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STUDIES ON'THE ENZYMATIC REACTION CONCERNING

LIBERATION OF ETHANOLAMINE IN ASCITES HEPATOMA

OF RAT

1. Substrate of the Enzymatic Reaction Concerning
Liberation of Ethanolamine in Ascites Hepatoma

of Rat

2. Properties of Acetone Insensitive Phosphatase

from Ascites Hepatoma of Rat

. 3. Effect of Acetone on Alkaline Phosphatase

Activity
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SUBSTRATE OF THE ENZYMATIC REACTION CONCERNING

LIBERATION OF RTHANOCLAMIRE IN ASCITES HEPATOMA OF RATH

MABAYORI INOUYE

As reported in the previous peper (1), the spperemt contente
of ethamolamine of hepatoms cells and Togemerating liver of rat
were nheatﬂcight to ten times greater than that of normal liver,
and this difference was attributed to the effect of scetane,
which was used in the determination process of ethanolamine.
Namely, acetone :mbim the enzymstioc Meti.m systen conceraing
the 1iberstion of ethemolamine in mormal liver homogemste but mot
in others. | o

In the present work, nuhtm and identification of the
mmta o:t tm resction in hepatoma cells were attempted.

It was found that phosphorylethanolamine (PE)** is the direct
precursor of ethamolsmine in hepstoms cells, AN 130, and thet

the ensymatic hydrolysis of FE in the tusor cells was mnot

® A part of this work was presented at the 34th Comgress of the

Japsnese Biochemicsl Society bald at Osaka in November, 1961.

s» Pollwing sbbrevaticme are used throughout this papers PEs
phosphorylethanolamine, Els ethenolamine, GPE: glyceryl-
phosphorylethanolasine, UDP=Es eytidine-5'sdiphosphate ethanole
anine, Pd-Es phosphatidyl ethanolamins, PSers phosphorylserins,
TCAs trichloroscetic scid.
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inhibited 'by acetone.

It m been shown by several mm:zmtm (2+4) that o
wes mt 1n 8 large amount in some neoplastic tuml, and
the mtnuwﬂthmhmﬂhmthtmm
contents of AH 130 snd regenerating liver of rat are muoh
larger than thet of norssl liver.

¥ale Spragus-Dawley strain rats weighing approximatsly
200 g. wers used., Partisl hepatectomy was operated by the mtm
of&mmm(ﬂ, bywhinhahantmm of the
liver was ramé Animels were fed 23 libitum before mé
after the apmt.tm. AH 130 cells wers barvested eijat to ten -
days after transplantation and washed with isotomic saline
before use, The homogenmtesm wers made with Teflon-pestled
Potter-Elvehjem homogeniser in 0,154 ¥ KC1 solution. The
soluble fraction wes obtaimed from m@ homogenates by centrifue
gation at 195.000 x g for 60 mutu ¥E van aymhnimd by
the wmethod of Outhouse (._). awwmmwmm
(em) was mparaé from crude phospbatidylethenclemine (Pd-B)
by mild alkaline hydrolyeis according to the method of Dawson

(1) and purified by cellulose powder column chromatography
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(water saturated phenols glacial scetic scids water = 100 3 10

112 (v/v)). Cytidines5 wtmamﬁ ethanolanine (CDP=E) was
purchased ‘from Sigma Chemical Co., St Louis, U.8.A..
Qmﬁuﬁw determination ev!'j ethanolamine wes made by
aiuﬁvmyhenymﬁw, aﬁh&ﬁ axtmt*m and Acberlite 0«50 colum
mwam as WMMM’ &amﬁ.w (L)« Inorganie phos~
phate was ‘deternined W the mu-mm*a method (8).
- (1) mmm of & precursor eat

ethanolemine fmmﬁﬁwmtamﬁ x%m. columm of
Amberlite 0G=120- (a :m-s, 200-300 m} was used, Aligquots
of & mmm aumu of scluble m«m (15-&5 ul.)
wore appl.ut! to the columm, smd alm ﬁﬁh aamm nw‘
Bffluent . wan wlham in 10 nl. fractions. One nl. of sauples
mummmmaimrwmmmuwmm
muummwmmottmmmmm.

(2) MW e! phosphorylethanclanine in tissuss:
Auguuatwmhmm&ummmﬁ%
an egual volume of 10 per cent trichloroscetic soid (TCA) smd
mwﬂuummmumswmm. The
mmnmwmmmmmmmm
eowazgggmiaamxmumuam:umx«&m



with diethyl ether. Ome ml. of the sample was applied to sn

1 x 30 om. colums of Amberlite 03120 (E* form) or Dewex 50

(E* form) and the column was eluted with deicanised water,

Every oue nl. of effluent was collected snd PE was quantitative-
1y deternined by the ninhydrin methed (9). Ninhydria colour

| mm of £ was determined by s synthetie sample in esch exper~

Wim pam (_L), itm found that tﬁnammm

wmlmaﬂytwﬂlmtsmamnmmmm
am&mlmmmmnmmmmnnc,
mmewoxmmwmmmmawm’

wwumznmwm,mmmm

umm«-nmmmmasomm(vﬁ),
. mnmmammmummww
. mtmmmabmwmmh nmuﬁq.x,
emmmmummmswsmmm
mmmozmno «1ummmasv°e (r1g. 1 (1),

W s

nna nan) and the metim m m aﬁ""’f‘j‘, i"_ésea by150 per cemt

'wmummutwtmumw (318.1(&};



emn&h The same phenomena were also observed inm the
afm mm% a»muymmmwmm

genates of AN 1‘5& at 105,000z g tw 53 mninutes (aamm frac=

tiom) (Pi& 1 (B)). The recovery of the sotivity in slowdle -
fraction wos zmmw one third of the origimal ) — T T

of m 130 G‘Ihg as :!‘anms 3@1@1& th wos dialysed
roughly W é-mwumwmzm wa mucm

mmnwmmmmanwhmmmua

mammumm. umm#

sanll wlw &'

Table I, ﬁmm m W W M éicm soluble

mm m incubated togother wwa the concentrated mw«

at 57”&. w.n zwe W that & mmu of the wmx-

nm umm mﬁm m i
the mmm‘ mWﬁmeanmm

mmamummtammwmr

mmamwm

mﬁm"m wlaé out ‘by the W amm btlw.

to s colum (2.5 x 34 om.) of mx&tt 00«120 (E* rorm),



uﬁ elution was carried out with detomised water, Pig. 2
'mmmanmaafwmm Authentic phoapho

lathm‘m mhafﬁmamm :st mmmmiﬁm

umaummmmm mnmt-mwm

m%wmkmmmmmmummm
””""f'-nmum“efmzsemm for 2 hours at

37%. m 1mm .mnm snd inorganio phosphate wers
utmm»ym (pmmmamnmm« (8-
ummmun n, w;ywmmmwm solution of the
2nd poak m dialysed soluble mmw. muw. iiberetion
ummmwwmw In this
case, the retic of liberated sthanolssine to liberated phosphate
~ wae found to be nearly 1 (Table II). Under the sems conditiom,
1iberation of ethanolusine was not chesrved with use of sub-
stances in the first pesk of the chromstogras in Fig. 2.

