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THESIS ABSTRACT

Organisms used for experimentation were cultured in
bacteria-free try»tone, trypt;ne-MgClg, vitanin-enriched
tryptone, vitamin-enriched tryotone with added MgCl,, and
tryptone-citrate solutions with added MgCl2. Control tests
were utilized in all experiments. Phosphatase was demon-
strated in various substrate solutions, e.g., glycerophos-
phate, nmuscle adenylic acid, yeast adenylic acid, adenosine
triphosphoric acid, glucose-l-phosphate, and creatine phos-
phate with the calcium-cobalt procedure of Gomori (1952).
Results obtained with some substrate solutions were checked
against those obtained with sodiuwm alpha-naphthyl acid vhos-
phate substrate solution (azo-dye procedure).

(1) Validity of the calcium-cobalt procedure was estéb—
lished; (2) results obtained with inhibitors and activators

and various substrate solutions suggest that multiple phos-

phomonoesterases exist in Tetrahymena; and (3) activity

values were established for phosnhomonoesterzses under var-
ious experimental conditions.

Type of culture mediunm and prolonged culture of organisns
in specific redia affected phosphatase activity, i.e., in
vitamin-enriched tryntone, citrate buffered (0.01}M) tryptone
with added MgCl,, phosphatase activity (calcium-cobalt pro-

cedure) was inhibited. Increased concentration of citrate
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(0.04M) supnressed the calcium-cobalt rcaction. Positive
azo-dye reactions were obtained in organisms for 0.02¥ and
0.04M citrate buffered tryptone to which ligCl, was added and
also in organisms from vitamin-enriched tryptone solutions.
Prolonged culture of organisms in tryptone solutions in-
creased the intensity and area of staining reaction with the
calciun-cobalt procedure. Organisms from tryptone solutions
which exhibited pronounced pi:osphatase activity and pre-
formed phosphates with the calcium-cobalt procedure were
negative for azo-dye phospnatase.

Inhibitor experiments were carried out using senicar-
bazide, 0.0C2M; sodium arsenate, 0.001¥; KCN, 0.01ll; sodium
glycocholate, 0.006}; HC1l, 0.01N; citrate buffered solutions
(pH 5.0), 0.2M; glycire, 0.251; NaCl, 0.01l; saline, H,0,,
and distilled water (80° C.). Complete inhibition was ob-
tained with semicarbazide, sodium citrate, and HCl. Activa-
tion of ATPase was induced by KCH while enzymatic reactions
in all other substrate solutions were inhibited to a great-
er or lesser degree, Sodium arsenate and H202 caused no
apparent inhibition of G-l-Pase or Cr-Pase but did inhibit
glycerophosphatase, A-5-Pase, A-3-Pase, ATPase, Sodiun gly-
cocholate did not inhibit G-1l-Pase while occasional inhibi-
tion of Cr-Pase occurred. Glycine inhibited glyceronhosnha-
tase, A-5-Pase, and Cr-Pase to a greater degrec than ATPase
and G-l1l-Pase. Saline and NaCl induced slizht or no inhibi-

tion of gl cerophosphatase, A-5-Pase, a-3-Pase, and ATPase,
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Lot distilled water (80° C.) inhibited all enzymatic
reactions.

Reactions for phosphatase were usually located in the
vosterior ends of cells. Nuclear staining reactions (cal-
cium-cobalt procedure) were believed to be artifacts. How-
ever, occasional nuclear reactions with ATP substrate, uncer
certain conditions, appeared to reprcsent true enzymatic

rcactions.
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I:{TRODUCTION

The ciliated protozoa have been used to a limited extent
for histochemical studies. Alkaline phosphatase was first

localized in specimens of Colnidium cormnvlun (T. geleii) by

Sullivan (1950). He maintained that enzymatic activity was
limited to the nucleus and that cytopnlasmic reactions were
denendent on nigration of the enzyme from the nucleus into
the cytonlasm. Elliott and Hunter (1951) demonstrated that
T. geleii contained an enzyme capable of s»nlitting phosnhate
from 5-nucleotides. The enzyme involved was confined to the
cell and not released into the surrounding medium. Fennell
(1951) found positive phosphatase reactions in the cytoplasm
of T. geleii and attributed this activity to both preformed
phosphate and nhosvhatase., Bowman (1952) found nhosohatase
activity in both the nucleus and the cytonlasm of I. geleii.
lugard (1953) studied alkaline nhosphatase activity in spec-

imens of Onhryoglena and found that enzymatic activity was

absent in starved animals; upon ingecstion of food, phospha-
tase activity becare observable in the vicinity of the food
vacuoles., Therecafter, phosnhatase activity anpeared in the
macronucleus, micronucleus, and cytonlasm. Fennell and Marzke
(1954) demonstrated that, in svecimens of T. geleii cultured
in tryntone solution, cytopnlasmic alkaline phosnhatase in-

creased from a ninimum (24 hour cultures) to a maxinmun



(288 hour cultures) and then ravidly decreascd to zero
(360 hour cultures).

Al'zaline »hosnnatase hss brcen extensively studied in
vertebrate tissues. Daniclli (1946) made a critical study of
the calciuwm-conalt technigque of Gorori (1939) and Takanatsu
(1932) for the localization of alitaline vhosnhatase. e
concluded that the positive reactions obtained with tle
technique indicated the site of alkaline nhosphatase activity.
Gorori (1952) found uvnder certain exnerirnental conditions
that both false-positive and false-nezative reactions were
obtained with this technigue. Danielli (1950) stated that the
Gorori technique suffered from a deceptive simnlicity, and
one usingz the procedure should have a good lknowledge of phy-
sics ard chemistry.

Johansen and Linderstrom-Lang (1951, 19%2) evaluated
the Ca-cobalt techniqre mentioned nreviously. They concluded
that te m~t7od wns not dependable since (1) calcium phos-
phate has & tendercy to form supersaturated solutions; (2)
the time recaouired (0.1-2.9 scconds) for the phosphate to reach
a critical concertrstion was sufficient for diffusion of »lios-
phate into adjacent cellular areas whecre vdrecipitation oc-
curred on preformed crvstal nuclei; and (3) the enzyme was
wniformly distributed in cells. Gomori (1952) and Go-ori and
Benditt (1953), after a renctition of the Johensen-Linderstrom-
Lar~ expcriments, concluded "there is no exnerimentally dcmon-

strable tende cy to supcrsaturztion unier the conditions of
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the correctly nerfor-~d histochemical tests (calcium concen-
tration not less than ©.07%I1, »iI not less than 2.3), nor 4o
prcforiitd crrrstal nuclei have any effecect on the results',

e concluded hiis discussion withh this stoatements "rurtaer-
rnore, the thesis that nliosphatase is distributed evenly (or
at randc~) amonz all cells or even within one ecell body
cannot be accented "

liarti~ znd Jacoby (1949) sunerimposed stronzly alkaline
nhosphatase-pnsitive sections of liver tissue upon sections
in wiaich phosnhatase was not histocheriically demonstrable.,
Positive reactions vere obtained in the underlyingz tissuve.
They were unable, on the basis of their expveriments, to say
vether or not positive reactions were due to diffusion of
the enzyme or to an engyve activator. Yoloyana, Stowell, and
athews (1951), wio sunerimnosed enzyre active duodenunm
sections on inactivated liver sections, believed that posi-
tive reactions in the nuclei of the laticr were due to dif-
fusion of the enzvme fro- enzyre active tissuc into the in-
activated tissue sections. Daniellil (1953) nerformed essen-
tially the same tine of experinent by sunerimpcsition of
nhosnliatase-active kidnev sections on inactive liver sec-
tions. iic beliecved that positive reactions in the unlerlying

tissue were denendent on either diffusion of »nhosohatase

itself or =n ivator substance. Novikoff (1951) »nresented
evidence to sh:oy that Ca phospnhate was adsorbed on nuclei

