 1I Fr. 11
DL ey 2 @ % %)
1 0.721 22,6 81.9 15.6 2.5
2 1.563 29.2 78.9 16,1 5.0
3 0.529 32.7 69.3 30.7 0
4 0.796 31.2 79.6 19.1 1.3
5 0.738 36.7 66.8 33.2 0
Average 0.318 43.1 68.9 31.1 0
0.77840.386 32.6£6.3 74,246.0 24,347.5 1.54£1.8
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Table 4 Enzymatic activity of the sera of patients with chronic renal insufficiency

phosphatase | LOs) riade and|  Er 1 Fr 11 Fr. A0
M /0/hey | 7% €) (% %
1 0.652 43.6 75.0 21.4 3.7
2 0.856 33.4 84.7 15.3 0
3 0.529 39.1 70.8 25,7 3.2
4 0.784 36.1 64.8 35.2 i 0
5 0.742 37.3 65.7 34.3 0
Average 0.7130.113 37.943.4 72.227.3 26.4£7.6 1.4£1.7
BFE LOAMEBEEOMERE T + A7 7 2 —¢ o
B, L+ WERIC LS MERD MELE 6 X oms S emyatuse actoity  encymatic
column chromatography #f7/g- C {4 EC 457F oo ;ﬁ%}i{.
THRRITEMOBE LS TRLCHS. 2 o
a. EERIEEE
BEREE UIEA 6 2iRMAT5% L, LEOBERE
Bl TIBMET, FIIRIEARERE 2% 0.778:£0.386 p aos
mM/8/hr & &d B, ThERWTHEREEE
0.713£0.113mM/{/hr, FHZRE FEHEE 0.6984:0.267
mM/L/hr & ERT L, ERRAS T 0.592+ ij\-\

0.097mM/8/hr LB LE . BISZIERE © 161 (EH
6) IEFEBEE L, MEOBEEEME 17.52mM/
L/hr L ZEW IR R L 2.

b. L{(H)BEMIC X 5IEER

L(+)EGEC X 5 RERL, Ff6% W75
L, BRERENEIBELIN.93.4% & o T
D, W THI IS EAE S 35.96.8%, FZRIBLK
FEBE2332.646.3% T, BHENELRLICOIRE
FERABTC30.144.1% TH - o, BIZEEOER)
6 DIERITIFEICE L 91.4% TH » I

¢ . Column chromatography i X % {4HEO B
FiE:

column chromatography %177~ 7o B4 EO B
FIEMEED S ENEC T 5841, Fro I Cikgnz
IR EEI160.4% L1EL, DL DIXTOHE EE -
Cwb, Fr. II Gz, TR_T20%ET KE o
Fopd, Fro I Gix, M2 RS E312.6% L BfEE R
L, fliod ot 2 BELTTH - ke, BILREDORES] 6
CIIEREREOSME, Fig. 7 X0 Table 3 ©
5 Lo, Fro 11 1299.9% L EWHcHE ML, Fr.l
130.1% 2D 5T E .

6. HOEOBBEREE

a. =@ pH

£OED BEEEN oF#E pH # WEL L HRT
Fig. 8~10 R3T 5L CTH 5.

myEciE, Fr. I 23 pH 4.8 iz, Fr. II 4z pH 5.0

Tube Mo o 20 36 40 30 60 70 80 90
t_ao75MProsphotet_01M Prosphate  L01M Phosphate buffer
butfer pH 70 buffur pH60 — +05M NaCl pHé0
Fig. 7 Column chromatography of the
patient with metastatic cancer of
prostate

enzymatic activit
mM/L hr v

40 50 60 70 a0 30
pH
Fig. 8 Optimum pH of the enzyme on
each fractions of sera

. peak ETHHMKEELE T3, Fr.II i pH5.0
I peak & %o, RPFHALMBEETNS.