~ The substance of the 2nd pesk was compared with su suthentic sample
of PE by wesns of paper-chromatography amd paper-slectropheresis,
uma Pig. 5. All aaps showed ilnt the pursusd substamce
gave ome ninkyirin and molybdute reagent (1)- positive spot
and the mﬂ.’ﬁm of the spot coincided with the referemce oms:
Fo other ninhyirin-pesitive spot was detected. Furtherwore,
'mwmﬂumm“amwzwmmuat



suino group snd phosphorous (Table III). It was found that

Inmzeemmmmmmmamm,
!mzme m, m 1iberates Mm in AH 130 mm, :
sate m i‘kﬂ mtmmmn; mm fraotion S\M mk’

in m. 3’5 were zmmm Winls with dislysed scluble
zxm, mu xmmwmmw. &W

that w of yrecuracrs of :mm were qul to amounts

‘Mmmmmmmﬁﬁmwxw%mi

sumw
mmw Xtmmthiﬁw

of the W of ethanolautne foumd in the dislymate was
mmmmwk.mmmwmmmm
mu«ms, Therefore, 1t 1s thought that there is mo
.mm.mm,mmmmmm
of uw:am in m:mma fraction of 4H 130 cells, Famoly,

mam&mwmmmwmmmmw

soluble fractiom of AH 130 cells and morssl liver as snsyms
sources, the rates of emsywatis hydrolysis of authentic FE



were aoﬁgarad in the sbsence and presence of teotono (Table
'IV), It csn be seen in Table IV that the enzymatic sctivity
of AH 130 is much greater than that of normal liver and
that the activity is not suppressed by 50 per cent acetone
for both AH 130 snd normal liver,

When GFE, CDPeE and crude cephaline were sdded to the
enzyme solution (dimlysed soluble fraction of AH 130 cells),
the rates of ethanolamine liberstion from these compounds
were small, compered with the case using FE as substrate,
and the 1ﬂaemﬁm of otﬁnnolnm frem 'thoso compounds
were inhibited by 50 per cent aeemie in 8 greater extent
(Table IV), |
Fhosphorylethenolamine contents in AE 130 cells, remmt:\ng
and normal liver eeeesPE contents m AH 130 cells, regenerating
and normal liver of rat were estimated as described in
Materials end Methods, As shown in Table V, AH 130 cells
contained PE sbout eight 4Yimes and regenerating liver (48 hours
after partial h&mteatm) ahsmt moa times gr«tor than mml

uur.

DISOUSBION

~ In the mvieun payer (1), 1t was shown that an
engymatic motien mtcn eoncoming the ubortt:len of
c’chmolumo .1: _pru«_nt in homogenastes of normal snd
regenerating liver of rat, |

ofle



The present work revealed that this system also exists im both
homogenstes and soluble fraction of an ascites hepatoms of rat
(AH 130).

By meens of dislysis, the precursor of ethanclamine was
isolated from soluble fraction of AH 130 cells .nﬂ proved to
be yhaaphorylethanalaaiaa. No othnr eua;ounda which pcrticipnta
to the liberation of athanalnntne, boeid& FE, were found in i
solubla fraction, !nrthoruorc, thaipreseneq of & phosphatase
nydrolysing FE wes also proved ia séln’bla" fraction of both
AH 130 cells and normal liver, Hyarolyais of TE by this senzyme
was sesrcaly inhibited by 50 per ceut of aeotonp in the case
of normal liver as well as AH 130 cells (Tadle IV), Therefare,
the fact that the ethenolamine liberation in mormsl liver homoe
genates was eonpietpiy suppressed iﬂ 50 per cent aeotqn&éin
contrast to homogenates of AH 130 cells (;); woulﬂ*bu.ozplniahé
as mentioned below, For the othanolsaine liberstion, two pathe
ways sre considered in mammalisn mam as follows;

(1) hydrolyeis of FE by phosphatase (10) |

(2) hgdrolysis of GFE by phosyho&iostorase (11), which is
prodnced rrou Pi-E by phouphntidaao L and lyuophnophntiéase
(12). Reaction (1) was proved to he acetons insenstitive
(Table IV) but rmaetian (2) may be ncctaan sensitive because
the hydrnlyuin of GPE by aialyucd uolublc fractian of AH 130 was

1nhib1tod by acetone (Tabdble IV), Bunce, ethanolamine libaruted

«9e



in homogenates of normal liver smd AH 130 would be due to both

resction (1) smd (2) in the sbasence of acetome, When teoi;é%iei

' ie added to m homogenates, wmham w@a e nboram
maly by rmt:tan (1), since mation (2) is aappnssad by
acetm. ﬁmm. tha &ermea ia %ho cthlmomm Ii‘bmtm
between mml ‘i.ivar and mgmmﬂng lim w AR 130 canc,
ebﬁemé v}mn these megmstes msr& .nemwa with scetone,
would he attrihuteﬁ $0 the qmti‘ﬁaﬁve éitfarmn of scetones
amﬁ:ive ( resetiw (2) ) an& acatm-mmiﬁn (reaction (1))
. ensyme aystm. In faet, t&w nmmrb of PE wm meh larger in
AR 136 m in npormel liver, and ghmphatsae is also present |
in 8 1arga am% in hepatoma, &s mwrt:ad h;r Gresnstein (13).

: As far ’ake formation of PE in tﬁmaas. m natmfs are
‘ﬁmm an f:.tnm; -

(3} ph&nphmyhtian of ntmmm by ykmmhmm (m@)

(&) hydwlyﬁa ef m-s by twaoatepc reactions by 1’&» |

glymiée tmae!mm and mwﬂwx mfama (‘L‘ _3_) .-

- The mc 1m (4) ere cmmcree to (91&7 ™ m&et&e rnlo for
| :ea-z rather thm ] éegradaﬁve role., m mei: that FPE content
in hepem :t.u larger than aaml hmr, would be axp‘mm L

by two wm "‘i'iatimhtim of mation (3) m mww’ or

10e



suppression of the formation of PdeE from PE by reactions (4),
and the "miczegze@ai significence of this slevated PE comtent
of hemtm is now under mﬂuﬂsatim.

The properties of the ewu Melnm i 3 -s.u‘f 3;0 zayorted

inea fortheming ptper.

1. &he sthanolanine libaratm onsyntie gyepten was also
mamt m AH 130 ealla. |

2, The main mmer of free gthamlame in an #qemm
hsmtm; of Tat (AH 130) was m:nﬂfw' u phosphorylethanole

3, Phosphatase which hydrolyses Phosphorylethanolsuine
was not ;ifnhibitaé at all even in #h; presence of 50 pér cent
of aeetm in the case of mormel liver as mn es AH 136 cells, |

4. rhmyhorylcmmlaum eommta ot ascites kem‘&m nnﬂ'
romerating livcr of rat were largqr ism m'&- of m}. rat
1iver, | | T i |

Se The difference betwsen normsl liver and regenerating
liver or {tumour éells of rat in the 'matm of formation of

ethanolamine (1) was dinen'andfifrea the results decribed above,

7 olle
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‘Table I

'Libaratim of Ethanolamine from a Ganpamé Jaolated in the
Dialysate of Soluble Fraction of AH 130 Cells, |
Soluble fraction of AH 130 cells was dialysed againat
deionized wéter- and the dialysate was concentrated to 2
small velume' ag deseribed in the ?tu'xt'.  Dialysed solubdble
fraction was ineubsted with and withe’at *the concentrated

dielysate at 37%°¢ for 2 hours in 6.95 ¥ verml ’bu!'fer :
(pE 8,5) and 1 oM ¥gOl,, The resction was stopped by
heating in a boiling water bath for 5 mimutes and ethanele
anine waa estimated by Bﬁ}?mthod -(_]_.-.) .

 CHUNN

!

‘ ’Emclanm ( )meloa/ flask)

1 2 3
Bi:lysea Soluble !ruet:lm M : : o
(withant mcubatian) 0.00 - 0.00 -
Bialyute | 0,878 0,190 0,190
(without incubation)

(incudbated)

Dialysed Soluble Fraction
Plus Dialysate : 2,40 : 1,21 0,833

(incubated)



Table II

Enzymatic Digestion of the Compound Isolated in the 2ad
Peak of the Chromatogram of Pig, 2,

B1a® | Ppise

: \ Pi/E1
. r , pmoles | mmoles |
(1) Concentrated Praction of the | o
2nd Peak in the Chromatogram | 0,00 | 0,00 —
of Pig. 2 (without incubation) | ]
(2) Dialysed Soluble Fraction of | -
AH 130 (incubated®) Q-GO 0,00 o

# Incubation was carried out at 37%C for 2 hours in 0,05M

veronal~carbonate buffer (pH 9.5) and in 1 mM MgCl,.