and concluded trat the Ca-cobalt technicue was not recliable

4

for localiration of »nhosphatase. Goori (1951) stated that
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lenteon, Junge, cnd Grecn (19Mra, 194LDb) and llonnhieiner
and Scligren (1047) enloyed the azo-cye :cthod for deron-
stration cf »hos»iatase. Lhc Gowori (1972) azo-Cie metliod
wes based on the sunnosition that nonitliiol liberated fron
sodiun alpha-nonithyl acid »nlos»iate would counle vith an

azo-Cye (Diazo Zluc I salt) to for: an insoluble »nurnle

Ciraracterization ¢nd localization of warious »nhoshHhor-
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(1950, 1252). They use? glycerophosphatie, glucose-l-phosphate,
fructose-6-nhosphate, glucosec-0-pliosnhate, rmuscle adenylic
)y o b] v
acid, yeost adenylic acid, crecatine phosphate, and adenosine
trinhosnhate as substrotcs clong with various cnzyze cctiva-
o o o v
tors cnd inhibitors. Thiey concludced, on the basis of their
rescarch, that multiple nhospiononocstercses could be demon-
strated in fresh frozen rot tissues. Goiori (10L0) utilized
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ever, one substrate (»-chloranilidonhosnaate) did present
a different enzyratic distribution in the acid range.

Teeman et 21. (1950) ernloyed various substrates cnd
irhibitors and cdemonstrated three major grouns of phospha-
tase eazynes, i.e., cytonlasnic nhosnhatases (groups I and II)
and nuclear ohosnnatases (groun III).

Studies on the role of nhosphatase enzymes in growth
and develonment have been made by numerous investigators.
lloog (1946) found that alkaline nhosnhatase increased in
chicken embryos of 43 to 96 hours incubation, decreased be-
tween 96 and 14 hours, and then increased again between 144
and 240 hours incubation. Johnson and Eevelander (1947)
found that presence of alkaline phosohatase was correlated
with proliferation and differentiation of all cells that
were concerned with feather develonment. Eevelander znd
Johnson (1949) demonstrated abundant phosvhatase activity in
armeloblasts during matrix fornation and the subsequent cal-
cification of enamel., Karcznar and Berg (1951) observed dif-
ferences between alkaline nhoshhatase associated with the

larval 1lirb of Anblvstonia and that functional in limb ontog-

eny and regeneration., Flavia and Pearson (1954) found phos-
nhatase activity was reduced in repidly groring turors and
in tunor areas +which were especially ananlastic. Clark et al.

(1950) found that phosn»nhatase activity in humans increased

betiyreen the sixth and ninth decades of life.
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The function of pihiosphatase in cell netabclism has been
treated by Krugzelis (19%6a), Kamen and Zpiegelman (1948),
Rothstein and ileier (1949), Bradfield (1950), Gold and Gould
(1951), Danielli (1951), lioog and Venger (1951), and Lesher
(1952).

It is evidert from this review of the literature on
vhosnhatases thzot the function of phosnhatases, the action of
enzyme inhibitors, relative enzymatic activity in various
substrate solutions, and the existence of multinle »hospha-
tases is still onen to question. Questions have also arisen
concerning the reliability of the Gomori teciinigue for demon-
stration of alzaline »hosphatase in cell nucleil.

It is the purnose of this study to: (1) test the relia-
bility of the Gormori technique for cemonstration of alizaline
nhosphatase in cell nuclei; (2) ascertain whether or not, on
the basis of enzyme inhibitors, localization, and staining

1

intensity, multinle nhosphatases exist in T, geleii; and (3)

show the activity value for phospnhatese in specimens of

T. geleii from various ages and types of culture media.



MATERIALS AUD IZ5TiODS

Specimens of T. geleii (strain W) used in the follow-
ing exneriments were cultured in bacteria-free (1) trvntone
solution; (2) tryntone-1i3C1l, solution; (3) vitamin-enriched
tryptone solution; (%) vitamnin-enriched tryntone solution
with added MgClz; and (5) tryontone-citrate solution with
added HgClQ.

Tryvtone solution (Bacto-tryntone, Difco Laboratories,
15 gme; KioPOy, 1 grm.; and 1 liter glass-distilled water)
was used as an experimental medium and also for the mainte-
nance of stock cultures. Renetitions of experiments were nade
with orgaonisms that were maintained in vitamin-enriched sol-
utions prior to inoculation of exnerimental cultuvres (tryp-
tone, tryntone-iizCl,, etc.). Tryptone-1ligC 5 solutions vrere
rnade by the addition of 1.07 gn. Kgulz to the basic mediun.
Vitanin-enriched tryntone solutions were macde by the addition
of 1 mg. riboflavin, 1 mg. thianine hydrochloride, 1 micro-
gram nicotinic acid, and 0.5 ricrogranm biotin to the basic
nediun. Vitamin-enriched tryntone solution with added HgC12
was nade in the sarme manner as vitanin-enriched tryn»tone
medium except that 1.07 gm. of lgll, was added. The final
culture medium (try»ntone-citrate solution with added MgClg)
was varied slightly by renlacing the KH,PC, buffer present

in the basic medium with a 0.0l sodiun citrote buffer (2.05



gm, sodium citrate and 0.63 gn. citric acid ner liter of
culture solution). iagnesium chloride was then added to this
solution in the amount of 1.07 gm. In other experinments,
eitkher 4,72 gm. of sodium citrate and 0.8% gmn. of citric
acid, or 8.44 gm. sodium citrate and 1.68 gm. of citric acid
was substituted, i.e., 0.02li and 0.04i citrate buffer, re-
spectively, for the 0.01lif buffer. The firal pi before steri-
lization was set at 5.5. |

Organisms used in all experiments were cultured in 125
ml. Erlenmeyer flasks. Bacteria-free cultures of T. geleii
were established by tiie transfer of 1 ml. of bacteria-free
culture solution, in which organisms were abundant, to each
of fifteen 125 ml. Erlenmeyer flasks which contained 75 ml.
of sterile culture solution.

For localization of alkaline phosphatase in I. geleiil
from various culture solutions (tryptone solution, tryptone-
1igCly, solution, etc.), tests were nade 72 hours subsequent to
inoculation and every 72 hours thercafter until organisms
disappeared from the culture solutions.

Test organisms were obtained from the cultures by trans-
fer of avpnroximately 12 ml. of the culture solution (cultures
were then discarded) to a 15 ml. centrifuce tube. The tube
was cecntrifuged at 1500 r.p.n. for not longer tian five
nminutes., Lleven milliliters of the sunernatant were revoved
with a pinette. The organisms were left susnended in 1 1.

of culture medium. The celluvlar concentrate was withdrawn



from the centrifuge tube using a 1 ml. pipette. A dropn
(0.1 ml.) of this cellular concentrate was then placed on
each clean albumen or gelatin coatcd slide and allowed to
dry in air. The slides were transferred to Y0 ml. of either
cold C.P, or U.S.P. acetone (5° C.) or 85 per cent alcohol
in a coplin jar and left for 3 to 36 hours (usually 24% hours)
for fixation. The slides were removed from the coplin jar,
hydrated to water, and stained, using one of the Gorori
Ca-cobalt tests for alkaline phosphatase (Gomori, 1952).
They were then dehydrated, cleared in xXylene, and rnounted
in balsan..

The test for glycerophosnhatase was run &s described
by Gormori (1952). Tests for 5-nucleotidase were run as des-
cribed by Gomori (1952) using 20 ng. of ruscle adenylic acid
as a substrate. This technique was also utilized iien yeast
adenylic acid and adenosine triphospnhoric acid were uvsed as
substrates. In tests using creatine phosphate (calciunm salt)
end glucose-l-nnosnhate (potassium salt), the same technigue
was used excent the pH of the substrate mixture was adjusted
to 9.4 instead of 8.3. The Ca-cobalt technigue was checked
in most instances by substitution of sodium alpha-nanhthyl
acid phosphate (azo-dye method of Gomori, 1952) for the
Gomori substrate solution.