=, R, SRR o Fro I ok pH 4.8
BEOoBREEEY R THEN SRk, Fr. I <
i3, i pH 4.2 15.21), FFECIE pH 5.0 &
5.41c, BT pH 4.8 @ FhFh peak %30l
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en/z\%n/afic activity
mM e
«--e-:e Spleen BORS
..... -_— A/ dney

02}

A X HEEE, Fr.

& B DB 5B OB RIERIC -3 5 HER
BopElr Table 5, 6 02k thHs, LEE

I ¢51.1%, Fr. I1 ‘C34.6

%, Fr, Il C19.6% CHoTz. 7 A=Y VTL,
Fr. I 7%5.4% &b clESnis, Pr. Izl
, , ‘ = BRI R S e,
40 50 60 0 a0 %0
pH Table 5 Inhibition rate by L(+) tartaric
Fig. 9 Optimum pH of the enzyme on acid
Fr. I (kidney, liver and spleen) Molality | 2x1071| 2% 1072 | 2x107% | 2% 10~
Fr.I (%) | 511 | 25.1 |—17.5 |—23.3
tic activit;
vyl webaitiad Fr. 1l (%) | 846 | 4.2 |-22.3 |—15.8
005) e == Liver ) — —
Y el Fr. III (%) 19.6 41,2 61.8 0
004 e TN N e Kidney
003t .~ Table.6 Inhibition rate by formalin
002 S e Percentage 5 |5x107|5x107 | 5x107
oot ST T,
----------------------------------- R . o = _ e
5 = - - = = Fr. 1 (% 5.4 15.4 15,4 10.2
PH Fr.II (%) | —1.6} —1.6| —4,9| =3.2
Fig. 10 Optimum pH of the enzyme on Fr. I (%) |—112.6 | —93.7 | —10.8 o
Fr. II (kidney, liver, spleen and red ) N

cells)

BRESRN. FRmERo Fr. I ¢k, pH 5.2 5.4

e peak % Lol bR,

B, PR OB oMEK Y D BSRIASE

L ThD. B, HFE

Table 7 Inhibition rate of organ extracts

OEFFRIBERCH T HIRERROBHEIZ Table 7 © &

JEgo Fr. I ¢k L(+)

Kidney ‘Liver Spleen Red cell
Fr. I Fr. II Fr. I Fr. II Fr. 1 Fr. II Fr. II
Inhibition rate by 0.2M
L(+)tartaric acid (%) 44,2 5.3 75.8 5.0 51.8 18.5 —13.4
Inhibition rate by 5% -
formalin (%3 7.7 27.0 11.6 77.5 14.5 50.0 95.5

HERC L D, Thithdd. 2%, 75.8%, 51.8% & H
7ORRE SNT B8, 7420V CRT.7Y%,
11.6%, 14.5% L% ¥ hBEIRTCoigys, Fro ¢
5.0%,
DIHEIRT, 7r <YV VTE2.0%, T7.5%,

L(HBEEBCL D 5.3%,

11 i3,

18.5% L5 ¥

Table 8 K, values of each fraction

50.0% L s DB ENTWA. FRilnEREHED Pr.
L) EREEC X b BEIN,
Ti95.5% & BIFRECHEI L5,

¢, &4Eo Michaelis B (Kn)

Fr. I, II, IIT o K, fHix Table 8 & %5 X 51

Tr=<yYV

Fr. 1 Fr. II Fr. 111
p-nitrophenyl phosphate 3.3x107M 1.2x107M 1.9x10™M
disodium phenyl phophate 3.0X107EM 5.3%x107*M 4,6X1073M
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p-nitrophenyl phosphate ¢i¥, #ihFh 3.3x10-3
M, 1.2x10—°M, 1.9x10~“M 3% b,. disodium
phenyl phosphate &%, Fh%h 3.0x10-2M, 5.3
x10-3M, 4.6 x10-3M CH - 7=.

