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I. INTRODUCTION

An increase 1n the activity of alkaline phosphatase was observed in

an ~ vitro system containing soluble and particulate fractions fro~

Bacill us subtills (Whiteley and Oishi, 1963 ) . In ·order t o datennlne

whether the i ncr ease was due to activation of pref ormed enzyme or enzyme

synthesi s , a stu~ of t he proper t ies of the enzyme was r equired. Although

alkaline phosphat as e was f ound t o be an exoenzyme in !!.. subtUis {Cashed,

and Freese , 1964 ) , l ittle was known about the other properties of the

enzyme.

In contrast. the alkaline phosphatase of Escherichia coli has been

studied extensively. The properties of a highly purified enzyme, mechan­

ism of action . localization of the enzyme in the cell, as well as the

geneti cs and r egulat ion of enzyme synthesis have been investigated. In

addition . 1E vi t r o synthesis of alkaline phosphatase has also been

reported (Bishop, II &.,1964; Manson , II &. , 1965) ; Because of t he

possible influence or these finding s on the p roblem. ot enzyme aot i vat i on

or synt hesi s in!!. eubt1lis , information concerning the §. coli enzyme

will be reviewed briefly.



rr. ar.""VIEli OF THE LITERA1IJ HE

A. Properties and Mechanism of Action of § . coli Alkaline Phosphat ase

1. Function.

Alkaline phosphatase was thought to provide the cell with inorganic

pho sphorus by hydrolysis of: phosphate esters (Torriani. 1960). In cul­

tures supplied with both organic and inorganic phosphorus, the l at t er was

used preferentially for growth. When the inorganic phosphate was exhausted,

alkaline phosphatase synthesis increased and phosphate was released from

organic esters. Mutants lacking alkaline phosphatase ware unable to grow

on a mediue. containing glycerol phosphate as the only phosphate source

but grew normally when inorganic phosphorus was supplied (Levintbal. 1959).

2. Subst r ate Specif ici ty_

The enzyme was found to be active on a Wide range of monoesters tested

(Heppel. II & •• 1962). Pyrophosphatase and ATPase activities were also

observed, but no d.1esterae8 actiVity was found. These reactions had

s1mUar Michaelis constants indicating that the enz,y1l:le interacted spec­

ifically with the phosphate group, and other structural components of the

substrate molecuJ.e were unimportant.

3. Size and Electroehoretic Species .

Purified ~ 'alkal1ne phosphatase was found to be a spherical molecule

or 80 ,000 molecular weight. sed11l1enting as a single peak in the analytical

ultracentrifuge with a sedimentation coefficient of 6.35 (Garen and Levin_

tbal. 1960). The enzyme was composed of two identical monomers (Rothman

•

•



and Byrne . 1963). each containing: an at om of Zn++ mlch was r-cqudred f or

enzyiaat dc activity (Pkocke , a t al •• 1962a.b) . The enzy.ne traveled i n four

or five bands \o.o~en subjected to el ectrophoresis through starch bels (Bach .

et. al•• 1961 ). suggesting that the peptide chains maki ng up t ha monomer--
could exist in sever al states with r e spe ct to net charge (Levkrrt hal, , at .fl.•

1962) . All bands wer e thought t o be products of the s eae gene because

they ....ret -e altered to the same extent by a si ngle mutati on (Bach . ~ &,0 '

1961 ) .

4. stabilit y .

The enzyme was found to have unusual stabili t y with r e spe ct to

denaturation by beat. trichloroacetic acid . and pr oteolyt ic enzymes . In

crude extr a cts . the enzyme remained act i ve after 30 minutes at 850C ",'hile

the purified enzyme vas uns t able at t he same te:nper ature unless O. OlM Hg++

was presen t (Garen and Lev1nthal . 1960). Phosphate also protected t he

enzyme against heat inactivation while salt (O. lM NaCl) r educed its

stabili ty (Heppel • .tl al•• 1962) . Both intact enzyme and monomer-s derived

by r eduction of the enzyme wit.'l ure a and thioglycolatc were r esistant t o

attack by pr ot eol ytic enzymes (Levinthal, ~ &. , 1962) . Preci pitation of

<t!le.; :, enzymec cs with ·S:t TeA r esuJ.ted i n only a 50;'. l oss of enzyrne activity

( Schwartz and Lil""=. 1961 ) . Sixty pe r cent of the act.ivity l os t ,,-hen t he

enzyme wa s subjected to pH 's bet~~en 3.5 and 6.0 was r ecover ed when the pH

was incraased to 8.0 (Pigrett1 and H.llstein, 1965). Treat$ent of cel ls

with toluene or storage of cells had no ef f ect on activi t y (Torriani. 1960 ).
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5. I nhibitors .

In addition to end product inhibition by orthopho sphat e (Horiuchi .

II & . , 1959 ). other inhibitors of enzymatic activity included HAso4'

- ++ ++ ++(Oar-en and Levinthal. 1960) , eN • co • Yo • Cu t and chelating agent s

such as EDrA and 1. l O-phel\Yl ant hrol i ne (Plocl<land Vallee, 1962b ). The

metal ions and chelating agents pro~ably inhibit im zyro.atic activity by

displacing
Hzn frem the enzytle.

6. Mechanism of t he Reactior..

The active center of the enzyme has been identified as a phosphate_

accepting serine residue ( Schwartz and Li pmann, 1961; Engstrom, 1962). and

the amino acid sequence around it has been determined (S chlo,..artz, 21 & .,

196); f11lstein . 196) . Studies on the hinding of l abeled orthophosphate

to this serine residue showed that i ncorporation was greatest at pH 4. 0

and decreased with increasing pH . while the reaction velocity was maxtraum

at high pH (Engstrom . 1962; Schwartz , 196). However. phosphate i oh1bi t ed

the react ion at pH 8. 8 (Torrian1 . 1960) where binding was mio1mal ( Schwartz ,

196). From this evidence , SChwartz (196) hypothesized that the enzyme

had we sites: an ionic binding slto , possibly containing zn++ . and a

site of phosphorylation, the hydroxyl group of serine. A phosphate ester

or orthophosphat e would be attracted to the bindinz site, then tran sferred

to the s i te of phosphorylation with the accornpa.""'lY1nz hydrolysis of the

substrate (or removal of the H+ i on) , leaving the phosphat e attached t o

the serine. The final step would be the di ssociation of t he phosphate

!'rom the enzyme.
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To explain the vari ation in the incorporation of p; 2 ',,11th char-Jing:

pH , it was suggested t hat the r at e of t ransfe r of the phosphate £1"0:.3 tho

bin~ s i te to the phosphorylat ion site was not favored at high pH due

t o the negative charge on t he phosphat e inhibiting t he nucleophi lic

attack by s erine (Schwartz, 196) . Thus, at pH 9. 0 phcspbate could s t ill

bi nd ionically to the en zyme and bl ock the attachment of the substrate

but little phosphorylat i on could occur. The fact that more than one

Mole of phosphat e i s bound by the enzyme suggests t wo act i ve s ites per

mo1e~ule (Pigretti and Milstei n, 1965).

B. Genetic Regulation of Alkaline Phosphatase Synt hesis in ~. coli

1. st ructural Genes .

Synthesis of alkaline phosphatase depended on t he presence of t he

r equisite structural gene (P) (Levinthal, 1959; Garen , 21 &., 1961 ).