Slides were incubated in the following substrates for
two hours: muscle adenylic acid, yeast adenylic acid, adeno-

sine triphosphoric acid, creatine phosphate, and zlucose-1-
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phosphate; they were incubated for one hour in sodium glycero-
phosphate. When sodiwn alpha-naphthyl acid phosphate was used
as a substrate, the incubation time was five to ten minutes.
The incubation temperature in all cases, exceot when sodium
alpha-naphthyl acid phosphate was used, was held at 37° C.%
1° C. The incubation temperature for the latter was 20° C.£2° C,

In Inhibition experiments the slides were exposed for
15 minutes to an inhibitor mixture prior to immersion in the
substrate solution. Final concentration of inhibitors was:
sodium arsenate (0,001 and 0,01¥), semicarbazide (0.002l
and 0.02M), citrate buffer (0.2, 0.01M, and 0.0001li, pH 4.5-
5.0), HC1 (0.1K), KCH (0.01M), H,0, (1 ml. 30 per cent Hy0p
made up to 50 ml., with distilled water), KaCl (0.011D),
saline (0.14I), sodium glycocholate (0.006l)), and glycine
(0.25M) . Water used for inactivation of enzymes was heated
to 80° C.; slides on vwhich organisms were mounted were im-
nersed in it and left 15 minutes.

In other experiments HgClZ was left out of the substrate
mixture in order to ascertain the enzyme activating effect
of this salt.

In control tests either glycerophosphate was omitted
from the incubation mixture or distilled water was used as
a replacerent for the substrate salts.

Estimation of enzymatic activity was made using a sub-
jective rating scale. Reactions were given values ranging
from 0-6: zero, no reaction; 1, very weak reaction (few

positive cells, etc.); 2, light reaction; 3, moderate reac-
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tion; 4, heavy reaction; 5, very heavy reaction; and 6,
extremely heavy reaction (reactive area large, heavy black
precipitates,all cells positive). Criteria used for ascer-
tainment of reaction values were: (1) the intensity of the
staining reaction; (2) the relative concentration of the
reaction granules; (3) the area of the reaction; and (%) the
relative nunber of positive cells (few, most, all). This
estimate also involved all the cells on the slide rather
than individual cells or grouns of cells. The study involved
approximately 1,000 slides; more than one reading per slide
was made, and an average was taken.

It should be noted that this estimate of phosnhatase
activity 1s in no sense a quantitative value., It does, how-
ever, indicate trends in enzyratic activity and does »nrovide
a means of qualitative comparison. Subjective rating scales
for the estimation of phosnhatase activity similar to this
were used by lMaengwyn-Davies et al. (1950, 1952) and Wachstein
and Meisel (1954).



RESULTS

Organisms used for exnerimentation were obtained from
various ages of cultures subsequent to seeding. The age of
cultures ranged from 72 to 1,080 hours. In most experiments
culture age varied between 72 and 360 hours.

1. A comparison of the Ca-cobalt and azo-dye technigues

for localization of alkaline phosvhatase activity. Doyle

et al. (1951) described the chemical aspects of the staining
reaction in the Ca-cobalt procedure of Gomori (1939). Reac-
tion products obtained with the azo-dye method were described
by Novikoff (1952). The azo-dye method of Gonori (1952) was
used to check the validity of localization of phosphatase
witlx the Ca-cobhalt technique. 3oth procedurcs are indirect
methods for localization of enzymatic activity.

In the Ca-cobalt method, inorganic phosphate is liber-
ated from a phosphate ester by the enzyme, and it is pre-

cipitated as Ca nhosdhate within the cell, Subscouent treat-

transforms the colorless Ca phosphate into a darlz browm or
black precinitate at tie sites of enzyratic activity.

In tie azo-dye netiiod, tie organic portion of the mole-
cule is utilized for dermonstration of enzy-atic activity.
Phenol is liberated from a phosnhate ester (sodiw: alpha-

naphthyl acid nhosphate) by enzyrme action. A coupling of the
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phenol with the azo-dye produces an insoluble nurple precipn-
itate in enzyme active areas of the cell.

Three generalized types of nrecinitates were obtained
in specimens of T. geleii with the Ca-cobalt technique, i.e.,
(1) fine granular black precipitates; (2) an inter=ncdiate
precipitate (fine granules plus a variable nurher of larger
black granules); and (3) a large vesicular precipitate.

l. Fin=s grarular precinitates were usually encountered
in specimens from young cultures of organisms. Figure 1 shows
specimens from a 14k hour tryptone-1igCl, culture. Individual
granules wvhich were stained bluish-black were barely resolv-
able with a high nower lens system (X400). They were usually
arranged to form a narrow obligue band at the posterior end
of the cells. In other individuals the fine granules were
rancdomly or uniformly distributed in the cyrtonlasn.

Orzenisms from this same 144 hour culture when stained
vith the azo-dye teciinique exhibited a nrecinitate vhich
differed in several respects fron the precinitate des-
cribed in the preceding naragranh. The azo-dye precipitate
ves dari purnle in color. A concentration of preccinitate at
the nosterior end of the cell was the exception rather than
the rule. In some snecimecns the anterior end of the precipi-
tate was adjacent to the nucleus, but the nosterior end
terminated several microns anterior to the nosterior tio of
the cell (fig. 2). In other snecimens the precinitate was

rostricted to one or more longitudinal bands. Precinitates
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concentrated nosterior to the nucleus, Including the longl-
tudinal band-»nrecipltates, exhibited a variable nuiber of
larze purnle gronules which were invested by fine nurnle
granules, The lorger cytonleosiic granules (two or more) in
other individuals were roncomly distributed in the cytonlnsn.

2. The inter:iediate typne of »nrecinitate, obtained with
the Ca-cobalt procedure, is illustrated in figure 3. Oneci-
mens were obtained from a 1HO hour tryntone-15Cl, solution.
It is evident that the »recinitate consisted of a corpacted
mass of large and srall black granules. In most specimens the
enzyrie active area wes restricted to the nosterior end of
the cells, but in sone organisms »nrecinitotes were either
uniformly or randonly distributed in the cytonlasm. Commacted
precipitates were sufficiently extensive to cover the pos-
terior one-fourth of the cytonlas:n,

A corparison of the Ca-cobalt rcaction (fig. 3) with
the azo-dye reaction (fig. &) in specimens from the same 1%0
hour culture, snows tiat the Intracellular nhosnhatase active

area was located in essentially the same arca of the cell,

6]

1

i.e., in the rmajority of organisms bota Ca-cobalt and azo-

S

dye nrecinitates were concentrated in tlhie nosterior nortion

T the cell, The co.parison also shows that the extent of
the pliosphatase active area ras essentially the same with
both procedures. It is also cvident in figure 4 that a few

snecinens exhibit a precinitate that has a tendency to be

arranged in longitudinal bands.
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3. Large granular Ca-cobalt »nrecinitates vere identified
in specinens cultured in tryptone, tryntone-izCls, and vita-
rmin-enriched tryntone with added Mgll, solutions. Spherical
vesicles, »nrincipal components of the precipitate, had an

average dianeter of three microns. They occurred singly or

in clums ranging in number fror three to six or nmore (fig. 5).

There was a tendency for vesicles to be concentrated at the
nosterior end of txe cells, but in some speccimens they wvere
arranged in a linear sceries. In other specinmens they were
wnifornly or randonily distributed in the cytonlasm. Staining
reactions wvere variable with the Ca-cobalt technigue. Range
of color varied from lignt gray to cariz blacik. Gray vesicles
wvere nomogencous in apnearance, and the darker vesicles ex-
hibited variable amounts of black particulate natter uni-
fornmly distributed witihin the vesicle., A cornarison of vesi-
cular particulate matcrials within vesicles with the fine
particulate natter in the posterior ends of cells showed
that from a morhshological point of view they were incdistin-
guishable,

Large grenular precinitates were nroduced by experi-
mental procedures. Specinens of T. gelcii cultured in tryn-
tone-1zClso solution were concentrated at the botton of a
15 nl. centrifugze tube by centrifuzation at about 1500 r.p.m.