## Ethanolamine was determined by DNPe-method (1) , and
imorganic phosphate by Piske~JubbaRow's method (8).




Table III

Contents of Amino Group and Phosphoroas in the Compound

Isolated in the 2nd Peak of the Chromatogram

Exp, No,

Amino Group*

Phosphorous

P/Amino Group

(umoles/ml, ) (umoles/ml, )
1 2,40 2.60 1,08
2 3.17 3,51 1.04

TN




Table IV

Effeot of Acetone on Ensymatic Hydrolysis of Various Compounds

Dislysed soluble fractions of mormal rat liver and AH 130
cells were used ss enzyms eources, Imoubation was carried out
at 37°C for 1,5 hours ia 0,05 ¥ vercnalecarbenate buffer (pH
9.5) and 1 =M Hg0l, in the absence anﬁ presence of acetone
(50 per cent (vﬁv)).

. trato Specific Activity roat
Enzyme 3ource Bubatr Acotone
(£ins) oon,)(EL umoles/geli/hr,) Effect®
: +hcetone |[~Acetone (”
Normal Eat Liver | P (1.0n¥) %2.6 23,5 72,0
| FE (1.5aK)  23.4 | 18.1 74,2
AH 130 Cells P (1,5m¥)\ 1405, | 1558, 109,
PE (2.42%) \ 2840, | 3335, 117.
GPE (0.60u¥), 20,2 2,2 30,9
CDP-E 278, 41.6 15,0
~ (0,75mK)
 Cophalin | 556 18,9 53.2
o 8pecific Activity (+Acetone)
* jAcetone effect = — — x 100

Specific Activity (eAcetone)




- Table V Fhosphorylethanolamine Contents in Yarious Tissues.

| Pmosphorylethanslanine contents® |
mh—/'g wet wi.| mmole/g total-¥
l!m'—l rat liver | 6.428 2 0,023 16,1 % 043
'Wtisc rat liver ’ ‘ . o -
(48 bre after purtial mp-mw) 1.17 2 0'19 44,8 2 9.0
AH 130 oslls | 256 20 68 131 22

* Nesn value snd standard error of thres experiments,
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iraa carried out st 37°C, in the absence (solid line)
and presence (dotted line) of 50 per ocent scetons(v/v).



P~Ser & PE }
1.0 4 Taurine ‘

ninhydrin colour (0.D, at 570 my)
o
St
.'4—‘/

| 4
< L\’—\,\/
0 + "m-/
500

effluent volume (ml) |

1000

Pig. 2 Column chromatography of the concentrated
dislyeate of soluble fraction of AH 130 cells,

, Eittétm nl, of the concentrated dialysate of
soluble fraction ( prepared from 45 ml, of packed
cells of AH 130 ) was éppuad to & 2.5 x 34 om,
eolumn of Amberlite CG-120 (H'form) amd elution
wee cerried out with deilonised water. Arrows
indicate the slution positions of authentic aaﬁplea.
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electrophoresis of a compound isolated in the 2nd

peak of the chromatogram of Fig. 2 .







PROPERPIES OF ACETONE INSENSITIVE PHOSPHATASE FROM
~ ASCITES HEPATOMA OP RAT® -

MASAYORI INOUYE

Ensymatic reaction in meh ethenolamine is produced from
Wﬂwx@lﬂm ocours in Wm of ascites hepatoma
of rat and of normal ret liver (1,3). The sctivities in the
two preperations differ in that the resotion is inhibited by
thcmarmewlm in 50 per cent eoncentration
in normal liwrkmmmm ummmmm

" In tbe present work the ensyse yhich hydrolyses phoss
phoethenolamine has besn partislly purified from rat asites.
hepatoma. Scme properties of this ensyme and the effect of
organic solvents om ite sctivity have deen studied. It was
fmwm:mmnﬁwmmmﬂmm&ﬁa
elimline phosphatese. Vhoress 1t was active towerd phog=
mamm m ia the m of organic molvents, i:k
wvas m&w W by ermm solvents in its metivity
toward Bglyce ) o, ‘%m usual substrate of alksline

phosphatase. Purthermore, the level of ths ensymatio m'kivity
end the effect of acetone on the sctivity of preparstions
from h;w%m cells, th ret liver, and normsl ret

um were compared .

*Lm%af-m;wkmwmmxtmsﬁkmmai
m&mwmmmm«lsmzymm 4in Fara
iz iﬂgmg lgﬁai



_Rats~e~=-lale Sprague-Dawley strain rate weighing appromimately .
150 g, were used,

. Hepatomae~===iscites hepatoma colls, m 130, were harvested by

0 uparetamy 8 to 10 days after tranaplmtatim and washed with
.. eold 1sotenie ualine.

t ng. ey ~===sRats were parﬁal‘ly hepat&ctmimé as

: dueribeé in the previous paper (1) ‘ m#era, 48 hours after
the operation, were used. | _ , :
. W----Koml livcr md regenerating liver were _
. perfused with cold isotonie sanm m& henogenimda in 3 volumes
. of aaline with a Eeﬂon-peatled rotter hmgenuor. Hepatoua
cellu were also homogenized as éeaor:lhod ‘above., Ten ml, of |
homogenates were dialyszed avemight against about 2 1iters of
‘ deioniséé water at 3 ¢, defor enzm auey.
_Asaay----~Activity was ‘estimated from the 1iberated
! morganie phosphate by the mthod of Hakawggbm (2).

- The m&l uuy systen consisted er 6.3 nl, of the enzm
solution, 0.1 ml, of 0,1 ¥ m’bntmtt, 0.1 ml, of 1072 ¥ Mgol,
ané 9.5 n‘l. of 0,1 ¥ verml-earbmta butfer, pE 9.45, in a
- total valme of 1.0 nl‘.' The m“tim ns started by aéﬂing the
ensyaa so‘}.ution, and the nix‘kure in uenbatea at 37° cg The ~
renetion wan stopped by adéing 1 nl. bf 10 per cent triehlero--
aeetic aeid, and the mirture was contrifuged. Onc nl, e:!' the

aupemtant was taken for detemmtion of marganie phuphate ¢ -
The ammmt of marganic *phosphnto liberated was eorreeteé far |



the amount liberated from the emsyme preparation in the sbsence
of substrate. When inhibitor \m- md, 0‘1 m. of iuhibitar
aolutiaa was ade«d insteed of mla thn expurimtt ﬂth
omnie sclmtn. 1 ml. of ormi.c m}.mt or of ormm wlvont
Plus nm uu aé&oﬁ te 1 »l, of t!n mcﬁon uixtm éeseﬂ.m
above; fm' immm. 0.5 ml. ar sulwst ané 0.5 ml. of mtor
were adﬁad to. 1 n},, ef the mtiem m to make the f&ml
concentration of 25 per cemt solvent  Since the color yield in
phosphste sstimation changed according to orgente solvents ine |
volved in tho mutien nixture, the amunt er morsanic phaa» | 4
phate libmtod was eemeted for m&h ocagse . Fhos) ;'_',i:,,Molanmc
and m}.ymrophoam were used ss substrates. One wit was .
defined &t the amount of ensyme whiah 1iberates 1 mlt of
morslnie phouplmﬂr ‘per hour under ths conditions Mawi‘b«!
ecific activity was nxwum as unitn pcr ug. of
total mitrogen oﬁ* Pg. of phosphate of DNA.**» Nitrogen contents
were determined by the micre Kjeldshl method. DEA centents were
entimated sccording to the method of Sohme

-Wmmmmm m mtmtua by She mﬁmd
of Bohmiat (6) (mwp. 233-4°c, uneor.), end proved to be peper=
ahrmtegr-phimuy pure ., 5

"éu-w-iha mm was extracted from tho hammm of tmur

cells with use of n~butanol as Guerfmeé for slkeline gm -
phatase by Morton () as followss Helf volume of m-butsmol

a%2 The following ebbrevistions are used: DFA; deoxyribo-
nucleic scid, EDTA; ethylenediamine tetrascetic acid,
PCHB; pechloromercuribensoate.