Mut ati ons in this gene result ed in the synthesi s of an alterad enzyme ,

detected by changes in the f ingerprint pat terns of trypti c di ges t s of t he

enZYtll6 (uaren , et 31., 1961). In some instances, lllut ant he'terozygct es

(P-/p_) c.:>u1.d produce active enzyme, presumably by intracistronic comple­

mentation (Garan and Garen , 19630 ) . J!l vitro co:np1ementation was also

demonstrated with mutant monomeres produced by treatment of CRM with urea

and thiogly co1 at e or acid (Levinthal, ll. &., 1962; Schlesinger and
•

Levinthal. 196); Schlesi nger , et al •• 196). Since the c ol'lbining of the--
~G¢~eswas found to be dependent upon the presence of Zn++ ( Schlesinger

and Levinthal, 1963), and its re1aase occur red when dimers were r educed

to mono~eric form (SChle singer , ~ !h. . 1963) , it was proposed that t he

climer was held together by ionic bonds stabUized by Zn++ (Schlesi nger

and Levinthal, 1963) . Intergeneric ccr.nple:nent ation was demonstrated
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between the :nonomers of ,2,- marca s cens and !. coli , suggestine t hat alt hough

the amino acid composit i on of the enzymes of the two organis:ns di f f ered ,

they had sirUlar secondary structures and active sites (Levlnthal . £1 al • •

1962).

2. Re~ulato~ Genas .

Repression of alkaline phosphat as e synthosis by i norganic phosphate

was f i rst described by Hor iuchi and ,~rkers (1959) . The synt hosi s of the

enzyme was under cont r ol of t wo r egulator genes , Rl and R2, s i nce Iilutat ions

wer e found to map in two different r egions (Echols , & .2!• • 1961 ). Because

these constitutive mut at i ons were recessive in both the cis and the t rans

positions, it was postulated that both genes acted through a cytoplasmic

product . The natura of the product of the Rl. gene was suggested by the

f act t hat Most Rl mutants pr oduced Iouch lower levels of eneyae than the

wild typo or R2 mutants (Garen and Echols . 1962a). I t was pr-oposed t hat

the Rl gene caus ed t he pr oduct ion of an inducer wa i ch was converted by tho

product of the R2 gena in t he presence of high phosphate into a r epressor.

The theory was further supported by evidence showing that phosphatase

negative mutations mapped i n t he Rl r egion and complemented With P­

mutations (Garon and Echols , 1962b).

The chemi cal nature of the r epre s sor has be en studied f rom several.

aspects . In a geneti c appr oa ch , the re~ator genes were said to direct

t he formati on of prot eins because some of t he consti tutive mutations could

be counter acted by a suppressor r:outation mapping: at a dista."tt site (Garen

and Gar-en , 196J a ). It was suggested that the suppr-esso r mutation had

changed a nonsense amino acid code ~~rd to s ense through a change in the

S-&':A. Thus, the suppressor mutat ion ~"Ould only be effective i f t he pro­

duct of the repressor gene ware protein.
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Studi es on the effect s of i nhi bi t ors also supported t he hypot hes i s

that t he r epre s sor is a pr ot ein {Gal.Lant, and Stapleton. 1964 ). Ir.hi bit-

ing DNA synthesis in thymi..nSles s cells or usi ng 5-fiuorouracil t o inhi bi t

R.~A synthesis had no ef f e ct on the repression of alkaline phosphat.a se ,

whereas chloramphenicol apparently prevented the synthesis of t he repressor .

Direct che:n1cal evi dence t hat the RZa gene speci£'ie s a prot e i n was

obtained by Garen and Otsuji (1964). A speci fic "R2a protein" pr oduced

in cells grown i n low phosphate medium was isolated. Cells having tnutat10ns

in the RZa l ocus produced altered R2a protein. Since the regulation of the

protein was similar to that of alkaline phosphat ase (produced in low but

not high phosphat e med.1wn) . RZa pr otei n could not be the r epre s sor itself

but could be a precursor to t he repressor or participat e in some other way

in its f ormation.

C. Localization of Alkaline Phosphatase

1 . Co:rroar1s on of Enzyme Localization in E. coli and B. s ubti l is.- -
The ~. coli enzyme was found to be prlmarlly sol uble (Bishop. ~ & .•

1964) with only 5-10% associated with the r ibosolUos (Yearbooi, Carnegie

Inat.. 1960). The enzyme was localized between the cell wall and the
•

plasma membrane, and was ral eased into t he med1\m. upon spheropl ast formati on

using EDTA and l ys ozyme (Malamy and Horecker . 1961, 1964) or EDTA alone

(Neu and Heppek , 1964a) . Ho....-ever . t he enzyme was not raleased when

spheropl asts resulting frolU penicillin treatment were formed (Malamy and

Horeckor. 1964 ) . Thus. the release of alkaline phosphat ase was dependent

on t he act i on of EI7I'A w 1ch was raported to c ause a change in t he penneabU-

ity of t he cell wall (Lei ve, 1965 ).
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In contrast to the sol uble E:. coli enzyae , the !!. subtllis enzyme

was associated mainly with the parti culate fraction (r1hit eley and Oishi .

196;). However . a large percentage of t he total onzyme was report ed to

be excreted i nto t he medium during the l ogarit hmic growth phase of i!'

subtUi s (Cashel and Freese, 1964).

2. Exoenz~es in B. subt ili s.-
Numerous degr adat i ve enzymes besides alkali ne phosphatase have been

r eported to be exoenzymes i n B. subt Uis: amyl as e (for a review s ee

Pollock, 1962), penicillinase (Pollock, 1961}, R.~Aase (Nishimura , 1959),

proteolytic enzymes (Hagihara , ~ &., 1958; Rappaport , ~ &., 1965} ,

and lysozYtle (Richmond, 1959 ). The mechar.1sm of l i b er at i on of these

excenzymes is unknown (revi e",..d by Pollock, 196z ). Some (~.!>. , penicill in_

ase; Kushner and Pol l ock. 1961 ) may be synthesized at the call membr ane

or be releas ed from. the cell wall (!.Z,•• lysozymei Young and Splz1zen,

1963 ). kilylase appears to be activated just prior to its release (Yoshida ,

~ !!. , 1960a, b ), with only SIllall eeccms of act i ve enzyme being trapped

inside t he cell by sudden chilling (Oishi, et 01 . , 1963). The role of--
the ~. subt U 1 s lyso zyme and proteolytic enzymes i n t he excretion of

en_e. and other macromol ecules such as RNA (Demain, ~ & . , 1964, 1965)

i . not kncen (Nomur a , ~ & . , 1958: Pollock, 1962) .

•



III. · METHODS AND NATERIALS

A. St r ains

12.. sub t U is strain 6, a parti al constitutive, was obtained from t he

Department of Genetics, Institute of Appl ied Microbiology, Univer si t y of

Tokyo. 1!. 5ubtilis strain X, wild type, came from the Department of

Enzymology t Institute of Applied Microbiology , Univer s i t y of Tokyo.

B. Conditions of Cultivation and Derepression

Cultures ware maintainad on TSY slants. Der epression of st r ain 6

was optimal. in nutrient brot h , whereas strain K was der-epres sed maximally

in l act at e medium (NaCl 3 . 0 g. Na lactate, 2. 0 g, Bac'to peptone 10.0 g .

Tris 3.6 g!l. pH 6. 8). All cultures were incubated with shaking at 370C.

Cells were harvested, washed onoe with distilled H2O and frozen.

C. Preparation of Extracts

1. Sonic Oscillation.

For experin1ents with strain K, cell_free extracts were pr epared by

subjecting cell suspensions to sonic oscillation at 10 kc in a Raytheon

sonic oscillator for 50 minutes followed by centrifugation at 27 .000 xg

for 30 minutes to remove debris and intact cells. The r esulting supernat­

ant fraction was used as the source of enzyme. When small s amples were t o

be assayed (f or exampl e . in experiment s on 'the derepression of strain 6) .

2 mls of a cell suspension were subjected to 10 kc in a MSE oscillator for

3 minutes.
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2. Toluene Treatment and Fr ee zing and Tha\,'in1 .

Cells were treated with toluene (0 .1 ml toluene/l.O ml cel l susp~nsion)

and incubated fo r the indicated length or time at :37°C before assaying or

SUb jected t o repeated r apid f reezing at l Ooe and thawing at J7°C.