A11 but 1 ml. of solution (in which speccimens of Tetrzhvmena

wvere concentrated) was removed with a nipette. Orgzanisns

tested for allialine phosnhatase at this stogze in the proced-
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ure exhibited positive reactions (fig. 6). The centrifuge
tube was left for five minutes subsequent to the addition of
14 ml, of 0.01M citrate buffer (pH 5.1). Organisms were
again concentrated by centrifugation, and then 14 ml, of the
citrate buffer was removed with a pipette. Organisms that
were left in the centrifuge tube were vigorously shaken, and
then they were transferred along with 1 ml. of citrate sol-
ution to 75 ml. of bacteria-free tryptone-l-IgCl2 solution in
a 125 ml. Erlenmeyer flask. Specimens of I. geleii prior to
transfer to trrntone-lgCls solution did not show either vesi-
clgs or phosphatase activity.

After two hours incubation in the Erlenmeyer flaslk,
specimens of I. geleli were removed from the tryptone-ligCls
solution, affixed to slides, transferred to cobalt nitrate
solution, and left for five minutes prior to immersion in
anmmoniun sulfilde. An examination of the preparation showed
an abundance of intracellular and extracellular vesicles
(fig. 7). Phosnhatase activity ranged from a weak (gray ves-
icles) to a strongly positive reaction (black vesicles). It
is evident from these ohservations that nositive phosnhatase

reactions can be obtained 1In Tetrahvmcna when incubation in

substrate solution is omitted.

u

2. A comparison of glvceronhosnhatase and muscle adenylic

f T, geleii cultured

acid phosnhatase activity in svecimens

in tryntone solution. Control slides were utilized in all

exneriments. Careful consideration wvas given to positive
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reactions that were in part denendent on preformed phos-
nhates. Thus, the results given in the following paragranhs
actually reoresent trends in phosnhatase activity.

It is evident in text-figure 1 that vhosphatase activity
in glyceropnhosnhate (»H 9.4) increased from about 1.5 (72
hour cultures) to a maxirum of 3.0 (1lhih4 hours), and then
decreased to zero (360 hours). Phosphatase activity increased
again to reach a second maxinum of about 2.5 (504 hours), and
then it decreased to about zero at 648 hours. A third maxi-
run (3.0) was observed in sneciirens from 792 hour cultures
(fig. 8). Phosvhatase activity then gradually decreased to
nearly zero in 1,080 hour cultures.

It was apparent late in these éxperiments that cells
maintained in tryptone solutions for annroximately six nonths
exhibited increased anounts of preformed phosnhates (fig. 9)
with an average value of 5.0-6.0 (text-fig. 1). Under these
conditions cnzyme inhibitors were utilized for making a dis-
tinction between false-positive reactions and true phosnha-
tase reactions.

It is also cvident in text-figure 1 that phosphatase
activity in 4-%-P (»iI 8.3) was similar to enzymatic activity
in glyceropnhosphate, i.e., maximnmun and minirmum activities
wvere evident. A comparison of enzyratic activity in the two
substrate solutions shows that succeeding naxinma in A-5-P,
suhsenuent to 288 hours, becare nrogressively lower, 3.5 at

288 hours, 2.0 at 432 hours, and 1.0 at 792 hours. Further-



TEXT-FIGURD 1

Relation between culture age, "lycorovﬁo nnatase activity,
and A-5-Pase act1v1ty in specimcns of L. celeii W cultured
in tryptone TOCluo activity value ascertaiied as described
under —ateriazls and metlods.

O T. geleii W cultured in tryptone media for
six months;

. cc ii W/ culturec in try-otone riedia and
ta a for a-5-Pase °0uLVluy 0/ tie
1 i-cobalt mcthod of Gomori; and

0> T tel 211 W culturcd in tryptone media an
svalned for glyceronhos»nhatase activity
the calcium=-cobalt mctlod of Gorori.
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more, enzvrmatic activity decreased to about zero in A-5-P at
360, 575, and 936 hour cultures. On the other hand, glycero-

nhosphatase activity decreased to zero at 360 and 1,080 hours.

-,)

A comnarison of figure 8 with figure 10 shows that raximnm
nhosnhatase activity in A-5-P substrate solution (288 hours)
was higher than it was in glyceropnhososhate.

Text-figure 2 swmarizes the results obtained with

orgonisms cultured in tryptone-!zCls solutions. A4 comparison

of text-fizure 1 with text-fizsure 2 shows that nhosphatase
activity in tryntone-ligCl, solution was higher than it was in
tryntone solution. In the former, glyceron osphatase activity
increased from about 3.0 in 72 hour cultures (the rmaximun
activity in tryntone solution) to a maximum of about 5.0 in
360-432 hour cultures. Inzymatic activity then decrcased to

a ninimun of about 1.0 as the aze of the culture increased
from 432 to 720 hours. Phosnhatase activity increased azain
to reach a second maxium of 3.5 (792 hours), and then grad-
ually decreased to 2.0 as the age of the culture increased to
1,080 hours.

Text-Ticure 2 also shows that a-5-Pase activity was more
erratic than that of glyceronhosnhatase in snecinens cultured
in tryptone-HcClz solution. In the forrer, enzyratic activity
vas at a ninirun of 0.5 at 72 hours. A-5-Pase activity then
increased to a maximun of 5.0 at 216 hours (fig. 11), de-
creased to a sccond rinirwn of 1.5 at 360 hours, and then

increased ocain to reach a sccond maxirmn of 5.0 at 432 hours.

I'inina of zero again occurred at 576 and 720 hours.



TLXT-I'IGTRE 2

Relation bet:rcen culture age, glyceroniospiatose activity,
and a=%5-Pase activity in s»heciicns of T, ~elcii VW cultured
in tryptone-K;CIZ media.

-

o} Glycecroniiosnhatase activity; and

@ A=5-Pcse cetivity.
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Results obtained with organisms cultured in vitanin-
enrichec tryntone solutions are swumiarized in text-figure 3.
Phosnhatase activity in glycerophosnhhate increased from 1.0
at 72 hours to a maxirmum of 3,0 at 208 hours, and then de-
creased to a nini:wm of 0.5 at 648 hours. It is evident in
text-figure 3 that enzynatic activity in A-5-P tended to
narallel enzymatic activity in glyceronhosphate with the
excention that in the former activity was lower. A-H-Pase
activity in A-5-P increased fron zero at 72 hours to a nax-
imum of 2.5 at 1luk4 hours, and then decreased to almost zero
at 360 and 432 hours.

a cormnarison of text-figure 1 with text-fizure 3 shous
that, in general, total enzymatic activity was lower In or-
ganisms grovm in vitanin-enriched tryntone solutions than it
was in organisms from tryotone media., It also shows that in
the former (vitarin-enriched tryntone solutions) enzyratic
activity increased 1ore uniformly to reacch & naxirum, and
then it decreased to a mininum, vhereas in tryntone solutions
nunerous naxima and minina were observed. a commarison of
text-figure 2 with text-figure 3 shovs that enzyatic acti-
vity vas lowrer in cells gro-m in vitanin-enriched tryntone
solutions then it was in organisms cultured in try-tone-
lgCls solutions.

These results are in general agreerent with those of
Fennell and lerzke (1954%) who found that stronzly »ositive

reactions (Ca-cobalt), which cheracterized orzanisms from
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T2XT-rICURE

Relation betreen culture age, glyco*‘oa_-osm.L tase aetivity,
and a4=-5-Pase cctivity in snccimens of I. gelcii W caf'_tured
in vitanin-enriched trvvto:le mecdla.