. was added to the. hemegmtd‘ \ww cslls, and the mixture |
. wag incubated at 3‘7 ¢ for 1?5 hem w:itk ocoasional atming,
. Aftey mﬁm, m mnqn m acntrifuscﬁ st 4,600 Ty m
_m, for 15 umum, m the r\ui&m wan extracted twice with
1 ntsr. The mpamhma wore. «aancmé. and the a*wmal hm
_was removed with s pimt (l‘z. I iu &shlc I). Cold acetone m L
added to the tmmm, and tha recipitate formed betwesn
25 to0 50 per cent of scetome was collected and dissolved taa
_susll swount of mm“ Pr, II in Table I), Before the emsymatic
e fraciions mm always. ammma two
‘tines sgainst ahou% 5& wvolunes of daimise& water at 3°0,

| Abaut 13 fold wﬁi&ﬁm wan nehi.mé ﬁu procedure for
mifimﬁ“ is,a nmim in Table Ia

(fablen)

' mﬂm--ﬁs 1 ows. yams.utx curves with 1 m;
ogenmte of tumour mlm,~ hotivities at each 9& are T
- expressed as .9‘”‘ cent of the activity st pil 9,40 memsured with .
,.ﬁ*slyecmmte a8 substirate, As shmmm' 1, the pi

ngtm m 43.4; far h@tﬁ phanpheothanomim aad ﬁ-gl:ecrn
phatyhata under tha mtﬁm w Similar mmltu were

.. obtained far the W partially ynriﬁad from tumour ea}.h.

At ueiﬁie 98, .8 mé 4.5, the aetiviﬁw, maw ﬁ% phm»- ;
pheammhuim, were am.y 9.45 and 9.’?& m mt, mgwtﬁuly,
of the aetivity at pH 9.40. These tmu lmut that the W



. hy&mmm waayhmt}:mum k tha kwgmu of tm
. cells ( }) ia m% 14: mm ae m&sueﬂie auﬂm photm'kan .

‘  the effact of mmsim im mﬂ urim atm eo! :
matim ware investigated, h m in rzg, 2, mum im
. acts as setinter of uulm pheap’!wkam from tw asns, m
¢  1its grcmm tt 10 =3 X m&mﬁm mrats in about 45 per m '
L aetivatim xem ‘hath mcmua, ~ xwkiat e:t ths aetiv:ltz mamé
~ witn ﬁ-glyumpheaplmte to that with mmcmmm tliffor
lersh nm::ﬁiag to the cmmtrsﬁm of magnesium fon
(Mg, z,,g}, ,’ lomens were aw emm in Wrmm
 with other iahibitan, ss shown in ‘!ubla 1,

(Table IT)

markedly inhibit both activities of the ensyme. Zinc ion at



10‘3 ¥ inhibits a’bout 90 per cent of the activity for both

. substrates ; eadnim ion is also inhibitory, whereas caleium ion .
is without af.feet? under the conditions used. PCMB does not
inhibit the activﬁtu- at 10 M, Ethanolamine and glycinme

_ stimulate the enzj

tic activities. These results, mentioned
above, sre similaj to those o’otaineé for several alkaline phos-
phataaes frmn different species (8-12)* . |

> --w-Tha tim emea ot the

reaction 1n the presence or absence ot 56 per cent acetone are
shown in Iig. 3, ﬂth use of the ensyne of rr. I in Tadle I.
.. It can be peen 1n Pig. 3~A that the ac‘!:ivity measured with
phoapha@thamhnﬁa is scarecely affwted by 50 per cent acatme i
- up to 40 ninatea inenbnti.an, while tha uctivity measured vith :
g-glyeerophq;phate u markedly su@prossed by 50 per cent aestme
_ and 1s completely inhibited after 29' mams z wsmcubats.en. o
. In order ta aetnrmine wthether thora az'e m kinds of alm:ma

phoaphntasaa, aeatm-aensitive and ;aeu‘hmvmmitiw, thn
:tl‘e»’.I-.:I.ev:.k:zzg1 qqurimnt was mdertaken:g m vtwm nalution na

(?ig;. 3)

. meubated;fﬂit 37°¢ in the presence ofb‘@pnrcent acetone and
1073 ¥ of Mg** without sdded substrétp, and at intervals of
5 minutes 1 ml, of the solution was 'baken and ddded to 0:1 ml.
of 0.1 %! aubntrate. After 9 minutes incubation at 37%, merganic
phoapha’ce liborateé was measured as: mutiemd in Methods.



(*iz. 4)

. The results sre shown in Pig. 4. In the osse of phospho~

ethanolamine the sctivity graduslly decresse just as in the
cone of g-glymma‘ By 20 aﬁm:m preincubation in
the presence of 50 w cent acetone without sdded substrate,

. the se%iviﬁw were amt'k m‘imly suppressed for both

substrates. ?mmrm, no inorgenic phosphate was umm
 from phosphoethanolsmine, when it was added to the resction
uixture with use of B-glycercphosphate in 50 per cent acetone
after 20 or 30 nsmn tnoubation (broken line im Pig. 3+B).
These facts suggest that phosphoethanclsmine has @ protective
effect on the ensyms provein, mot possessed by S-glyserophon-
. phate, | | ‘
| mmaazmmmmmrwsswuﬂe
in%mrmtmtmmmumaf;mmm then

, iged. The precipitate was dissolved in & small mt P
of water, end this solution was assayed after overnight aumu
at 3% sgainet 50 volumes of deionized water. The recovery of
the activities for phosphoethenclsmine and J-glycercphosphate
were 95.3 and 8}1.6 per cent of the mmz. activities, res=~
pectively. Therefors, insctivation by scetome appears to be

reversible,




. I o ! .
Effect of Verious C jo_Solvents~-~-~Fig. 5 shows the effeote
of various organic solvents on the reactiorn with use of phos~
phosthanolamine as substrate. It can be seen that dtoxan,
acetone snd dimethylformemide inerun the onsyn aetuﬁy. ;
Fotably, about 80 per cent increase in aetivity was obtaimé
with 30 per cent dioxsn. In contrast to rtmuolonu (13)s
which ia activated by dimethylformemide snﬂ 2-uh1mtw1.
tha umym of tho present am&y was inhibited mery 'by
ﬂinethy}.tomaién at 50 per mmt concentration and by 2-
chloroethanol et much lmz‘f- amonmtim. n-Prepmal signiﬁa-
cantly increases the aetivi.ty of the easymwe toward phomeeth-
mmm and ethanol has a amm at!'act to a WQM‘&
1n contrnt %o their mhibitory eﬂ'wt on ribmalmu (__z)
lathaual shows increase of inh:lbitien with increase of nm-
tratien. The effect of ehain 1ungth of aleohols on mkibiﬁm
or ietiuﬂon was previcusly observed with ribonuclease (13)
and the emsyme of the present study (2).

 (?ig. 5)

Pig. & represents the effect of various organic solvenis oo the
reactica with use of feglycerophosphste as substrate. In con-
trast to the resulta obtained with phosphoethanolsaine, sll
solvents used show increase of inhibition with incresse of
their concentration.



. w&t&mﬂe& was schiseved for mmm‘bm and

(Pig. 6)

acetone on the astivity of alkaline phosphatase from regenes
- rating liver and uwl liver of mﬁ. The enszymne
. parified by the ssme method éewrim for alkaline Mwu ;

from tumour cells (wee in "Methods™), About 13 and 4 folds
el livaer,

. mpae‘tiwly.