J. French Pressure Cell.

Cel ls were usually suspended in nut buffer (O.DlM Tris, 0.111 Kelt

a . OlM 11g" Acetate ; SChaechter, 196J) and disrupted by passage once through

a French pressure cell. The resulting suspension was centrifuged at

27 .000 xg tor 30 minutes and t he supernatant fract i on ("crude extract" )

was removed. For one eXper iment , TS'1 buffer (O.OL"J Tris , O.004H succinic

aci d . 10·4M Mg Acetate; Aronson and McCarthy. 1961) was used instead of

TMK.

D. Preparation of Ribosomes

. A crude extr act was centrifuged at 27 ,000 xg tor one hour and the

supernat ant fraction was centrifuged further at 100,000 xg for) hours.

The supernatant from the s e cond centrifugation . S:Loo ' was usually dialyzed

against 100 volumes distilled water fo r 4 hours. The sediment from t he

second centrifugation, P100 ' was r esuspended in TMK buffer and usually

di alyzed against nlK as indicated under the appropriate figures. For

~ollle experiments r P100 fract i on was r e suspended in 'll{l{ buffer and sedimen­

ted at 100, 000 xg for) hours. The sediment was r ef e rred t o as PIOO_2 '

the supemat ant fraction as s:!'OO-Z.
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E. Localization

1. Cel l ular Distribution .

An extract , prepared by using the French pressure cell. was centri-

f uged at 5. 000 xg t o remove intact cells, and t hen cent r ifuged at 27 ,000 xg

f or ; 0 minutes t o sedj.nent lldebris . " The supernatant fraction was r-ecent.r-k-,

fuged as des cri bed under preparation of r i bosomes except centrifugation at

27,000 xg fo r 1 hour was omitted.

2. Protoplast Formation.

Cells fran cult ures 1n t he logarithmic growth phase were washed once

in stabi l i zi ng sol u t i on (15~ lactose . O.OlM r~C12 ' O.lM Nael , O.OlM Tris ,

pH 7.3) and then r esuspended in the stabilizing solut ion at a concentration

of 0.2 g wet weight cells per ml solution. This

40° C and an equal volume of stabUizing: solution

suspension was warmed to
U.l

containing 800"per ml

lysozyme ( also at 4QoC) was added. After 40 minutes of incubation with

occasional sti rring , r emaini ng intact cells and protoplasts were r~oved

by centrifugation at 5.000 xg for 20 minutes and resuspended in stabi liz-

ing solution l acking Lysozyme, The suspension was divided into t wo parts

and the detergent l ubrol (Imperical Chemical Industries , London) was added

to both to aake a final concentration of 0;101.. After 10 minutes of con-

tact with l ubrol, the cells were lysed and both fractions were centrifuged,

one ' at 27,000 xg f or 20 minutes to sediment intact cells and protoplast

debr is , t he other at 3 .000 x g for 20 minutes to sediment intact cell s only ..

F. Sephadex Gel Filt rati on

An at tempt was made t o fract ionate the ribosomes present in a crude
•

extract by gel f ilt ration using Sephadex 0-50 (Pharmacla , Co . , Uppsala .
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S,...e den) . A column 20 em l ong and 1.5 em in diameter Has l oaded with 2. ill

of crude extract and eluted with THK buffer. The protein-containing

f r act i on was di v ided. i nto two parts : that which was eluted in the first

3.5 mls following t he void volume. "sephadex A, n and that ",,-bleh was eluted

in the f ollowing 4:"0 mls . "sephadex B." The fractions and the crude

extr act were then centrifuged at 100.000 xg fo r J' hours, the sediment

resuspended in TI1K buffer. and analyzed by sucr ose density gradient cent.r-L,

fugation.

G. Sucrose Gr adients

If the ribosomal preparation had been frozen. i t was first cent ri­

f uged at 27 .000 ~ for IS minut es to r eaove aggregated mater i als . One­

t enth m1 of the preparati on was then l ayered on a linear .5 t o 20~ sucrose

gradient containing THK buffer (the l-rg"'concentrat ion depended on the '

experiment) and centrifuged at 115.000 xg usually for 2. 5 hours . ·The

tubes were punctured at the bottom and 2 drops collect ed i n each fract ion.

The fractions containing l O-2r-r Hgwere diluted with 1.0 ml of O.Ol1i Tris ,

pH 7.4. and those containing 10-~ 11g"wer e diluted with 1.0 ml of O. OlM

Tris. pH 7.4, and 10-~' Mg:' The optical density of the diluted fractions

at 260 mu was measured and t he alkali ne phosphat ase activity det.e rsnned,

H. Determination of Sedimentation Coeffi ci ents

by Analyti cal Ultracentrifugation

Ribosomal preparations or extracts were cent r i f uged at 50.740 X3: at

200 e in a Spineo :I"odel E analytical ult racentrifuge equapped With SChlieren

optics. Bot h single v ector and wedge window cells were used. 'rna observed

sediment at i on coefficients were calculated by the mOVing boundar,y method
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1 d 1ni
WZ dt

(Schacru, an. 1959 ).

I. Fractionation of Extracts

All manipulations were peerorecd in the cold. Protamine sulf at e

(0 .5 ml of a 2~ solution per 10 mi of extract ) was gradually added to a

crude ext ract with stirring and the resulting precip i tate removed by

centrifugation at 27 , 000 xg for 20 minutes. The sediment was r esuspended

1n 2. 0 mls of dist illed water and combined with a crude ext r act that had

been treated with 20 ¥ /mJ. of both RNAase and DNAase for 20 minutes .

Fractionation of this mixture with powder-ed ammom um sulfate gave f ractions

of 0-)4~ . 34-/>4%. 44-47'%. 47- 50:'. 50-55%. 55- 62%. 62-75'J,. Fractions

between 34-47~ saturation, "ontai.n1n~ 65~ of t he enzytrlatic activity , wer-e

combined and r epreci pi t at ed with s at urated (N!l4)2S04 solution. pH 8. 0.

Approxilllate1y a 3-fold increase in specific activity was obtained through

the procedure .

J. Electrophoresis

S:!.oo preparations f rom strains 6 and II:. partially pUrified st r ain 6

en~me (prepared as described under fractionation of extracts) and partially

pu rified E:' coli enzyme (Worthin;lton Biochemical Corp . BAP_SF 6145 ) "..r e

subjected to electrophoresis through aCr.1l~1de gel s using e i ther ll~ or

7. 5~ gel (prepared according to a p amphket; fro.'U Canal Industrial Corp • •

4935 Cordell Ave •• Bethe sda. l1ar"Jland). All enzytne prep arat ions wer-e

layered as solutie:tl.G without polymerization on t he large pore upper Cel and

were subjected to a field of 4 CL.'ll.PS per gel at room. 'tenperatuz-e, The gel s

were stained fo r enzyme activity using the method of Allen and Hync1k (1963).

substituting Fas t Blue for Nuclear Red.' and fixed according to Lavinthal

(1962) .
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K. Assay

The enzyme was measured by det.eomni.ng the r at e of hydrolysis of
.

p-nitrophenylphosphate (N?P) , in t he presence of o.6H Tris buffer, pH

9. 4 , and ei t her 2.0 or 1.2 x lO-~1 NP?, i n a total volume of 1.0 rol. In

the case of the strain 6 enzyme , lO-~1 Mgttwas al so included i n the

reaction mixture. After incubation at 370C for the desired l engt h of

time, the reaction was st opped by adding 1.0 ml of either 1.ON NaOH or

2.0M KZHP04' pH 8. 5 _ For some exper iments (not ed under the appropri ate

figures) slight modifications of these conditions were used. A unit i s

defined as the amount of enzyme preparation which gave a change in optical

density of 0.1 per Ulinute. Protein deteminations were made using the

method of Lowry and .'Orker s (1951).