O, Glyceronnosnnatase activity; and

‘, A-5-Pose activity.
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trntone soluticn, decreoscd to zero in orjanisis thot vere
c:ltured in vitoiin-onriched triotone, i.e., stronzly nosi-

tive w onnHhotrse resctions ere obtnined in or

vitenin-enriched triratorns solutiocns until the Za-cobhnlt re-
cction wes no lonzer Jenonstrablc., Sohreincns trere thon
stained vith tie amo-Cre »rocedure ant siron’ly nositive
btoined for allialine nhosohntosce (i
A cowarison of figure 13 with fisure 12 shovs tlat 2linline

Fal

oA - -~ R R s P - amvr -
phosyiatase activity in snheccinens fron tri»

L
e
]
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w
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g

ution with adlcd /gCls (0.02:0) was localizced

it was in orzanisms fron vitarin-earicaed
Text-Tigure & swiarizges the rosulis obtained -—ith

orsonisrs cultured in vita:in-enriched try»tone solutions

a0

nt herc taat ency:itic activity
in glyceronhospliote subsircte sclution inerccsed froz 3.5 at

72 hours (with a slight dron to 3.0 =2t 1hh hours) to a 1o:ti-

e of .0 at 215 hours, repidly cdecrcosed to 1.0 ot 200
horlrs, end thils was succeedzd by o sraduvnl Ccercare to zero
at E76 and 4640 hours. It is also covidort thet engpyotic acti
Vitsr dn 4-%¥-P wos higher than it was in glvcerophosniate. In
A== P cnmrmatic activity inereosed froc 1.0 ot 72 hours to a

Teniswe of 5.0 at 1M hours, decreosed ranilily to 0.5 and

2670 ot 32 and T76-048 Tours, reshectively.
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Relation between culture age, glvceronhesphatase cctivity,

¥

and a-"-Pasc ectivity in snecinens of I. ncleil VT cultured
in vitanin-cnrichied tryptone necdla with added ..5C1,.

O, Clyceroniosihatase activity; and

‘, A-5-Pose cctivity.
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A comparison of text-figure % with text-figures 1, 2,

and 3 siowrs that enzyratic activity in botn glyceronhos-

-

nhate and 4-5-P drons much nore sharpnly in vitanin-enriched
tryntone solutions with adced Lovlg than in the other exneri-
nental culture media. It is also evident (text-fiz. L) tha
enzyatic activity wes initiliaelly higher in vitanin-cenriched
trryotone with added I;gCl2 than it was in tryotone, tryntone-
1;5Cly, and vitamin-cnriched tryntone nedila.

Results obteined with organisis fron tryntone-citrate
solutions i

h added I"Cl9 are swriarized in text-fizure 5.

t
Inzymatic activity in glycerophosnhhate substrate solution

rose from a minimwa of 1.0 at 72 hours to a nazinua of 2.0
at 1l hours, decreasing to a sccond mininw of 1.% at 216

hours. Znzymatic activity recched a second maxinum of 2.0 at
2.8 hours. The activity of the enzyme in A4-5-P was aliost
zero in orgonisms from all azes of culture. zmnzymatic acti-
vity was absent at 72 hours. It increased to about 0.1 at
14+ hours and 215 hours, and then it decreased ajzain to zero
at 228 hours.

A comparison of text-figure 5 with text-figures 1, 2,
3, and 4 shows that maxinun glyceronhosnhatase activity was
lover and total A-5-Pase activity was lowvest in tri»ntonc-

MgCls solution in which the concentration of citrate bulfer

vas 0O .O:LII.



3¢ A comporison of venst adenvlic acid phosoioteses, a

sine triohosn»nhatase, glucose-l-nhosnhatose, znd creatine

nhosnhatase activity in tryntone solutions and in frvptone-

citrate solutions with added NgClg. It is clecrly evident

from a comarison of text-figure 5 with text-fijure 6 that

nhosrhatese activity was higher in all substrate solutions
(4-3-P, etc.) in organisms obtained from tryptone redia. It
can he seen thalt enzyratic activity in A-3-P vas aliiost ab-
sent in organisms from tryntone-citrate solution with added
1gCl, (text-fig. 5), while in tryptore (text-fiz. 6) A-3-Pase
activity was at a raxirum of 3.5 in 72 hour cultures. This
vas followed by a rininur of 1.5 at 1hl4 hours, a second
raximurt Of 3.0 at 216 and 288 hours, and a subscauent de-
crecase to zero at 350 hours.

“nzyrmatic aztivity in ATP substrate solution uwnifornly
increased in orcanisms from 72 hours to 288 hours in tryntone-
citrate solutions with added KgClg. activity at 72 hours was
gt a minimum of 0.5, gradually inerensed to 1.5 at 14t and
216 hours, and then increased to a maximum of 2,0 at 288

hours. The onposite re~ction was evident in cells growvn in

»l

tryntone solutions. The activity wos at a maxirnum of 4.5 at
72 hours (fiz. 14); this was followed by a graducl decrease
to zero at 350 hours.

Engymatic activity in G-1-P substrate solution is slho'n

in text-figure 5 by maxinma of 2.5 at 72 and 2¢3 hours, and

rinima of 2.0 at 144 and 216 hours. The onnosite effect is
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TIRT-TISCRE 5

Relation betrcen culture cge and enzrmetic activity in soeci-
ens of 2. zelcii W ocultured in try»nvone-citrate solution
(0,011, »il 5.5) with added 15C1,.

@, CG-1-Pose activityy

@ Cr-Pase activity;

o, glrceropliosohatase activityy

@, ivPase activity; ond

@ . +-5-Pase, s-3-Pase activity.
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TEXT-FIGURE 6
Relation betveen culture age and eanzymatic activity in sneci-
nens of I. geleii W cultured in tryntone nedia.
@, G-1-Pase activity;
@, ATPase cctivity;
@ Cr-Pase activity; ond

' y A-3-Pase activity,.
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shovn in cells growm in tryntone where the results, when
illustreted graphically, form an inverted "V", A ninimum of
5.0 occurred at 72 nours followed by a maximun of 6.0 at 216
hours, succecded by a sccond nminirum of 3,0 at 432 hours (fig. 15).
It is evident in text-figure 5 that enzymatic ectivity
in Cr-P substrate solution increased from 2.0 at 72 hours to
a maximum of 2.5 at 1lh4 hours, and then it decreased to a

rinimunm of 2.0 at 216 hours. This wes succecded by a second

N

maxirun of 3.0 at 288 hours. It is also shovn in text-figure
6 that Cr-Pase activity in tryntone rose from an activity
value of 3.0 at 72 hours to a maximum of 6.0 at 216 hours
(fig. 16), succeeded by a ninirum of zero at 360 hours.

A comnarison of text-figures 5 and 6 also shows that
enzyretic activity in tryntone (text-fig. 6) was either
reosrcsented by a curve that increased to a neair and then
declined to a low level (G-1-P and Cr-P) or one in which
tiere was essentially a continued lowering of enzvmatic
activity with culture age (ATP and A-3-P). DLnz:matic activity
in ceclls grom in tryptone-citrate solutlon with added IgCls
(text-fig. 5) is exhibited by curves essentially the rcverse
of those in text-figurec 4, that is, there is a gradusl risc
in enzyretic activity in 4TP and Cr-P substrate solutions,
or there is a fa2ll in engzynatic activity to minimal lcvel
whiich is followed by a risc in zctivity (G-1-P). The activity

of A-3=-Pase is herec renrcsented by nininel activity.

.



L4, The rclotion beirecn concentration of citrate buffer

hosnhatrse activitv., Organis:iis from vitamin-enriched

tryntone solutions with added 1 gCls in which the concen-

N )

tration of citrate buffer was increascd to 0.0l wrere used
this series of exneriaents.