E %
1. MEEE s A7 r 2 —BiEEERS L O
I‘ﬂ%%%ﬁvco W

EFERATB TR L CAEEBEE O MBI
Tx ATy B—2 EEE B LU L) BEAE
Tk BAER: Tabel 1~4 IK/RLTW5, L
HOBRFEETR, FEEXH0EHDTH
WEZE R LRI RIEOES 6 2R3 5 &,
ARG R FE BB 23 0.77840.386mM/L/hr &
ok bE <, FilRmEAEZEE 0.698 £ 0.267
mM/8/hr EERLBE L DEWELZRL .
bolbENDE, EERABTCH- 2.

L(HBEER X% HEX Tk, wiiE
OEMAEERML L S>KBRALTE B L, B2
BER3T.ILT.3% Lbo L bRWIHERLR
L, BivIREESZ LR T35.946.8%
Thotz. bo & bEWHEEXRLRLZ2DRIE
HFERAFRFTH- 2.

Mathes 5 1%, FIZEREEE © mMEMBYE
7r A7y 2 —EEEREE L (+) BABIC X
BHEERE TR T3, BER, HiRkE
A EDEBERYET 50 TR, EHACH
VRIEAERAC L BREEHER BiEx =
L, L(HEEE L HERCTS, HiFk
Ba2ET530TR, BEOCEECH»»bBT
70~80% OEVWHER LR LR, ERERL
HLEWbO T, s EvyHIFEREEE 0%
SEL DRIERARL, & vERERE TR,
EEEALBERUHER TS eBEL T
w3,

Kurtz and Valk?® px, 253 £o giszifEs
# & 100 Ao BYERIARIEARERE © &Rk
Ty A7 v & —CIEMME L I RERE T - A
7y #—EiENEE (LEFBC L oEEILS
D) EEPWELTWw S, mhik, FIZEES
Ew ARCHT, TCRRALEVRRSE RE
BREWM AT 70 - kBECR, MBE2EEER &
BRI E & b EREHEC 5 5 & D469

%% ED, EELZT Thnb O TR, BiZE
KRBL T35 T8lY%, RToREEHE T3
BECATY, BEBL R T 2R T2 % NIEE T

Lino T, BIVIRIEKERSE CRI3%HIE
HHETH- e, BHRRZRCERL W27
HDEFICx, BE7r A7 7 2~ I OH]
IR T s A7y £~ EDHEDOERIE D
FODHRWELTWS, ZDffl, Fishman and
Lerner! 3 Lgo Nobles Y HiEEEO B
BrREL TS,

HFO WLEO EHTH, FER 6 & R
i, WRACEBRRD b, BfEERE T
5O TMESEREEEZXSEVE KL,
L(DOWEFREE ks HE S xhig & HL ab
2RkbOBbhs. Ef 6 REEEY R LE
TURESTH DT, BRIEEHEDIETOHN
0B HML, HEEBILAY & fllic { BRT
%%K%ﬁxo 7z,

O XSO RREBREHE TS5 X5 R
VEOES RS EOWE R E e
KroRMIC % & Bbh s s, RO
BRET2 X5 REG T, BERIGHEES X ol
ERREERCH 2 LONKRBHTTHD, £0
ZMEAE R D s Bb 3,

BREBEDOMBHBE 7 » A7 r 2 -
B, FIVIRIERERE KRG T, SR EW
EEZARL T %23, FEFOHT 1 FIERER
RHBNCHBTL w2 BEThy, HREE
EHC MR BN 21T 7% » T B IEMEE T LA
F-ch 5. Schoenfeld B &, AMEBER,
BUEEES LORFER EALHESBTRLE
ZOMBBEE7r A7 » 2 —EEXEEL, R
RERO LR LR WEACHL, REEE
DEFARES O TR, RT3 o Tk
Tx A7 7 & —EEEREEL R TEA S
FTAHEBRTNWS,