L. Abbreviations

The following abbreViations are used in this p aper : EnTA.

ethy1enediaminetetraacetic acid: Tris, (hydroxymethy1 ) amino_methane:

PVS, polyvi.nylsulfate; NPP, p_nitrophenylphosphate; CRIol. cross-reacting

material.

I
1

·1



IV. RESULTS

A. Properties of the Reacti on

1. pH Optima, Buffer Concentt"ation 2nd J<m Values~

'!he hydrolysis of NP? by crude ext racts obtained from der-epressed

strain K (wild type) was compared w:l.th t hat of an SJ.OO preparation (see

Methods) from strain 6 (partial constitutive). The r eaction for each

preparation was found to be linear with t ime and proporti onal t o the

amount of enzyme present. For t he s t rain K enzyme. t he concent r at i on of

Tris buffer necessar,y for maximum activity was 1. OM (f igure 1). In con_

t.r-ast., the strain 6 enzyme showed maximum activity wen t he Tris buffer

concentration was o. sa. A pH of 9.4 was optimal for t he s t r ain K enzyme

while the strain 6 enzyme showed maxiJllum activity at pH 10.0 (figure 2).

The opt1mum substrate concentration for the st rain K enzyme was approxi_

mately 2 x 10-~" and the Km, 1.9 x 10.4 (figure ;). In cont r ast , the

strain 6 enzyme had a much larger Km of 2.; x 10-; and a b~phasic curve

was obtained with increasing substrate concentration (figure 4).

2. Effect of NaGl, EDTA, and Mercaotoethanol .

In contrast to the E. coli en=e (Wilson, et 81. , 1964), the s t r ain- --
6 enzyme vas inhibited 50% by O. ll{ Nael. Howe'ler , like the £<. coli enzyme

(Garen and Levinth81. 1960; Plocke, et al•• 1962a), t he st r ai." 6 enzyme was--
inhibited by EDTA, a concentration of l O-4x producing 65~ inhibition of

activity in a crude preparation.

Since mercaptoathanol was aasuaed .t o pro:not e the fomation of the

most stable configurati on of the enzyme by increasing t he ease ",1.th whi ch

,
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stiI:lulated by supernatant f act or s. At l O-4r1 ~.: g:++ , c hen i ncr ea s1n:; amount s

of super nat ant were added to a constant amount of a parti culate pr eparation

dUring a ssay. an i ncrease in activity wa s obs erved only after t ho super c,

natant concentration in the reaction mi.....:tu r a r e ached Do certain l evel

(figure 6). In contrast, at l O-2MMg++. act i Vi t y i ncreased when the

supernatant concentration in the reaction mixture · was much l ower (f ib'1lr e 7 ).

As seen from Table 2, the activities per ml of enzyme i ncrea sed more in

the presence or 10-2M V~++ (73%) than in t he presence or 10-~1 }~ (30%).

B. Electrophoresis

For ccmparative purpo ses, the electrophoretic species of alkaline

phosphatase from ~. subtili s st r ains 6 and K and Eo. col i were eXalIlined

using disc gel el ect rophoresis. 'Ihe g,. col i enzyme migr ated in 4 bands t

3 close together as reported by Levi nthal (1962) and one closer to the

top of the gel. Three to four multiple bands \\ere seen wit h both soluble

preparations or strains 6 and K enzymes and the parti ally purified st r ain

6 enzyme. However . an accur at e determination of the number' or bands was

not possible due to the difficulty in obtaining good separation of bands ,

possibly because of interference frolt other proteins since very concan­

trated preparations vere used. It may be tentat i vely concluded . however,

that the patterns of m1&ration of the t ....rc 1t. subtilis str ains were not
•

similar and that these patterns al so dU rared rro:n t hat obtained with 'the "

~. coli enzyme .

c. Localization

1 . Extracellular.

It was reported that ~. 5ubtUis excr et ed alkaline phosphat ase

quantitatiVely into the medium duri ne: the logarithmic gr owth phase . {Cashek
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and Freese, 1964). The possibi lity of such Qxcretion in st r ain 6 was

examined by st udying the appearance of the enzyme intracellularly and in

the medium (figure 8 ). Derepres si on began after approximat el y f our hours

of incubation. At this time, mo st of t he enzyme was present in t he medi um.

After the sixt h hour, t he an~unt of enzyme in t he cell s increased , but the

amount in the medium decr eased. This los s o.f activity could have been

due to dilution or to the action of extracel l ular prot -eas es (Hagihara,

~ &., 1958; Rappaport, ~ &., 1965). By t he eighth hour , the amount

of enzyme retained in the cells exceeded that found in the medium. After

25 hours of growth, a specifi c activity of 240 was at t ained; 71% of the

activity was found in the cells.

2. Cellular.

a. Permeability barri er. Both strains 6 and K appear t o have a

pemeability barrier to the substrate (figure 9) . The pemeability of

strain K cells changed after 2 min of expo sure to toluene. the enzymat i c

activity rising from 15 units/ml t o 20.6 umts/ml. However , t he r ele ased

enzyme was partially inactivated during the SUbsequent incubation with

toluene. A slight rise in activity f ollowed by a l arger i ncrease after

45 minutes of toluene treatment was observed with st rain 6 cells. Fi gure

10 shows the increase in activity of strain 6 cells upon repeated f reezing

and thawing. Cells frozen and thawed 8 t imes and then treated with tolue:w '

showed a decrease in activity.

b . Localization between t he cell wall and cell membr-ane; An attempt

was made to determine whether alkaJ.i ne phosphatase was l ocalized between

the cell wall and cell membrane as in E. coli (Malamy and Hcrecker -, 1961).-
Cells were treated with lysozyme and t ne result ing protoplasts were lysed

when 1:' lubrol was added (figure ri ). The enzymatic acti vi ty of the
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pr otoplast debris was corrected for act i vi ty due to the pr-esence of intact

cells. ~'l'hether the enzyme was l ocalized between the cell wall and the

cell membrane could not be determined because most of the enzymatic

activity was lost duri ng separat i on of t he protopl ast s from t he super ­

natant fraction containing lysozyme . Released pr-ct.easea or l"Jg ++ present

during protoplast fonnation could have caused the ina etivatacn , The

r ema1n1ng activity was divided between t he particulat e and sup ernat ant

tractions, suggesting that at least part of the enzyme was membrane bound.

3- Particulate Nature of Alkaline Phosphatase.

a. Intracellular distribution of enzyme. Previous work indicat ed

that much of the cellular alkaline phosphata se 1.4'"'1 s train 6 was a ssociated

with the particulate fraction (Whit eley and Oi shi , 1963). Following thi s

line of inq,uiry. a s t udy of the cellular di s tribution of t he enzyme r evealed

that 80}l was particulate, ei ther bound to the riboso..ee (P100 fraction)

(44%) or associated with the debris (J6;t) (Tahle 3). The alkaline phos-

phatase associated with the ribosomes was s t rongly' bound; when t he ribo_

somes were wa shed (PIOO_Z) ' specific activity increased. showi.ng that

other proteins were mor e eas ily r emoved t han alkaline phosphatase.

b. Ribosomes of B. subtlli s . A study of the ribosomes of B. subt i l i s--
was undertaken when it was obs erved t hat much of t he cellular alkaline

phosphatase was associat ed with t he PI OO fraction. The sedimentation

patterns of various ribosomal preparations are shown in figures 1 2 and 1).

The ob served s edimentation coef f i ci ent s of the ribsoroes in the crude ext r act

ware smaller than thos e in t he PIOO-2 preparation due t o the difference in

viscosity of these two preparati ons. When t he ob served sedimentation co­

efficients of ribosomes in t he crude eXtract were mult ipl ied by a partial

correction .factor for viscosity ,
n
00 ' (SChachman, 1959) , t he 54s coeffici ent
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was r ais ed t o approXimately 70 S. the 415 to 50S and the 795 to 1005. No

correction f act or was made for viscosity in the PIOO_2 preparations .