Filgure 13 siows that strongly positive a’laline nihos-

N

phatase resctions were obtained with the czo-dye procedure
in or_;anisms fromn 144 hour cultures (216 hours subscouent to

establishment of citrate buffered culturcs). On the other

hand, alkaline o»hos»hatase activity wras not deronstrated in
orcanisns fron this sare culture witi: the Ca-cobalt nrocecd-
ure (fig. 17). Zssentlally the sz-e results were obteoined
with orjanisns from 96 hour cultures (283 hours subscruent
to establishment of citrate buffcred cultures). The exmeri-
ment vas rencated azain with organisms fro: a 95 hour cul-
ture (total time in citrate buffered solutions, 384 hours).
Positive reactions were azain ohisined with the azo-dye »nro-

d

cedure, and no reaction was o thie Ca-cobalt

nrocedure althoush both A-3-P and ATP werc substituted for

clyceroniosnhate in the substrate solutions. C»ncocir-ens incu-

N
'
»s

beted in the lotter ezhibhited nueclei miich vrere stained

ori broom.

Stoclkt cultuvres of orponiscs wrere raintained in 0,071
citrate brffered solutions by subculturing for 49 fars, and
then suheultures were established in +iiichh the corncentreotion

n O«

of citrate buffcer wes incrcosed to 0,001, linety-six lours
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subsecuent to seeding, negative recactions for alkaline »niios-
nhatase were obtained with both the azo-dye and Ca-cobalt
nroceduvres,

Phosnhatrse s related o inhibitor resctions, substrate
—ie ?

snecificity, and intracellular localization. Six phosohate-

~

containing suvbstrates were utilized at different hydrozen ion
concentrations, e.g., sodium glycerophiosohate, glucose-1-
nhospnhate, notassiun salt (G-1-P), and creatine nhosnhate,
calciuwn salt (Cr-P), »oll 9.4; nuscle adenylic acid (4-Y-P),
yveast adenylic acid (A-~-P), and adenosine triphosnhoric

acid (ATP), »I &.3.

In general, all substrates tested gave positive reactions
nich were usually restricted to the nosterior ends of the
cells., Part of this n»nozterior activity was cue to nreforned
phosnhetes as was shovm by control slides. IZydrogen ion
concentration of the substrate solution was aa i~»ortant
factor in demonstration of nreformed phos»nhates, i,e, the
concentration of nreformed nliosnhate was greater at »il 9.4

than at pi 3.3. Iio method was devised for renoval of phos-

ﬂj

phate without deostroying all phosohhatase reactions along
with the sreforred phosniates. In all cases critical com-
parisons of control and substrate slides were nade, and only
those results are resorted vihich ceronstrated distinet dif-
ferences betwecen experinmental and control organisns.

Various compounds knowm to cause inhibition or activa-

tion of phosphhatase enzymes, lacngwyn-Davies et 2l. (1950,
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19%2) and Liesran et al. (1950), were used in conjunction
with the substrates. Organisrs were left in the various
inhibitor solutions for 15 minutes prior to immersion in
substratec solution. Results obtained are presented in Table I
which swmarizes the effect of inhiibitors and activators on
the phosphorionoesterases of I. geleii. It is apnarent that
0.002! semicarbazide, 0.21i citrate, pI 5, and 0.1 IC1l com-
pletely suppressed all phosphatase activity. These inhibitors
did not distinguish between false-positive and true enzyne
reactions. This was not tiie case with the other inhiibitors
used., Potassium cyanicde, 0.01ll, tended to activate ATPase.
It induced moderate inhibition of A-5-Pase, and caused
slizht or no inhibition of glyceronhosphatase, G-1l-Pase, and
Cr-Pase. Its action on A-3-Pase was erratic., Sodium arsenate,
0.0011i, caused less inmhilition of glyceronhosphatase, ATPase,
G-1-Pase, and Cr-Pase than of a-F-Pase or A-3-Pase. Glycine,
0.251, caused little reduction of G-l-Pase activity, slight-
ly morec inhibition of ATPase, and induced moderate to heavy
suppression of glycerophosnhatase, A-5-Pase, A-3-Pase, and
Cr-Pese activity. Saline and 0.01ll IlaCl caused 1little or no
reduction of enzymatic activity., Distilled water at 80° C.
alvays incduced inhibition of engzymatic activity but seldon
cornletely supoaressed positive phosnhate reactions. H202
caused no inhibition of G-1l-Pase end Cr-Pase; glycerophos-

-
¥

phatase and A-3-Pase were inhibited to a greater degree than

either ATPase or A-5-Pase. Sodium glycocholate, 0.0006l,
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TABLE I

TUE EFFrCT OF INEIBITORS AXD ACTIVATORS ON TiE
PHOSPROMNOKWOESTERASES OF T, GELEIT W

Glycero- A-5-P A-3-P ATP G-1-P Cr-P

nhosphatase ase ase ase ase ase
pH of
substrate 9.4 8.3 8.3 8.3 9.4 9.4
solution
Sodiun 0.001H 0-1 1-2 0-2 0-1 0 0
arsenate 0,01l 2 L _—— _— —_— _——
Semicar- 0.002H L L L L L L
bazide 0.02k L L L L L L
KCN 0.01M 1 2 0-1-££ 44 0-1 0-1
Sodium
glyco-  0.006M S _— —— e 0 0-1
cnolate
Citrate 0.2k L L L L L L
buffer 0.01M 3 - - —_—— -— —_——
pd 5.5 0.0001M 1 -——— _— _——— -— _———
HCl 0.1N L L L L L L
Glycine  0.25i 2-3 2-3 2-3 1-2 0-1 2-3
nercent in 1-2 1 1-2 0-1 0 0
Lo nl. E,0)
Saline 0-1 0-1 0-1 _—— _— _———
NaCl 0.01M 0 0-1 0-1 0-1 _— —
MgClg £0 #0 #0 £0 £0 #£0
Distilled

water 80° C. 3 3 3 3 3 3




TABLE I (Cont.)

Specimens of T. gcleiil mounted on slides which served as con-
trols were normally positive for preformed phosphates with
the Gomori Ca-cobalt technioue, Organisms incubated in sub-
strate solutions without »nrior immersion in inhibitor or
activator substances also exhibited positive staining with
this technique.

Explanation of Table nusber values is as follows$ ---, no
data available; O, no inhibition; 1, slight inhibition; 2,
moderate inhibltion; 3, heavy inhibition; 4, total inhibi-
tionj #£4£, activation; #0, no activation or inhibition.
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caused no inhibition of G-1l-Pase and little sunprcssion of
Cr-Pase activity. The addition of IigCl2 to the various sub-
strate solutions did not seem to inhibit or stimulate nhos-
phomonoesterase activity. This was in contrast to the usually
accepted fact that ligCl, is an activator of »iosnhatase
enzymes.

Substrate specificity was denonstrated utilizing stain-
ing intensities and the presence or absence of enzymatic
reactions. In general A-5-Pase and A-3-Pase gave lighter and
less intense reactions than either glycerophosphatase or
ATPase. It can be seen in text-figures 1-5 that if the reac-
tion for glycerophosphatase was absent, the reaction for
A-5-Pase was also absent. On the other hand, the reaction
for glyceronhosnhatase did not seewm to denend on the nre-
sence or absence of A-5-Pase. The bchavior of A-3-Peose in
this resnect was essentially the sare as A-5-Pase. ATP
usually gave the best results of any substrate used, i,e,

a good distinction between control slides and substrate
slides could usually be made. ATPase activity was in nost
cases cdenonstrable even if the A-5-Pase and A-:-Pase rcac-
tions were absent (text-fig. 5). The rcverse was not ob-
served. "hen A-5-Pase and A-3-Pase vere »nrisent, their acti-
vity was less thian that of ATPase where direct cormparisons
were nade (text-fiz. 5-6). The ATPase reaction usually was
less intense than the reaction for glyceronhosniatese in

tryntone-citrate solutions with added 1gCl, (text-fig. 5).
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The reactions for G-l-Pase and Cr-Pase tended to be
higher than those obtalned for ATPase and glyccronhospnhatase,
and alvays higher than the reaction for A-5-Pase and A-3-Pase
(text-figs. 5-6). In general there was a slizht tendency for
Cr-Pase to give a stronger reaction than G-l-Pase when the
cells wrre cultured in try»tone-citrate solution with adcded
1'gCL, (text-fig. 5). When only tryntone was present in the
culture recdium, the reverse scened true (text-fig. 6).