(r1g. 7)

The similar results as for slksline phosphatase from tamour
cells (Pig. 3) were obtained for those from both regenersting
and normel liver, Namely, 50 per cent scetone scareely
affected the hydrolysis of phosphoethanclamine but imhibited
markedly the Wolxnin of mmmammmi ,

{Table I1I1)

e mm.n: e



the enzyme activity refered to DNA=P and total nitrogen was
about 5 and 18 times, respectively, greater in tumour cells
- then in normal ra% liver « The activity of mggﬂrﬂw li.v
~ was also la:zvgar 'hm that of normal liver as alruay r’po (e 3

(é&*l.) .

tieally eataly&: 4 : |
n aoeurs in hemagmten of rat amttea h&mtm cnun and | mml, |

phecphats as a‘bgfj’?’ -'
4y m inhibitore, “ _',:;famemaaa that the <
ensyme is %‘” ‘saus as the W kﬂm nn” mmmapneiﬁe alkaum”\_ L
k Phaapha'kﬁaa* e | ‘, |
“Ag shm in Ma. 3 and 7, 50 yer cent acetone aanmaly
inhibiﬂka& m hw&mlyus.a of Phwphagi =
m‘epnrm fram reganeratmg liver and naml liver as wn ag,

various aetz rate

-alamina by ensymes

by the enzyae preparod from tumour cells. &hauzaﬂ, the
difference ‘hﬁmmn ‘mnear aclls and mrml Iiver, as mﬁmﬂ

/o



above, is not due to a differsnce in the acetons insensitive
property of the ensyme, but mey be dus to differences in the
| contents of alkeline phosphatase snd its substrate, phos=
phcethanolemine, in the two tisswes. In fact, the content
of phmphmthmomm in asoites hepetoma, AH 130, was abdout
8 times a8 mich s that of normel ret liver (3), and alkaline
- phosphatase sctivity of tumour cells was alsc 15 times ss much
as that of mormsl liver om the base of total nitrogen (Table IIT),
® It was found in the present paper that slksline phosphatase
wae quite active in several organic solvents, of even sctivated =
by ’chgha solvents, when phosphoethenolamine wes used as substrate,
* ' But 2echlovosthanol and dimsthylformenide, especislly the former,
inhibited the activity, in oontrsst to the mm sotivation of
- ribonucleass by these sclvents as reported by m .
i.-‘.fimhsratm it is thought thet the tomins of the onsyme m’éﬁcn,
. caused by dimethylformemide and 2~gchloroethanol as mmtqé on
vribmelauo by Yang et sl. (17) end !g,ggn. (18) :h not
- guitable for the ensymatic motion ot umam momun.
s Bince orgentc solvemts may affeot physicochemiosl properties
»  of the ensyme protein, the mechanism of the sctivatien by
. organic solvents will be whk 1own until the ohanges of the
- ensyme protein osused by aalimtt lm blmtdahm
, It is also nwmmmg «nm tlhli.m phoophnnc ustivity
~ was uarkedly sujpressed by all sclvents exsmined, when S=
glyecrophouphnto was used as cmtuto, in contrast v&ﬁa ’
ph@»phmthn@hum. The causes of this differsnce are under
investigation, | |

{]



1.

2.

3.

4.
- ting liver and normal liver ef ra'e ‘behaved similarly te Y

5.

SUMMARY

The properties of the emzymatic h;jére}.yais of phos~
phoethsnolamine were examindd with use of the enzyme
partially purified from AH 130 ascites hepatoma of rat.
Prom its pH optimum and experiments with various
activators and imhibitore, 1t was concluded that the
ensyme is the same as nm-‘spoeiﬂé alkaline phosphatase. -
The effect of various a&g&hi,é :ysigi#enta on the activity
was. invéakig’ateé « It was found that the hydrolysis of - e
phosphaethanolamm was aetivateé by aweral organic solvents .;; ‘
but that the hydrolyeis of ﬁ-glyaaraphosphato was mkadly '
snﬁprasaad by all solvents omimé. . e
Pertially purified allmlinn phufhatau; frdn'ragoneisa@

oma’ ¢ cells in the prc»m of acetons.
Ehe aiffemea 'betwem mm}. uvar, and regemratiag .

liver and tumwr aella af mt in the reaction of famticn -V 

of ethanalaniae (1~3) was ﬁincaaund fmn the mmlts y

‘éeaeribed above..

?he uufhera wish to thank Prar. s. Akabori of the L
Institute rar ?rstein Ramz-ch, Qsaka University, and Praf.
Y. Sakemoto of this Institute and m'a A. Oikewa end T. ‘
mtaushim of Eatiaml Ganesr Gmter Rouamh Inatituto
fnr their cen’cix;g encemgemt aaé m’eerut in this work.
Thenks are sleo due to Miss *r. Hiytﬁi for her skilled

toahnieal nsaiatanea.

2



*

(_L) Kuo, M., and Blumenthal, H,

(13) E1841, ®.,
(13) epmm:-, B. J., and ﬂoek, E‘ ‘?., As, J. Paysiol.,

(l) mm; *t,’: &t‘mg Q,’ end m; m"’ &mii

- B0, 151 (1961)
(2) Higashi, X., Inouye, M., Matsushime, T., snd Oikews, 4.,

Jd, Blochem., in press

~ (3) Imouye, M., Ph. D, Thesis
{i) m&ﬁ‘ c. H,y and MMM; Y., Mt; éﬁg 375

(5) Sohneider, ¥, c.. ®Methods in Ensymology®, ed. by 8. P,
" Colowick snd H. 0, Kaplen, Acadenic Press Inc., New
York, Vol, III, p.680 (13957)

- (§) Schaiat, G., “Nethods in Ensymology", ed. by 8. P. Colowick

and N, 0& E‘pm, Academic m Iﬁ@" How .fmg Val. mg
p.357 (1957)

(1) ¥ortem, R. K., Biochem, J., 57, 595 (1954)

(8 Mortem, B. K., Biochew, J., §9, 573 (1955)

(3) Methies, J. C., Js Blol, Chem., 233, 1121 (1958)

54y 101 { 1951)

| (11) mbma’ A hlﬁm’ » ¥ Wﬁ!ﬁ, sc f., and

Hunt, V. M,, Biochem. J., 89, 369 (1961)

;‘(;_2_) Hapgol, L. 4., Harkness, D, R., and Hilmoe, R, J., J, Biol.

m*» 237, 841 (1962)

Biochim. Bioghys. dots, gﬁ, 218 (1961)

149, 418 (1947)
(13) nm z:,. Ieairande, G., and W, A., Cancer I
11, asz (1957) i




- (16) 8énches Q., E., Soberdn, G., Palacios, O., lee, E.,
end Kuri, M., J, Biol, Chem "
- (11) Yeng, J.T., and Doty, P., I, Am, Ohem, Soc., 79, 761
(1950)
(18) Wetb, R.E., and Tanford, C. H., J, As. Chem, Soc.,
81, 3255 (1959)

/%



The enzyme assay was carried out at 37°C with use of ﬁ-glymw&aaphatc aﬁd maphwma

nolanmine as substrates. Bach fraction was ﬁialyud before use.

curve wes emtmteé and the asctivity was «ﬁmtc& from an m:!:binl nlmity. :

In each sx:porimnt. a tm

Praction

an‘hsm‘hc

leemphmph&te( GP) I’hauphoctmnommﬂm)

Opers tion

Total Activity Total Activity o

em
Units nom(il i‘ﬁiﬂ

Bpecific
Units now(%} Actty tg
| )

(’Gni:kﬁ mg. ¥)

@?/ﬁ H

u—hntm}.

o s.9910* 100 - 18.8
zmati.on ﬁt& T ‘93::10‘ ?§.3 1&‘

Practlomstien
with acetone

,zsxw‘ 10C

ﬁ,ﬁﬁmd‘ 78.2

1,10

1.10

1.00 -




»