As observed With !. coli ribosomes (T1s sieres, 1959), at lO- 2~ Kg++ ,

70S and heavier forms were predominant especially in the crude extract

wile at lO-~O{ l1g++ I 50S and JOS were the main species pre sent. However ,

in contrast to E. coli. the ribos ome s of B. subtilis appear to be fairly- -
unstable. &unmarizing the results of approximately 20 sucrose gradient

cent rifugat i ons , degradation of ~. subtlli s ribosomes occurred in crude

extr acts prepared with ei ther TS1 or TMK buffer (0.0111 KCl ) at 10- 211 11g++.

In contrast, ~. coli extracts prepared 1n TSi buffer were stable f or at
'.

l east 20 hours (Bolton , 1958). At a higher salt con cent r at ion (0 . 111 KCl) .

and l O-2r1 I1g7 70S and 5Os~. subtilis ribosomes were more stable whereas

the 305 ribosome was degraded under these conditions (no 305 ribosomes

app eared in the P100-2 preparation at 10- 211 11g++). At 10-4;1 Hg++ , JOS

and 50S units were more s table in l ow s alt (O .OlM KCl in T!1K buffer) or i n

TS1 bufrer.

c . Enzyme distribution on the ribosomes . \fuen a crude extract con­

taining lO-4M Mg++ was centr~uged in a sucrose gradient , the pattern

shown in figure 14 was obt ained. By comparing this pattern of sedjmen-

t ation with that obtained with preparations analyzed both by centrifugation

in t he analyti cal ultracent rifuge and in sucrose gradients , an estimate

could be made of t he sedimentation coefficients of the UV absorbing peaks

show in t his f i gure . The enzyme distribution t ended to follow that of

the ribosome s , With peaks occurring in the 70S, 50S and JOS fractions.

l':ost of t he enzyme was found associated with the JOS ribosome.

When ribos ome s at 10-211 Kg++ were contrifuged in a sucrose gradient ,
•,

again mos t of the enzyme was f ound in t he JOS fractions with l e s ser
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amounts in the 50S and 70S fracti ons (fi gur e 15). The multi ple enz~e

peaks in the JQS region may indicate breakdown of t he ri bosomes resulting

in the formati on of components with coerrl cioots 1n the r -ange of 255 and

2lS as well as 305. The largest peak of enzyme ribosomal bound enzyme

activity coincided with the lightest bre akdown product. sugges ting that

the enzyme might become more active as the rlbOS0lI16S di s i ntegr at ed.

d. Activation of riboso:nal bound 6 02mB by changes 1n t1g* conce n­

tration. The activity of the enzyme on ribosomes prepared at lO-2H Mg+-+­

(but assayed at lO-~ V~) was compared with the same preparation dialyzed

to a lo"Jg++ concentration of lO·4w.. When equal amounts of the two prepar­

ations were analyzed by density gradient centrifugation, activation of

the enzysie was observed in the lO-~ Mi' preparation 1n all fractions

except those containing soluble RNA (figures 16 and 17). IT the activated

preparation was redialyzed against 10-~ Mg++. most of the activity dis­

appeared except for that in the :lOS fractions (figure 18). These effects

of Mg++ concentration on the activitie s of different ribosanal fractions

are summarized in Table 4. The striking increase in activity when the

Mg++ concentration was changed from 10-2M to 2.5 x 10-"M was most clearly '

seen with the 8OS-100S fractions (a 9-fold increase). Increases in

activity were also noted with the 70S (a 4-fold increase) and 50S

fractions (a 3-fold increase) . The actiVity of )OS ribosomes was least

affected by changes in Mg++ concentration, perhaps because most of the

enzyme was already tully activated. The slight activation that di d occur

was in the heavier portion of the 305 region suggesting that more l atent

enzyme was present on intact 305 ribosomes than on partially degraded ones.
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The amount of soluble enzyme als o increased 1n the 10-4:1 Hg++ preparation

but was reduced ag ain when t he preparat i on was dialyzed at l O-2M Mg."n

An attempt was made t o repe at this effect by as saying a PIOO_2

fraction for enzymat i c activity after i t had been dialyzed at l o-2M MgH

and then at lO-~ Mg.... As seen f rom Table 5. dialy si s at lO-~ Mt and

inoubation at that Mg"" concent ration had little effect on act i v i t y of t he

particulate enzyme. The lO~ increase 1n the act i v ity of the sol uble

enzyme upon dialysis at 2. 5 x lO-~ Mg++ would not account, f or the large

activation in the previous experiment.

e. Activation of ribosomal bound enzyme bY PVSo Preliminary evidence

indicated that activation may occur when ribosomes prepared in TSM buffer

at 10-~ Mg++ are dialyzed in that buffer in the presence of polyvinyl_

sulfate (PVS) lihich was added to inhibit RNAase (figures 14. 19. 20). Since

the crude extract and the ribosomes di alyzed without PVS had nearly the

same activities, the effect vas not due to inactivation ot t he preparation

without PVS during dialysis . Thus . interaction between t he anion and the

basic protein m~ have caused s ome act i vat ion , suggesting agai n that even

at lO-~ Mg++ some enzyxne on the JOS ribos ome may be i n l atent torm. An

alternative explanation for t his phenomenon would be that PVS facilit ated

the removal. of enzyme associated with the 50S ribosome and i ts transfer t o

the JOS units since the 50S fractions had less activity than t he controls.

f. Fractionation of en zyme bearing ribosomes. A preliminary s tudy

has indicated that the JOS ribosome s bearing enzyme t ended to be s eparated

from other JOS ribosomes during sephadex gel fil tration. Sed1xnent at ion

analysis of fractions in sucrose gradient s i ndicated that ribosomes with

enzyllle attached were filtered more rap~dly through the gel , i.~.. were

excluded more completely from the gel (figure 21) . The first fraotion (A)



•

2)

had 1.7 time s more act i vity associated with the JOS units than the second (B)

f ract i on. Lit tle f ractionat i on should occur because of the high molecular

weight of the ribosoros ; bound protein would not be expected to influence

fUtration. This effect r emains unexplained and will be expkcr-ed in

.fut ure exper-Iment,a,

g . Non speci f i c binding of alkaline phosehat3se by ribo somes . Pre­

liminary eVidence indicated t hat the enz~e binds nonspec1fically to the

r-tbosceea, St r a in K ribosomes (P).OO preparation) from repressed cells

(fully repressed st rain 6 ribosomes could not be obtained since stra in 6
•

was a partial constitutive) and strain 6 ribosomes (PI OO f r action) from

derepr essed cells were incubated with approximately J40 units soluble

st r ain 6 enzYllle (5].00 prepsr-ataon) in nlK buffer containing either 10-2M

or lO-~ Mg++. Since the enzyme in the 5100 preparation was known t o be

stabl e in 'lMK buffer, the amount of binding ot the enzyme to the P100

fraction was estimated by measuring the decrease in activity of the

supernat ant fraction aft er t he particulate fraction had been removed by

centrifugation. Repressed s t r ain K preparations bound more enzyme than

the derepressed s t r ain 6 ?too fractions (Table 6 ) . The washed parti culate

preparations (?t00_2) retained most of the enzYllle bound especi ally at high

Mg++ concentrations.
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V. DISCUSSION

A. Comparison of E. coli and R. 5ubt l 1is- -
(.train. 6 and K) Alkaline Phosphatase.

A caapar1son of !lane of the properti e s of ~. coli and ~. subt i l i s

alkaline phosphatase. is made bel ow (Table 7 ) .