2. Column chromatography & X 2 &/ H
BT BBE7r A7 7 Z—EDOSHE L%
OOV T

EFERABFomBELZRE &1L T,
chromatography %477\, Fig. 1 © X3k
Fr. 1, II, 1T o 3 oD&EHD peak % W,

column
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chic—H LU C@BE7r 27 r 2~ EEEED
LA FD Tz, ~

B, PR, s X ORmEkRo K AR
%t L« column chromatography % 7745
&, Fig 3~6 o x> i3T5, B,
FERE, Mg, Frol edivBiE 7, 277
2 —CEEEO LN R b, Thickw T Fr.
Iz, Fr. I g bRTeRENREE S ARTE
HEOIUEZ D T\ 5, FimERO MR T,
Fr.ll oacBEREEECILNRA&BRE, Th
LOESHED peak OMHER EHT, L+)
BEERE 7 x A=) VEAWTREERE T
5& Table 7 X5k noiz. BE® Fr. 1
FL(HBEARBIC - T44.2% BE ShTs
v, I, B Fr. 1 $75.8%, 51.8% &
PO EINRTWS., LrL7r A=Y
VT, B, i, BErde Fr.li b
FOHEIhTWiW, 2o X3 Fr. T,
L(BEARB cXonko B AESh, 7
F A=) VTRIEEOVHEEIR T W ENS
HTHBLTWS, Fr. 11 o HEEBRKEL
T, Fr. I OB LRL TS, RO
O Fr. 1l 117> A=) vT95.5%&3EEE
wiE s, B, R BEo Fr. 0 ¢
i OERN B, L) A Tk, &
Mmoo Fr. 11 @ —13.4% &z - TG S
h, B, R BEcbs s oEEShTH
. ORI, BB, WK BRirEo
Fr. L rmIRES ol 7y 27 » 2 —2IC
IoEBERTWE D EEbNRS.

Th B OABBERBK T, £ EOBRENE
E pH » OE§FEEFTE~TCHB L Fig. 9, 10 ©
iz, chxd s LB TR B
@ Fr. I ofRozE#E pH 124.8TH 0, Hi#R
OHBEL LTS, 2OX>5K, M
%, BIBOBEYr 277 2 —¥0D5% Fr. 1
oMt sbok, LDEREBIC 7
A=Y v X BHER, EE pH & ¥ TTh
Frfs ko 2B ERLTWS, ThicRKL
T, Fr. I cZEHE pH B X5 o R bR
o Twb X5KkBbns.

Angeletti B 1, FIMBFBHE LR & L

<, NaCl oEE %% % T gradient elution ¢
column chromatography %77\, 1M &
St 2 COEAEOIERD, Bor3ic
HET2EBACIUIC—H L T3 BEOMME 7 +
AT 7 Z—EIEEED peak ¥z, =D 3
DEDOWTE#E pH #4252, 1HFHO B OR
pH 44 <, 2%HE 3BHOBORDLE
{ pH 55 8 Th-7. LEAEIKC XM
ERZ, 1HHDODBORKL0% TH > e Dk
LT, 2HBEHBICIBHOLORIZLA LR
LEIN TV, 0 XS ICHRmERMEEC
HHE PH X0 LBEABRIC I - TY bkl
BRELBETr A7 7 2 —ERRET 2]
ELTWw5%. FARO &k Abdul-Fadl and
King? it k- CdHEsh, T0EH pH R,
4.3~4.825.0~5.7ChHrLINTn5,
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Fig. 11 Distribution of the enzyme
activity on each fraction
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L HEEFRABF EREXRD LR, L
L Fr. I %% 5% LTV idiEEE DA 4312.6
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ADHTW5E, LT, TOEERDEHE pH %
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BB IS En fBrbB 22, BOBDEL &
BELHET LI >cBbhikz,

6. FIVIRICIRR L e fiz B 0 58 1 R
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