A differential location of enzymes attackinz phospnlo-
nonoesters in I. geleii was not denonstrable in organisiis
fron tryptone, tryptone-igCl,, vitamin-enriched tryntone, or
vitamin-enriched tryptone with added iigCly. iflowever, ATPase
presented a different nattern of enzyvratic activity in cells
grovm in tryptone-citrate solutions with added liglls
(0.01l, »I 5.5), i.e., both nuclear and cytonlasmic activity
vas deronstrated.

6. Iluclcar staining and diffvsion artifacts okserved in

L]

. geleii. tuclear stzaining vas observed most frequently

with glycerophosnhate, G-1-P, Cr-P, and 4TP, less frequent-
ly with A-5-P and A-3-P, and never with socium alnha-nanhthyl
acid phosnnate (azo-dye).

With few excentions (noted belowr), organisns incubated

in control solutions and in th

0}

various inhibitor nrepara-
tions also exhiibited nuclear staining. Cells subjected to

0.2 citrate buffer (pi 5) for 15 minutes and incubated in

glyceronhosnhate for 24 hours gave only nuclear rcecactions (fig

.138).
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The nuclcar reactions observed vith aTP in cells cul-
tured in tryntone-citrate solution with added 11gCl, (plI 5.5)
anneared to be of a different tyne and intensity than the
other nuclear reactions (fiz. 19). The nuclei were very dark
and highly discernible. Cells from the same cultures incu-
bated in A-5-P, G-1-P, and Cr-P substrate solutions (»ni 8.3)
did not show this sare tyne of nuclesr reaction. The nuclear
reaction in ATP was deronstrated only in cells raised in
culture nedia where the 0.01l citrate buffer (pi 5.5) was
vresent. Iowever, the reaction vas not always observed. It
wvas seen wvhen cytonlasmic reactions were either positive or
negative., liuclear reactions other then the one just described
seen to indicate the presence of diffusion artifacts.

It has alreody been mentioned that nost specimens of
T. geleii exhibited preforrmcd phosnhates. It sihiould be noted,
however, that in dividing cells preformcd nhosnhates and
enzactic recactions were either entirely abhseat or a few
faint-staining reaction grenules were located neor the nu-
cleus. Posterior cytonlasnic reectlons were never onserved
in dividing cells. A difluse grav stai

n
immediately bhencath the n2ilicle in all orgonisns was asswed
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otrse. Culland ond Jeclison

(123%2) maintained that both »hosphodiesterases and nhos:ho-
onocsterascs existed in a veriety of »lant end aninal tis-
sues. fhosphodlicsterecses liberated nhenol but did not s»lit
ouos»horic acid from diphenylnhoshhate., These autiors con-
cluded that nolyaucleoticdases, -hich split nucleotides frox
nucleic acicds, were nhrosHiodlcstercses,

Lrugelis (1o45Db) suggested that thie nueleus and crto-
nlosm conttained ultinle alizzline ploshiwioses. Liberotion
of inorgenic nioshHhate from substrate solutions vwes depond-
ent on two rcoctionss (1) phosplodicstersses snlit nucleo-
tides fron nucleic acicd; and (2) »ntosphomonoesterascs hydro-
caitic »hos»Hiate.

Accurulations of »nreformed plhiochietes in the tissues of
Fizher vertebrote ciimnls was renorted by Zourne (1944).

Zlliott and Imnter (19%1), wvio investizeted »phosHhatase

(5-nucleoticdase) in L. gelcii, domonstrated that during the
growth cyele of this ciliate total nuos»liorus in tlic super-

natant deccrcased vwidlle introccollular »nlwocpniate incroeescd.
amen and 3»niczelnan (19M8) mointained thet if "inor_anic
phos»hate" was storcd in orjanisms, it wcs probably Jerived
fron the brealzdorm of orzanic »hosHhates, Villmer (19h72)

Ca phosvnéte in fixed cells

bclieved that the accvwrmulation of

wvas an ertifact.
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Results obtained in this study showed thot tlhe nosition
of »nreformed »hosnhote (M"inorzanic phosdhate™) in T. zelcii

was 1n essentially the same nosition nos the »urnle »Hrecini-

tate vhich vas obtolnes with sodiwn alpha-ncpihthyl acid
nhosnhate substrate solution., Thils sussests that if nliosnhate

storage occurred, its location was in esscntially the sane
osition as encymes hycdrolyzing organic nhosdhate colnounds,
i.e., in the nosterior end of the cclls.

Cther observetions nade in this study sugcest that only

.'

Ca-cobalt nhosshatase (glyceroniosnhatase) wes functional

D]

culture of organisns in tryptone solutions.

Turthermore, Ce-cobalt rcactions wore inhibited in orgeanisns

from citratc buffered (0.01M, pH 5.5) trysntone solutions

~

and thary were comnletely suporessed when the concentration

of citrate vas increased fron 0,01l to 0.0, On ti:e other
hend, organiswis fro: the 0.0 citrate-tryotone solutions
exhibited strong nHositive reactions with the azo-dye tech-
nique. Zenetitions of these tests anproxirately 304 hours
subscquent to introdiction of orzanisws into citrote buffered

tryotone were nositive for Hhosnhatase with the azo-Jdye

[0)]

tec ' nicue.

A4 discussion of thie function of »nios»Hunteses can he

-

(D

lisred on the basis of presence or abscnce of enzimatic

;_:.

sta
activity 1ian organisms fro- rious culture solutions (tr;»-

<\
{r\\
"S

tone, try»tone-il Clz, vitanin-enriched tryntone). Fennell

and arzke (1254) also found that soyceinmens of Zotrohvrrconc
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raintainsd in vito in-carichied tr:mtone for several nontlis
watase cetivity (Co-cobalt tecoiminue),

a0 Jl‘

Cbservations mnde in thiis studr si:owel that

(9

)

orsanis

L ron

(;

vitures exhibited amuidant nloshHhatose
ivity +ith the azo-dye tecinique., Zincce it is well estab-

lished that gror-th of Teirchimona wes cccelersted by as

L

of vitenins to try»tone solutions, it secrs racsonnble to
asswnc trat vitoriins sudpnly some snocific unit, i.e., nos=-
sibly coenryres, vvilch n'tes 1t nossible for azo-cdye 7i0s-

nhatase to cxert o role in T

tase reacts with »nilosniate accentors as -ell as wit

Cn-cohalt Hl.0s-

tronsphos»ioryiction, i.c., »hosiizte wwos tran-frrred fronm

T

o hizher encrgy cohowd to a lovrer level cohonzd, urtler-

< e

more, hotir Zo-cobolt ard aro-dys Hlosnhiinloss oy coonertte
in ©iologziccl syntiwsis, _o-cver, Ca-connlt ohosohiotose nnrT

Ion in thie reoversc vonner i erlls o ~ictrinced 1 trhroaa

.

LAarA o bl A~ .C\,.)-., c~rtsreral - Antha i l-’- S e ConlrnAd
CONC SOLeiOns 10T SOV TroLl LONG IS, e Cay ¢ 13 Ccolnzirnou

. . R i ws L . P
npivrrily ity desioan’orylotion. s o comzcounaes, onosnante



Chservations descrihed in thic Hroceding »nages indic-ted
i .

that n-turally occurring substirates existed in
anicsms were culuured in tryptone-ﬁ;ClQ solution a::d tiien
were vashed trith 0.0%i eitrate buffer (»I 5.1) Tor r-roval
of »nr-lormed phosHhiatzss. Stronsly nositive Hhos»hatose re-
tions were obtained in the nosterior rezion of cells after
resusnension in trystone-ll; lp solution for to hiours sub-
secuent to im: sion in cohzlt nitrate ond o oniwn sulfice.