TABLE 7

Comparison ot !. coli and !!. . ubtilis Alkaline Phosphatase

Property !. coli B. subt ili s-strain K st rain 6

Eftect ot:
0.01 MMg"

0.1 M NaCl

EDTA

toluene

Opt. cone. Tria

Opt. pH

Localization

Permeability
barrier

st imul at i on· ·

1nhibitory+

1.6 M.·

+
1.2 x 10-5
(dilute NPP)

soluble+

none-

stimulation

--
--

inhibitory

1.0 M

9.4
-4J.. 90 x 10

parti culat e

present

i nhibition

i nhibition

inhibitory

inhibitory
•

0.8 M

10. 0

2. 36 x 10-3

particulate

present

~ :~~~ ~2
•• Worthington Biochem. Corp.

Perhaps the greatest difference bet ween these enzymes was their

localization; in t he partioulate tract~on in !l. subt1l1s , in the soluble
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fraction in ~. coli. Another major difference was the ef f ect of Mg++ on

t he se enzymes . The ~. coli enzyme only required Mg++ if the Tris buff e r

concentration was below O.OlM. For !!.. subt l 11s strain K. Hg++ was requi r ed

for optimal alkaline phosphatase activity , and a Tri a buf fer concent ration

of o.6M would not el1minate this requi rement. In contrast, Mg++1nhlblted

the !l.. subt U i s s t r ain 6 enzyme 1n 0.6M Tris buffer.

Differences 1n the conditions for optimal activity wit h re spect to

pH and Tria buffer concentration were also noted with the different

enzymes. A pH optimum of 9.4 was observed with B. subt i l is st r ain K-
en2\fll18 while 10.0 was the optimal -for the strain 6 enzyme. Alkaline

phosphatase from!. coli exhibited maximum activity in t he pH range of

8.0 - 1l.0 (WUson, II & •• 1964 ). A high concent r ation of Tris buff er

was necessary for maximum acti vity of t he ~. call enzyme. This requirement

was explained as due to the partiCipation of the buffor as a phosphate

acceptor in a transphosphorylation reaction (WUson, !!l!!" 1964).

Possibly this mechanism also occurred in the !l.. subt U is enzyme catalyzed

reaction since high levels ot Tria buffer were neceaaary tor opt1mum

activity of both B. subtUis enzymes.-
studies on enzyme kinetics also revealed differences between the

three enzymes. For the !. coli enzyme, s plot of u» vs , lI s yielded a

biphasic curve, with dilute substrate concentrations (below 10- 3M) gi ving

~ values of approx1.m.ately 10-5• Wile substrate concentrations above

10-3M gave higher K,. values (approximat ely 10-3; Heppel, !!: &. , 1962).

Higher ~ values were obtained in dilute substrate concent ration and

biphas1c reciprocal plots were not found with the ~. subtilis enzymes.



B. Extracellular Enzymes in B. subtllis

The increase in enzymatic act i v i t y ob served i n the medium. dur ing

late log phase could be explained by lysis although ther e was no notice...

able decrease in the optical density of the culture at this point. Cashel

and Fr•••• (1964) not-ed 'imilar r • •ults with la. subt ili. under- condition.

in which little lysis occurred. This suggests t hat a change in penneabU­

ity m83' occur during late log phase; amylas e and lysozyme were also
•

excreted at this time (Nomura, !! al., 1958 ) .

c. Enzymes Bound to Ribosomes

1. Possible slanatlons for the Presence of Enzymes on the Ribosomes.

All proteins are associated with the ribosomes during their s,ynthesls

and are usually released as soon as completed (McQuillen, ~ !!.•• 1959).

However, certain degradative enzymes ; RNAase , lllAase (Elson . 1959).

B-galactosidase, alkaline phosphatase. D-s erine deamlnase. acid phosphat-

ase, L-threonine deaminase

.t 31•• 1961). and 1.ucin.--
(Aronson, et al., 1960), B-gl ucosidas e (Kihara,--
lllllinop.pida•• (Bol ton , 21 & • • 1959) are

associated with ~. coli ribosomes and. like ~. subt i l i s alkaline phoa­

phatase, they resist s eparat i on from. these particles.

The presence of these enzymes on the ribosomes could be explained in

several ways. Some of the enzY1l1es are probably nascent protein that has

remained tightly bound t o the .nZ,)'lll. . Th. small per -centage (5-10;') of

the cellular alkaline and acid phosphatases , D-serine deaennase, and

L-threonine demninase bound to the ribosomes suggests that these enzymes

are nascent protein (Aronson, !!i !h•• 1960). A traction of the ribosomal

•
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bound B-galactosidase has been shown t o meet the kineti c requirements of

nascent protein (Zipser, 1963). whereas ri bo somal bound B_glucosidase in

yeast was shown to be a direc t precur sor to the sol ubl o enzyme (Kihara .

!1 !l't 1961). Because of the l arge percentage of alkaline phosphat ase

associated with the ribosomes (44~) in !!. subtU1s , it seem. unlikely that

the bound en2Y'lU8 1s nascent prot ein.

Sane degradatlve enzymes may have a function associated. With thei r

localization on the ribosomes . Regulation of B_gl ucos i das e was shown to

be dependent on the controlled release of nascent enzyme f rom t he ribo-

SOme; dUring: repression the amount of ribosomal bound enzyme increased

(Hauge, ~ &., 1961). At 10-~ Mg: a cysteinlygl:rcinase was found

specifically associated with the heavier ribosomal aggregat es , suggesting

that it had a funct10n 1n protein s;rnthesia (McCOrquodale, 196). Tri_

phosphatases were also found to be apaclfically associ at ed with the poly_

some fractions and were ' r el eased to 50S. JOS and sol uble RNA fractions

(Raacke and Fiala, 1964). Thua 1t was euggea'ted. that the polysome could

b1nd prote1na that could not attach to the separated 70S r-rcc sceee,

GTPase actiVity has been found to coincide with the ribosomal frac-

tiona where maximum amino acid incorporation occurred. suggesting a GT?

spUt vee connected >11th protein aynthes1s (Conway and Lipmann, 1964).

OTP was shown to be a reC{'lirement for the release of nascent prote1.n

from reticulocyte ribosomea (Morris, 196). The revers1ble d1aaoc1ation

of DNAase from the !. coli 70S ribosome also suggested that the enzyme .

may have a function in pr-otean synthesis (Tal and Kl oon , 196).

Some of the associations of enzymes with ribosomes probably result

from llIethods used in the preparation of extracts.. The quantity of
•
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B-galactosidase bound to t he ribosome s depended on how the cells wore

broken (Boezi • .!!:. !l't 1961) . The as sociat ion of all of the c~llular

RNAase with the JOS ribosome could have occurr ed during extract f o rmat i on

due to nonspecific binding of the basic protein t o the ribo some, a

phenomenon whicll has been observed !n vitro (Neu and Heppel , 19640),

The enzyme was reported t o bind very tightly to the nucleoprot ein ,

r emaining attached t o it du r-Ing elect rophor esis and DEAE cellulose chroma­

tography (Elson, 1959) but could be r emoved b~ incubation of the ribosomos

in 0.511 NH4Cl (Spirin, ~ &., 196). An RNAas e with differ ent chromato­

graphic properties than the ribosomal bound enzyme was released !'roro tile

cell within a few minutes after treatment of the cells with EDTA and

~sozyme (Neu and Heppel, 1964a). Further stu~ showed that there wera

two RNAases. one associated with the ribosomes and t he other with t he

debris (Anrahu and Mizuno , 1965) . These enz~es diffe r ed not onl~ in

elution position on DEAE cellulose but in r ates of r eaction and activity

against d1fferent substrates. However. the debris RNAase stw. could bi nd

to the r-tbcsceee !!! vitro suggesting that its pr e sence in the debris depend­

ed on how the extract was made.

Alkaline phosphatase in~. subt U i s resembled ! . col i RNA ase in its

tendency to nonspecifically bi nd to the JOS ribosome. In cont r ast to

the -RNAa se . ~. subtilis alkaline phosphat as e also was bound 1n small

amounts to other ribosomes. Thus. it will be pertinent to detenuine

'Whether the soluble and particulate alkaline phosphat ase a are identical

in !!. subt i l i s and whether the amount of binding depends on the method

of preparation.
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2. Activ ation.