Table II

_Effect of Various Compounds on the Remction with Use of Phos-
__phoethanolamine snd @~Glyserophosphate ss Substrates
, The ensyme sssay was carried out at pH 9.45 and 3'1;63 |
.under the conditioms shown in the tsble. The ensyme _
.partiully purified from tumour cells {¥r. II in Tadble I) was
dialysed awrnishﬁ ageinst 50 volmu of deionised water at
3 %6 vefor use, Incubation was carried out for 15 minutes
“with use of 3.1 unite of the ensyme for £-glyserophosphate.

| RN SR Inhibitien(%) |
Compounds Concentration(M) — GE/¥E
| | R w2
Fome 000 = . 1,00
EDTA | 102 734 . 795 130
B 107 2044 45.6 129
KON | 1072 100, | 100, -
o 107 72.2 39.5  0.46
2m01, w02 90,8 93:0 131
| 10 7.2 66,0 0,64
csr, 10™3 5.0 24,0 1.25
_ | 1074 -0,2 16,0 1,22
oa(0H,000),, 1™ 0 0 1.00
NaF - 1071 27.6 4.0 1,29
5x10™% 13.2 21.0 1,10
POMB 107> 0 0 1.00
Ethanolamine 107 ~22.0 ~7.0 1.14
Glyoine 1072 «10,5 " «10.0 1.06

- » i : i o

1) Be-glycerophosphate
2) phosphoethanolamine

/6



4l

taline Phogphatase Activity of Aseites B
The enzyme assay was oarried as described im the text,
was constructed and the values indiceted was estimated from its initial vilpotty.

Table III

2 BIER § WIS o

Regene

(. t b SA % ;;.._

pnd Norms

i A

In sach sxperiment, 8 time curve

- s-elyoitmpheupkaﬁmm m.phumaoum(m)
Fiames Ko.:;' Un ' Unite/ rm .i;a/ Units/) mm % Unite/| or/ee
E riments ite/ug. to/ng. 1 Lo s . B/ BE S/8
- Bmégc ?otal-!’ . 'ﬁ.eam m.)zc Eml-!. Tiasue
AH 130 Asoi- 31 e | |
5 , 0.622 18.8 275 .565 : 1? 254 1. ;
tes Hepatoma o | 0951) 4 51) 1) 963‘) ‘3 gl) 439 ) 4-0.0‘51)
Regenerating ~ : - . , ‘
| | 20,048 40.48 7.4 #0,051 40,42 6.7 $0.014
~ Jornal 4 . 0032 1.4  25.6 0,108 0.85 2058 1.2
» £0.047 40,25 26.9 #0092 40,27 6.8 40,158

)

" -
1) Standard deviation



1001 X ' 7

8.0 9.0 10.0 1.0

Pig. 1. pH=activity curves in the case of homogenate of tumour
cells. The ensyme assay was carried out as desoribed
in the text, Activities indicated are expressed as
per oonf of the sctivity at pH 9;45. measured with {i»
glycerophosphate as substrate. "

wm—gueme 3 Activities measured with f-glycerophosphate
as subatrate

e ¢ Aotivities measured with phosphoethanolamine
as substrate

8
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Pig. 2. Effect of magnesium ion on the resoction with phosphoeth=
snolamine and Beglycerophosphate ss substrates. The
snzyme assay was carried out as desoribed in the text.

s—Cp—§ Activities measured with fwglycerophosphate
(GP) as substrate

—eetemen 3 Activities measured with phcnphootmaunm
(I’E) as substrate
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l'i.g. 3¢ Time amm *.i.n %he abmm and mmu ar 50 per cent amm ﬁ'kh m cf f 4
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o M 33 with .ﬁ‘ﬁl,m“

and broken lim xp: ﬁa 'thn wﬁviﬁu 1n the mnmac at 59 m e-n-k a!‘ acetone.,
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.‘ Mg. 4. Effect of 50 per cent mcetone on the activities with use
of phosphoethanolamine and S-glycerophosphate as substrates.
The enzyme solution was incubated at 37% in 50 per cenmt |
acetone without added substrate, and at each time indicated
an eliquot was taken for the assay of residusl sctivity as
described in the text, Aotivities indiosted are expressed

as per cent of the aetivity at O time una;md wﬁ._h phou- PO
pheethanolin!nc as sudbstrate. Activity withv g.-g!.;ie&repho.-é
»phnte at O=time preincubation corresponds to dhe initisl
® ‘velooity shown as the broken lime inm Pig, 3, B,

e 3 Rosidual motivities with use of S~glycerophosphate
wmuitemes o Rosidusl sctivities with use of phosphoethsnclanmine
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Pig. 5. Bffect of various organic solvents on the resotion with
use of phosphoethanolanine as substrate. The ensyue
assay was ocarried ont as desoribed in the text. 13
activities in dioxan, 23 acetons, 3; dimethylformsmide,
43 ethylene glycol, 5; glycerol, 6; 2-chloresthanol,
i £ g-propanbl, 83 ethanol, 93 methanol,
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 Pig. 6., Effect of various organic solvents on the resction with
ugse of fwglyoerophosphate as substrate. The ensyme assay
ivaa carried out as desoribed in the ‘text. 13 Aotivities
in dioxen, 23 pepropanol, 3; dimethylformsmide, 4§
scetone, 53 ethylene glycol, 63 2~chloroethanol.
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Pig. 7. Time curves in the sbsence and presence of 50 per cent
scetone in the ceses of regenerating liver snd mormal liver
of rat. The ensyme sseay was cerried out as desoridbed in the
text. BSolid linee express the activities in the presence
of 50 per cent. aewond,

m——gee 3 Aetivities with use of phosphoethanolamine
as substrate

* commttems 3 Agtivities with use of Beglycerophosphate
as substrate
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EPFECT OF ACETONE ON ALKALINE PHOSPHATASE ACTIVITY

MASAYORI INOUYE



MASAYORL INOUYE

strate is increased by several oxganic solveuts such as acetone, dlo~
xan, dimethylormamide and n-propasol, while the activity with g-
glycerophosphate is suppressed by these solvests (1).

 Inthe present work, the effect of acetone on the activity with
" from rat ascites hepatoma (AR 130). It was found that the activity
.‘mwmmwmmmmmw.

ine and p-sitrophenyl phosphate as substrates the

'm«mmmmummmmﬂ

. acetone and the difference in the sflect of acetons on the activities
with the two substrates is discussed.,




mmmmmmmmm
tion mixture was used for the estimation of fnorganic phosphate, since
no precipitate was formed by adding 10 per cent trichloroacetic acid
% puritied enzyme in the preseat work, Activity with p-nitrophenyl
Wwwmummmwww

in optical density at 430 mp isa.ﬁg y )
Mawmﬁmmmmatﬁgw
0.5 ml. of 0.1 M verenal-carbonate buffer, pH 9.50, and 0.3 ml, of
ensyme soluetion in a total volume of 1.0 ml.. In experimentzs with
organic solvents, 1.0 ml. of organic solvent and/or water was added
1o the reaction mixture described above, in a total velume of 2.0 ml..
After incubation at 37°C, the reaction was stopped by addiag 0.5 nl.
of 10 per cent of trichloroacetic acid for the activities with PE, GP,
and PS or 2,0 jal, of 0,5 N NaOH for the activity with PNPP, In
sxperimonts with low concontrations of PNPP, 3.0 ml. of resction

* The following abbrevations ave used in the present papers
- PE, phosphoethanclamine; GP, g-giycerophosphate; SP, phospho-
_M; W,WW |




and the reaction was stopped by adding 1.0 ml. of 1.0 N NaOH,
The color yleld was correctad ia both iaorganic phosphate and p~
aitrophenol estimations in experiments with organic solveats, since
the color changed with the amount and type of solvent, added 10 the
reaction mixture, .