Evidence was found for the exretence of a partially latent alkaline

phosphat ase associated with t he B. 8ubt i l is ribos omes. Increases in-
activity were observed when t he PIOa fract i on was i ncubated in the pres­

ence of the Sioa fraction or when the PIOO_2 fraction was dl~zed from

10-2M Mg++ to 2.5 x 10-~ Mg++ .

other riboso.'ual. bound enzymes have been detected in latent f onn

in !. coli. An ami nopept idase was aot ivated by chymotrypsin, trypsin or

RNAase (Matheson. 196). Similarl y . ribo somal bound RNAase was revealed

only upon ribosomal degradation (Neu and Heppel, , 1964c) . B-galactosidase

was activated while at tached to ribosomes by the additi on of specifi c

antis era (Cowie. ~ £. . 1961). An increase in tryptophan synthetase

activity was observed when low molecular weight ribosomes were incubated

in the presence of the supernatant fraction (Marushige . !!!. £ .. 1964).

The latter was interpreted as an activation of prefonned enzvrme on the

ribosome rather than protein synthesis , since the process was 1nsensitive

to DNAase, chloramphenicol, and streptomycin. In vitro complementation-
between mutant subW11ts of B.galactosidase occurred f aster i f one sub­

unit was s t ill attached to the ribosome (Zipser and Perrin . 196).

The expl anation for the activat ion of ribosomes which had been

dialysed frOlU 10-~ Mg++ to 10-~ Mg++ prior to sucros e gradient analysis

is not clear aince the increase in act i vity could not be not ed by di recU y

a s s aying P100-2 fractions f or enzymatic acti vity. 10-)11 Mg++ slightly

i nhibited the particulat e enzyme. This observation procludes the possib­

ility that the diffe rence s in activities of the two preparati on. could be

due to ohang~8 in the amount of Mg++ pres ent as a result of the lO·2H:
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preparation binding more Mg++ than the lO-~1 preparation. Perhaps sol ubl e

components activated the latent enzyme in the IO-2M l1g++ PIOO- 2 prepar­

ation. Soluble factors were not present in the individual ribosome

fractions from "the sucrose gradient. Possibly the ribosomes in the

activated 10-~ Mg++ preparation were partially deg r aded bef or e the as s07

and therefore had higher activity than the ribosomes of the PIOO-2 f raction

at la-~ Mg++ which were intact as shown by sucrose gradient analysis.

The observed activation of the particulate fractior by the solubl e

fraction in~. Bubtilis could be the result of release of the ribosomal

bound enzyme by supernatant factors, as in the case of tr.yptophan synthe_

tase (Marushige, at ~., 1964), or could be caused by the combination of

soluble Monomers with ribosomal bound acncraer-s , as with B-galactosidase

(Zipser and Perrin. 196)} , The difference in the activation at 10-2M Mg++

and lO-~ Mg++ suggested that Mg++ m07 stimulate activation as was

observed with the en~e catalYzed release of hemoglobin from reticulo_

cyte ribosomes (Morris, 1961). The possible relationship between this

activation and the preViously reported 1!!. vitro increase in enzymatic

activity in ~. subtilis (Whiteley and Oishi, 196)} or in~. coli (Bishop,

et al•• 1964; Manson, et al., 1965) will be investigated in future exper-L,-- --
menta .
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TABLE 1

The Effect of Mg++ on the Soluble and Particulate Enzymes of St rai n 6

~Mg concentration

10.2 M
5 x 10·3 M

10.3 M
10.4 M
10·5 M

o

'f, inhibition
soluble enzyme

67'f,
57%
21%

0%
16%
26%

'f, inhibition
particulate en~e

•

Soluble enzyme (SJ.OO fraction) was prepared as indicated in Methods
except that dialysis was against 100 volumes of distilled H20 for 4
hours with hourly changes of H2Q. The particulate enzyme (P100 fraction)
was dialyzed against 200 volumes of :JHK buffer (10.4 M Mg....).

TJUlLE 2

The Effect of the Supernatant on the Activity
of the Particulate Fraction at Different Mg++ Conoentrations

~

Mg: conoentration amount supernatant activity in units/ml

10.4 M

10.2 II

0.1 ml
0.2

· 0 . 3
0.4
0.5
0.1
0.2
0.3
0.4
0.5

\
2.1
1.9
2.0
2. 4
2.6
1.1
1.6
1.5
1.8
1.9

•

Conditions as described in figures 6 and 7.
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TABLE 3

Localization of Cellular Alkaline Phosphat ase in St r ain 6

fraction total units ~ recovery sp, act.

whole extract 21.000 100 • 34.8
supernatant 14. S00 69 38.2
debris 7. S00 36 39.4
~OO 3,140 22 29.6
P].OO 9. 200 63 261

~00-2 94 1 5.3
6.400 70 867100_2

Fractions were prepared and aeaayed as described in Methods .

TABLE 4

Relationship between Mg Concentration and Activity on Different Ribosomes

f!gure Mg activity (units/mY.
SO-100s 70s SOs 30s

• •

1.6 10-2 .21 .20 .17 .79
17 2.5 x 10-4 1.8 .77 .51 .98
18 10-2 .18 ·. 08 .09 .90

Conditions as described under figures 16, 17 and 18.
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TABLE 5

The Effect of Dialysi s and Incubation at Diffe rent Mg++
Concentrations on the Act i Vity of the Enzyme

Preparation Mg++ concentration t ime time Activity
of dialysis incubated lncu~ted

at 10- 211 I1g++ at lO~ Hg++

Pl00-2 10-2 - - 10. 90

• • 3 10.72-
• • 3 10.10-
• • 18 10.45-
• • 18 10.38-
• 10-4 10.90- -
• ~ • .i., 15 10. 38 ,.'.. . -

S:!.OO 10- 2 - - 8.66

" • 3 7.98-
" • 3 8 . 16-
• • 18 7.88-
• • - 18 7. 88

• 10-4 - 9. 84-
" " - 15 8 . 90

The P:L00-2 and S:!.OO fractions were prepared as described in llethods . The

f ractions were dialyzed against 200 volumes TMK buffer containing the

indicated amount of Mg++ for 4 hours .



TABLE 6

Binding of Alkaline Phosphatase by Particulate Preparations
from St r ains 6 and K

St a1n Pr +I ~r eparat10n Mg cone. ~ Enzyme
removed from

SJ.OO frac .

'/> Enzyme rctainod
by P100 fraction

aft er washing

K P100 10-2 59'/> 88'/>

• P100 10-4 69'/> 8J~

6 P100 lO-J 46'1> 79%

• "loo 10-4 42'/> 751>

P100 fractions were prepared as described in Met hods and dialyzed against

200 volumes TMK buffer at the indicated Mg++ concentration for 4 hours .

The fractions were incubated with an SJ.OO preparation for 1 hour in the

cold and then centrifuged at 100,000 xg for J hours. The s ediment · was

~

washed by resuspens10n in TMK burfer at the indicated Mg concentrat i on

and recentrifUgation at 100.000 xg f or J hours.

,

I
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100 •

•

•
strain K __

-- strain 6

•

•

so 0. 4 O.S·
M Tris, pH 9.4

Figure 1. The erroct of tho concentration of Tris buffer on the activ_
i ties of the on=es of strains K and 6. A strain K extrsct and
a str ain 6 Sloo fraction wore prepared and a.sS7ed as described in
Methods.