In each experiment, a time curve was coustructed and Fig. 1
- shows sn example obtained using PE and PNFP as substrates in
the absence and presence of acetons. As showa in Fig. 1, linear
mmummammmm:smam |
mmmammum.

One unit of activity is definited at the amount of ensyme which
Hberates 1 pmole of inorganic phosphate or p-aitrophencl per howr,
when 0,01 M of PE or 0,002 M of PNPP are used as substrate in
0.001 M MgCl, at 37°C and pit 9.50. |
rat ascites hepatoma (AH 130) as described in the previous paper (1).
In the present work, partially purified preparations, (Fr. Il in Table
1 of the provious paper (1) ) were purified further with ribonuclease,
and G-200 (Fharmacia, Uppsala), as follows: A preparation extracted
with butanol and fractionated with acetone (Fr, II in Table I) obtained
from 365 g. of tumour celis, was incubated with 2 mg. of ¥ibonuc~
lease of bovine pancreas (Sigma Chemical Co,) at room temperature
for 20 hours and the digest was fractionated with acetone, A frac-
tion precipitating between 25 and 55 per cent acetone was collected
by centrifugation and dissolved in water (Fr, II in Table I), Next,




the solution was digested with 4 mg. of Nagase (bacterial protease,
mmm‘}amwammzm* After 2
bours incubntio ".&uﬁmmmmmmm
was continued for 2 hours mere. To the resulting solution, acetone
was added 10 & concentration of 60 pex cent and the precipitate formed
was collected and dissclved in a small amount of water. This solu-
tion was subjected to gel fitration through a Sephadex G-T5 columa
(3.5 x 25 em,) in 0.1 M sodium acetats. The fractions eluted in the
{0 to 60 per cent) (Pr, 1V in Tsble I). The procedure for parifica-

imﬂ

mummmn ﬂmummutwmm—
ful, Mghﬂ&%ﬁw,wwm&mg
a further puritied preparation was obtalned, as shown in Fig, 2.
mm&s %mm.mwwmw
msa.swmmﬁw mmmmmm
purified about 3.5 fold over Fr, IV in Tablel,




as substraies are shown in Table II and Fig. 3, respectively. In
the present wozk, Fr. IV ia Table 1 was used for all experiments,

{(Tadle )
{rg. 3)

m.&mmm. PNFP, GP and SP as substrates. It can
bo seen that acetons activates the enzyme with PE at concentrations
of 10 to 30 per cent, but not with PNFP, as already repoxted in the
previous paper (1). In the case of 5P, a slight activatica is obeerved
at concentrations of 10 to 20 per cent acetons, wiile the activity with

(g 4)

increase in the acetone concentration. Table Il shows the effects
of some oxganic solvents at concentrations of 25 per cent on the
ensyme activity with PE and PNPP, It can be soen that all the sol~
vests tested inhibited the activity with PNPP in contrast to the acti-



curves (Fig. 3), the ratic of the activity with PE t0 the activity with
PNPP was constant through the purification procedure, as shown in
 Tellel snd Pig. 2. This suggests that both activities ave due 10 the
mm« mﬁmmmmm. The enxyme
solution was incubated at each of the temperatures indicated in Fig. 5,
© at pH 9,50 for 3 minutes, and after cooling in sn ice-water bath the
 restdual activities were measured with PE, PNPP, GP and PS as sub-

. (rg. 5

from 50°C and almost all the activities with'all substrates wers lost
st60°C,

The kinetics of the reactions was aualysed to examine this
problem further, As showa in Fig. 6, PE acts as a competitive in-
hibitor of the activity with PNPP, Ki, the dissociation constant of
mmmmmwmmqwm-ﬁ? (z *-%-) "




where K, Vmax., and I are the Michaelis constant for PNPP (1,13 x
104 moles/liter, obtained trem the line ia the absence of PE in Plg,
6-B), the maximem velocity and the concentration of inhibiter (PE),
respectively. The Ki's were found 10 be 1.90 x 10”2 and 2,08 x 107>
moles/liter in the presence of 0,0050 M and 0,.0025 M PE, respec~
tively. These values are in quite good agreement with the Km for PE,
1.93 x 10”2 moles/liter, which was obtained from a Lineweaver-Burk
plot (3) for PE (Pig. 6~A).

(rig. 6)

' From theze vesults, it is evident that the same enzyme or the
same active site reacts with both PE and FNPP,

concentration on the activation and inhibition caused by acetone. With
PE as substrate, the activation caused by acetone increases with de-
crease in the concentration of FE, With 0,0010 M PE, more than

70 per cent activation was cbserved at a concentration of 40 per ceat
acetone, With PNPP as substrate, the inhibition caused by acetone

(Mg, 7
increases with decrease in m‘wumm It should de

noted that the suppression of the activity with PNPP is not due to the
denaturation of the ensyme protein caused by acetone, since time



mnmmﬁmwmmnmmm
;-tﬁwummmam,umum.h '
muuwmmmuammmm
as an iahibitor for PNPP.,

| m.smw':mmmmmwa
mmimmmum mwmmn
;vﬂmmmmmmmmmm
 case of P, and both lines cut the vartical axis vary near the point

(m' » 3)'

given in the absence of acetone (Fig. 8-A). The apparest Michaelis
constants were 1.42x 1077, 1,11 2105, 0,81 210> and 045
1073 moles/liter at 0, 5, 10 and 25 per cent acetone, respectively,
With PNPP as substrate, on fncrease in the acelons concentration,
the apparent Km values increased as follows: G.S‘Ixm", 1572
16, 1.61 x 107 and 1.66 x 16°* moles/itter in 0,5, 10 and 25 por
cent acetone, respectively. m,wmmm
mmmﬁmmhm
mmmwkzwm.mmmmw
mummmammmmm

M«mthﬂ%ﬂWPh)hm
uﬁcmmd,m??adm. respectively. When both subst-



‘xates axe present ia the reaction mixture, they will be hydrelysed

ot the same time by alkaline phosphatase, the one substrate Gorpétiag
tively inhibiting the hydrolysis of the other substrate, and it the change
awmmmwumwum
ammumummmmmwm-m
Mmammmmamw.uma
mmmmmmmummwmmm
by acetone will decrease in the prosence of both substrates. m.
‘a8 can be seen in Table IV, the activity with PE was increased by ace~
tone even {n the prasence of PRPP, while the activity with PNPP was
inhibited by acetone even in the presence of PE, Therefore, itis

and PRPP are independent,

MWW%WWM’M%&M
and presence of acetons for both PE and PNPP as shown in Pig. 9.
Aciivation energies caloulated fxom the slopes sve indicated in Fig, 9.
It was found that there is little ditference between them ia the sbsence
and the presence of acetone with sither subsirate,

(rg. 9)



In the previous paper (1), it was shown that alkaline phosphatase
- ensyme or the same active site participates in the hydrolysis of both
PE and PNPP, and that the suppression of the activity with PNPP by
acetone is not due 1o denaturation of the ensyme protein, since time
mmmwummﬁmmm,ﬁm
| mmm:smam ncubation period at 57°C (Wig. 1).
Ammmummmmmumm
 wits PNPP,
WW%-&},MMMW |
~ PNPP, MMWM&MW#WMM
of PE for the ensyme increased and that of PNPP for the enzyme de-
crensed, It was also found that the Tate constamt for dissociation
wwwmmmmam.mnmmw
acetone when PNPF was the substrate. B
| mmmmmmmwmmwwm ,
protein. This change is cansed by acetone in the presence of elther

w {0 -



served even in the presence of both PE and PNPP (Table IV)., Al~
though PE had more of a protective effect than GP on the inactiva~
tion caused hy acetons as shown in the previous paper (1), it is un~
known whether this protective effect of PE has any relstion with the
phenomens descrided above, It would also be possible to explain
the phenomens as dus 10 changes in the substrates caused by aceions,
Tather than as due to 2 change in the ensyme protein caused by ace-
 tone. Infact, the activities with compounds having:anino groups
such as PE and S, wexe increased by acetons, in contrast 1o those
with other compounds (Fig. 4). |

Eftects of organic solvents o engymo activities have been To-
parted in various papers (4 - 10), and Brahms ot al. (10) have shown
a relationship between the snsyme activity of myosia A and its confor-
mational changes caused by organic sclvents, They mentioned that
' the activation by solvents would be due 1 a partisl unfoldiag of myo~
sin in the region of the active site, If the same is true for alkaline
m,awummmmwmm
be inhibitory with PNPP but activatory with PE. Thess problems will
be elucidatod by exmmining conformational changes in alkaline phos~
phatase caused by organic solveats, using more purified preparations.,

1. The effects of acetone on the activities of alkaline phospha~—

w $l -



N

the activity with p-aitrophenyl phosphate (PNPP) was markedly
suppressed by several organic solvents, which increased the acti~

2. 1t was shown that the same snsyme or the same aciive site
participates in the hydrolysis of both PE asd PNPP,

3. The kinetics of the reactions with PE acd PNPP were sna-
lysed in the absence and presence of acetone, It was found that the
spparent Km, Michaelis constant, was decreased by acetone with PE
but was increansed with PEPP,

4. Prom these Tesults, the effect of acetone on alkaline phos—

The author wishes o thask Prof, S. Akabori, Prof. Y, Sakamoto
and Drs, A, Olkawa and T, Mateushima of Rational Cancer Research
Tastitute for thetr continucus encouragement xnd intorest ia this work.
Thasks are alse dus to Miss, T. Miyafl for her skilled technical

9312-



() Inouye, M., Ph. D. Thesis

) Inouye, M., and Ofkawa, A., I, Blochem., 49, 303 (1961)

@ Lineweaver, H., and Burk, D., J, Am, Chem, Soc., 56, 658
(1934) | | !

@ Laldlex, K. Jusy mm«. M.C., Azch, Blochem, Biophys
44, 338 (1953)

(5) Edasit, S., and Ebashi, ¥., J, Blochem., 46, 1255 (1959)

(§) Findiey, D., Mathias, A.P., and Ralin, B.R., Nature, 187,

. 601 (1960) |

@ Exai, P., Blockim, Blophys, Acta, 44, 610 (1960)

(&) Emai, P., Blochim, Blophys. Acta, 53, 218 (1961)

(@ Poik, J.E., Wollt, E.C., Schirmer, E.¥., and Cornfield, J.,

Blol, Chem,, 237, 3105 (1962)

R bee 57 3449 (i?ﬁ?}



"g.gome?

8.40x10*

5&2@:"@* ‘

5#’@3‘0&' =

100,

3.0

66.6

100,
5.0

7.2

57,5

54,3

1.10

1,20

1.10

1.10

h@

0.9

0.94

0.95

0,95




mmwmawamm
wm?ﬁumamm& Activities
maw, WM@WM mmw

. 001 MPE 1 100,
0.01 g ap 1o,
oo yare o 1235,
oormMes w0
o002M PNPP | 8.0
0005 MATP | 6.0
soosMaMP | 0 eme

b gm:




of solvents and 0,005 M PE or 0,001 M FNPF under the fol-
lowing condittons; 0.0005 }§ MgCl,, at 37°C and pHt 9,50,
Activitiss ave expressed as a pexcentage of the activity with
PE as substrate, |

Solvent (25%)

£
100,
35.0

4.7
22.6




Activities with PNPP in the presence of PE were msasured from the liberated p-nitrephencl
as described in the text, Activities with PE in the presence of PNPP were estimated as fol-
lows; inorganic phosphate (LP) liberated from PE) = (Total iP Hberated from both PE and

PNPP) ~ ({P liberated tfrom PNPP, which was estimated from the p-nitrophenc] Hiberated from

PNPP), Ensyme assay was carried out at pH 9,50 in 0,0005 M Mpa,

{n the absenice and pre~

sence of acetons, mammmm“amnmmvmmmm of

acetone,

(ﬁt}QS)‘ |

1,

TR

(23,008 |(100.° | (s3.0%) (66.0°| (100,00 |

9.0
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| (vz.e)*
Mo -

3.1

8) par cont of the activity in the absance of PNFP

b) per cent of the activity in the sbseace of PE
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Pig. 1 Time curves of alksline phosphatase motivity in the
absenoe snd presence of acetone, Fhosphatase sotivity
was assayed ss desoribed im the text.  As PE (0.01 })
and B § TEPP (0.002 X) were used es substirates in the

sbeence and presence of scotone.




FRACTION NUMBER

Pig. 2 Gel filtration of Fr. IV in Tablelcn Sephadex

(s3un 10301 ) ALIA 119V

—_
by
~ {00
Bask
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= —300
2
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—200
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0 | L " ¥ 1
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G-200,  Two ml, of Fr, IV were applied to & column of

Bephadex G-200 (3.5 x 23 em;) in 0.1 g sodium soetate.

The column was eluted with 0.1 ¥ eodfum soatate and 2 w1,

fraoctions of effluent were collected.
—s $ sbsorbancy e% 280 mm
ezt sotivity with PE (0,01 M)
oo 8 setivity with PNFP (0.002 X)
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Fig. 3 pHe-activity curves with IE and FNPP as subetrates. |

mm essay was cerried out as deseribed in the text. Activities

Miatod sre expressed as a fnmmﬁgs of the sotivity at

P 1Di0 , measured with PHPP as uub-mu. *—i 8 sotivities

}mnmd with PE (0.01 H) and o—— 1 with PNPP (0,002 K)
anbstrttn-
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Pig. 4 PREffset of scetone on 2lkeline phosphatase sctivities

with verious substrates,  The ensyme sssay wae earried
out 88 agg;i-ﬁ«a; in the text. Activities sre expressed

as 8 pnm_un-kagi of the setivity im the absence of scetons ;
x—x ¢ ¥B (0,01 ¥), o—o0 s PNFP (0,01 ¥), 2~—= 1 P8 (0.01 ¥)
and oo ¢ GP (0,01 ¥) were used ss substrates.
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Pig. 5 Heat inmctivation of alimline phosphatase.

The ensyme solution was incubated at the tomperstures

indicated at pH 9.50 for 3 winutes and after cooling in

sn ice-water bath the residusl activities were assayed with
x—x 1B (0,01 ¥), o—c 3 PHFP (0,002 g),M; GP (0,01 ¥) ~—2~

and P8 (0,01 ¥) as substrates.
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Pig. 6 Lineweaver»Burk plots with PE and FEPP in the

absonce Am presence of FE,

A} Iineweaver-Burk plots with FE and B j with FEFP in the
sbsence and prosence of 2.5 mM snd 5,0 mif of PE ot pH 9,50
in 1 mM Mgll,. '
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Pig. 7 Effect of substrate oomocentration om ectivation
and ishibition by mcetone. The enszyme avsay was carried
out as desoribed im the text., Activities are expressed
as & percentage of the activity in the absence of acetone.
Y—x 3 ¥E an@ O-—0 j PNFP were used as substrates at the
various concentrations indicated im the figure .
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hg. 8 I.inmuuramrk plots with FE and PNPP in the abssnoe
and presence of ﬁmﬁm.

M mmaver-nurk plots with FE and 3; with FUFP in thc
abmnoe nd presence of scetons at PH 9,50 4n 5 B NgCl,

The concentratione of scetone are indicated in the figure

as volume per cent,




Pig. 9 Arrenius plots for slkaline phosphatese in the

‘n%aanuﬁ and gwwueaaa of aaatans.

Ensymne mmg' was carried out at pH 9,50 i.n 0.5 m Mgll, ,

A nmn ¥ (o.al __) and B § with PFPP (0,002 M) in the
d sbgence and presence of scetone, The concentrations of

acetone truziaﬁiastad‘ia tha gigarsias voluss per oent.