10 80
max.
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Figure 2. The effect of pH on the activ1ties of the en~es of strains
6 and K. A strain K extract and a. strain 6 ~OO fraction were pre­
pared as described in Methods•
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•
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8

•

F1gure 3; The r slat lonsh1p between substrate concentraUon and rsact10n
velocity t or strain K enzyme. An extract 'was prepared and assayed
according to the Methods section. .
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MNPP x 10. 4

S
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- 0. 6
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Figure 4. The rel ationship between substrate concentration and reaction
velocity t or strain 6 enzyme. Soluble strain 6 enzyme (SJ.oo t rac_
tion) was prepared and ass~ed as des cribed in Methods.
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Figure 5. The effect of Mgffon the activities of strains K and 6
enzymes. EK:tracts were prepared froIQ strains K and 6 cells
using sonic oscillations and ass~ed as described in the
Methods section•
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•
•

16.0

W11te/ml

8.0

..

......-1(1;,'0'0 + ~OO

0. 2 0.4
us supernatant

Figure 6.. The effect of the supernatant fracti on on the aetlv1ty of a
. particulate fraction at 10-"M Mg++. The s ol uble enzyme (SJ.OO frac_

tion) was prepared as desoribed in Met hods. The p'artl culate enzyme
(Pl OO) was prepared from. an extract cont aining l O- '+ti I1g++ 'I'!1K. The
extract was centr1iuged at 27 ,OOOg f or JO minutes . the supernatant
removed and rccent rifug ed. at l OO. OOOg for J hours. 'rna sediment was
r esuspended i n 10-"l! 11g++ TI1K and dialyzed against 200 vcdnmes of that
butter for J hours. The en zyme preparations were assayed as described
in the Met hod. section except the reaction mixture contained 10-2M
mercaptoetbanol. ,
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12.0

UIdt.s/ml

8.0

... ' . ~ "

.,
,

4.0

•

•

0.2

mls supernatant

0. 4

figure 7. The .ertect. of supernat.ant f raction (s, oo) on the act.ivit.y
of a particulate f r action (P100) at 10· 2MMg<+. Conditions wer e
the sane ae in F1W e 6 except the particulate f ract i on was pre­
pared at. 10·2MMg TMIl: and dialyzed against. that buffer•
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. Figure 8. Derepression of st rai n 6. Samples were collect ed and assayed '
. as described ·in Met hods. A - 6 o. D_4'7.0 mu' AI -... specific aci tvity ot
. cells, 0 -. aotivity of cells in msfi1um, 0-. activity or medium,

-.-.' aotivity of cells . . .
" •

• •

.. ~ " ",,, - '. " ,....



,

.-

• •

r-.
l8 "'--- . _

strain II: ·- - - -1

l 4
units/m!

~

lO

t--_._-_·~------
, .

l5 30 45
time in minutes

F1gure 9. The effeot of incubation with tolusne on activities of strain
6 and K cells. Cells ver e treated with toluene and assayed as in
Methods. x • aotiv1t;r before treatment•
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Figure 10. The effect of freezing and thaWing of cells on their activity.
Cells ware frozen, thawed and ass~ed as described in Methods. Atter
the eighth time of freezing and thawing, a portion was treated with
toluene (45 mins- . incubation) and its activity i ndicat ed by ~•
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supernatant containing l ysozyme

20
intact

diluted .10:.' l ubrol l' cells
325 ----l, 300 ;' , 268

resuspended cells \.
and protoplasts 320

1
protoplasts
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900 \
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treatment

intact
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1180
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168 debris 187 supernatant

Figure 11. Localization of alkaline phosphatase. Activity given in
Units/ml. Conditions as descrihed in Methods and Mat erials•

•



52

Figure 12. SChlier en patterns obtai ned with extracts at 10- 4 (t op)
and 10-2 (bottom) MMg-l+. Extracts were prepared in 1':1)( contain..
i ng 0.5 mg/ml bent oni te. Observed sedimentat i on coefficient s
(top , l eft to right): 545, 415 , 275, Bot tom: 795, 545, 415, 255.
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I

I
i
•

Figure 13. SChl1~ren patterns obtained with a P100-2 preparation at
lO-~ and l O-'+J:{ 1-1g*. The PI0!42 fraction had been prepared from
an extract made with 10-4-:1 Mg TMK.. After washing, the preparation
was d1~ided in half . wit h one part dialY"ed against 500 volumes TMK
at 10- (top) and the other part against 500 volumes '1l'IK at 10· Q1
Mg++. <l>served sedimentati on coeffici ents (Top , l ef t to right ) :
485, 305. 225; (Bottom), 825, 655, 485, 225.



SQS r -
3.0 ( \

o \0

•

I •
:3 S

O.D_
260

•

I
•

lOX 2.0 / - . 80
• • •

) ~
urdts/ml0 •

f " f
/ j

/ .
00

~. / 1'
•

1.0 • / I . 40lr . \
• •\. / v

of
.'l ' ..

'1'_ , 11--1L...·- ·~"'~!· '- . /
... _ rJ •

30
'" volume

50 70
collected

Figure 14. Ribosomal pattern and enzyme dist ribution at 10-~ Mg++ in
a sucrose gradient. A crude extract was prepared 1n TS'l butf er
(10-4:-l Mg). dialyzed against 200 volumes of that buffer f or 3 hours .
and subjected to sucrose gradi ent analysis as described under Methods .

"'-:-lll enzyme 0_- 0.D-26010X
mu

•

o

." .. ..... 1.



55

o
o

o

3.0

o

2.0

1.0

50S
70S (0_.

"

o )

( \i
" . "I .

•

/
.;·f- ~-~-\i'

/ .
""."

"

(
•

.60

units/ml

.40

8020 40 60
~ volume collect ed

Figure 15. Ribosomal pattern and enzyme d1stribution at 10-21{ Ilg++ 1n
a sucrose gradient. A PlOD fraction was prepared in T11K butter
containing 10-211 l~ as described in Hethods except 1t was not
d1alJ'zed. The t ime of centrifugation 1n the gradient was 90
minutes. . _ . O. D. 2601g~ ,( -<I enz;yme
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Figure 17. The orfect of dialysis fr<>.u 10-211 11g++ to 2. 5 x 10-'1\ Mg++ on
riboscn.al bound enz~e activity in a sucrose grad1ent. The riboso:nal
preparation f ro", Figure 15 was dialyzed against 300 vokuaes of 2.5 x
10-"M Mg" TMK for 4 hours and 0.1 ml Leyerad on a sucrose gr adient and
centrifUged for 90 minutes. • _. 0. D' 26Ql0X , - " enzyme
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Figure 18. The effect of dialysis frO<ll 2.5 x 10-"M Mg++ to 10- 2M Mg"on
ribosom.al bound enzy=e activity in a sucrose gradient. The ribo­
somal preparation fran figure 20 was d.1alyzad against 750 volumes
'lMK buffer (10-2M Hg) f or 4 hours and 0.1 ml centrifuged in a
sucrose gradient t or 90 minutes. A_II enzyme . - . O.D_26<t0X
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T.oe properties or alkaline phosphatase f rom t wo strains of B.

sUbt i l is J K and 6, were compared with t hose reported ~or the E. coli

enzyme. Dif'ferences in the condd'tdon a neces sary for optimum a ct i vi t y

(Tria buffer concentration and pH) , in the effects of iDhlb1tors such

..... +
as Mg and Na I am in the Michaelis constants were observed bet ween

the three enzymes.

The localization of alkaline phosphat a se was studied i n B.

s uht i l i s strain 6. Dur1.Dg l ogarithmic gr OW'th phase , most of 'the

enzyme was excreted into the medi um. while during stationary phase

most or the activity was retained inside t he cells . Eighty per

cent of the enzyme with in t he cell was particulate 'With 44;' rib o­

sanal bound and 36fo membrane bOUDd. Most of t he ribosanal bound

enzyme was associated with the 305 rlbosane. Preliminary evidence

suggested that the enzyme was nonspecifically bound to t he rlbo-

eccee , Activation of the particle b ound enzyme was observed when

it was incubated with a s oluble fraction or when i t was dialyzed

-2 ..... - 4 .....from 10 M Mg to 10 M Mg and centrifuged tn a sucr ose grad i ..

ent. Possible mechanisms f or this activation were discussed •

•
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