1

It —ight be argued thet nositive rractlons viilch vwere ob-

4

tained with this dure wrere ¢-nendent on ¢iffusion of

(@]

roc

'J

rroforned nhos»niwnntes from the culture solution into the cell,

f_\J

Other observations do not sunsort tiis view. Orzanisns thot

vere washed in citrate and transferred to Gorori glycero-

1,

nhosHihate solution exhiibited the same tyase of reoction but
to a lecrer ceagree,

It was shovm 1in the »nreceding nages that snecimens of

f. zeleiil exnibited, after »nrolonged culture in tryotore

— d———— -

solutions, an abun?ance of cytonlas:iic vesicles., The Ca-

ohalt nroceduvre reveanled that nositive reacticns in vesicles
vere cevncncdent on zlyceroni.ospratase since »nrcelforaed nlos-

nhates tere renoved with citrate buffer »nrior to the stain-

between nhosnhatase-positive vesicles and the Ca-cobalt
positive arcas in the nosterior cni ol the cells, Yhe latter
reaction wrs found to b2 dencndent on voth »Hr~for::ed nlwos-

nhate and allaline nlosniatase. a4 couwdnrison of the r-action
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granules in the vecsicles +ith those in the nHosterior end of

[3)
ct

cells revealed th from a —ornhological »Hoint of view they

m-.

vere incistinzuishable., These observations stronzly sugzest

hat the heavy concentration of nreforned nhosnhate in the
v R

nosterior end of colls was denendent on allzzline »Hhosnha-
tase activity.

t is still o»nen to cuestion as to wiether or not nre-

“)

is utilized by dividing cells, Observations

)J
’d

ate
made in this study lend sunnort to this view. It ras found

that nreforred »nhosnhates nigrated from the »nosterior end of
the cell to a »erinuclear nosition and ultirately disaconeared

< - (Y

entirely after trarsfer of orzarisms to fresh culture solution.

for localization of glrccronhosnhcotase in various culture
media are in gencral czrecnent with those of Fennell an
larzike (1954), The use of .i-5-P as a substrate further in-
creased the wvalidity of the evidence presented by tihese

authors as it vas now possible to coipare pliosniatasce acti-

vity in organisnis frox varilous culture nedia in two differ-
ent substrate solutions. The activity of a-f-Pase, altlough
generally lower, tended to norallel that of glyccronios»nho-

tasec. Decreased activity of a-5-Posc mighit be croleined on
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lyophilized snake venom. They found that in the nresence of
Mglls, the reaction for A-5-Pase wes inhibited by CaCl,, and

his inhibition could be overcome by the addition of more
FgCly. IMNovikoff (19%2) also observed that calcium ions strong-
ly inhibited the action of a-Y-Pase. In these experiments
both MgCl, and CaC12 wvere pnresent in the substrate mixture.
assuning that the results obtained by these woriiers are
correct, the conditions for A-5-Pase inhibition were satis-
fied in these experirents. The possibility that hydrogen ion
concentration was the controliing factor in lowered A-5-Pase
activity cannot be ruled out since pi values used in these
exneriments were at optima for maxinum enzymatic activity in
mammalian tissues, i.e., pd 8.3 (A-5-Pase) and »ni 9.4 (gly-
ceronhosnhatase), Gormori (1952). Cptimum hydrogen ion con-

centration for engymatic activity in Tetrahy-ena may differ

from that found in vertebrate tissues.

The conditions causing erratic A-5-Pase reactions when
magnesiun was added to the basic culture mediun was not sat-
isfactorily explained on the basis of ZJaCl, inhibition or

favorable »d ontina. It wes evident that addition of mag-

nesium ions to the basic culture inediun (trystone) did not

e

have the same activating effect on a-5-Pase activity as it
did on zlrecroniosnaatase activity, i.c., glvceronhosdhatase
activity reached a hizher total level and was sustained for
a lonzer »neriod of tine than was a=9-Prse activity. These

results suzzest, but do not demonstrote, that 11301, is not



50

an efficient activator of A-5-Pase. "Jachistein and lleisel (1952)
and lctanus ct zl. (12%2) found thet moznesiwm was not essen-
tial for maxinun A-5-Pase sctivity, while Ilennel and Iilmoe
(1951) found that oddition of LgClg to zlreine buffer induced
Hronouace ctivation of a-%-Pase,

It s observed by Feanell and larzke (105h%) that K:Clz
ad’ed to the trryntone culture media incre-sed glyceronhos-
nhatasc activity. Results obtained in tiiis study are in gen-

cral acreerent with these £ind

o
[N
’5
[&]
.

It wrs found during the course of tiis stud;r that the

ad”ition of vitanins to trimtone-izCl, solution incrcased

\n
|
)

o)

A- ctivity to a greater de:ree than clrceronhasyha-

25

o)
0

N

tase act

o

vity, vhereas the addition of vitamins alone de-
cronsed A-b5=-Pase activity.

Tennell ard larzize (19%4) found thot cells cultured in
vitarin-enriched trrnatone solutions e:iibited decrcosed and
nltimate iriihition of zlreceronosniatase activity and thnt
enryatic activity wvas errolic after the ~ddition of 11-C1
to vitoin-enriched frimmtonc. Haosults rooorted here tend to
beer out thelr observations in tiis resncet., It wvould secn

from obscrvations mimde in thils study thnt in vitanin-enriclied

cultures to -~hich 11501, wos adde?, A-v-DPase s zffccted to
a lesser cdegre2 than gliceronoshiatnse, althouzn the reduc-

tion in a-5-Pase a~tivity nerallels, for the iost nort, that
slveeronosnihatnse, This suzzosts thict »nerhcns vitanins
ong with II;C1A oner-te in so 2 way to increase the cctivity

of A-S5-Pase more than that of ;lryceronhosnhhatasc.
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The loored activity of a-f-Pase and a-3-Pase after sub-
stitution of C.01ll citrate ulffer (I 5.5) for »nliosHucte buf-
fer in tryntone-l5C1l~ solutlon was atiributed to the citrate

buffer, furthcersore, activity of 4a-F-Pase ond A-2-Pase in

citrate hulfcred solutions vos aflected to a
than glyccrophosahntase cctivity, c.3., &4="=-Pasc and A-3-Pasc
cid not shovr the gradual incrcase in activity as +os tie case
with otlhier »hosnihwomonoestcroses (3lyceronhoshnatose, etc.).
Increesing the concentration of cilitrate buffer fron 0.01L1 to
0.0810 cornletely inhitvited gliyecropiosniatase recctions. It
seens rcasoncble to assume thiat lor concontrations of citrate
(0.01:0) haod a tendency to nrovide a more stable ccid culture
mediwn then »hos»ihate bulfer. As a conscquence, srovth rote
of organisns wes raintained but at a lower level than it was
in tryntone solution. Furthcernore, onission of the nhos»nhate
buffer decrcased niosnhiate concentration in the culture sol-
utions. Under these conditions enzy:atic activity wos de-
creased to o grecater cdeogree in A-5-P and A-3-P substrate

solutions tihwan it was in the other sulstirate solutions used

)

Results »rescnted in tiic nrecedin

m . ~

nixosHhatase reactions in L. jeoleii a cctly corrclated

»)
}-J
i)
[ lo
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¢

H
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]

1.

scemns reasonable to asswie that tryotone solutions containcd
Stbontinmun concentrations of accessory srovti-proroting
Substances. In citrate buffered (2.04i) vitanin-enriched

trihtone solutions transfer of »hos»iate fror hish chersy

L=



En
o

-
\

cornounts to low encrzy conhounds was inhibited ond srowvth

L

rate of anisss was retarded., Ilann (19%4) shored thet in

O

IR
+ o

. e St - R [ T 1 e ~A . -
the nold agahersillus nizer the tyne of srovrth meodiunm maried-

ly affected such things es the rete of »nloshicte utilization,

s

W

F<

nhosnnate content, and groti, etc.

3. nzyme inhibition and substrate sneeificitr (nultinle

appears to nalic nossible the differentiation of substrate
snecific enrynes hidrolyzing —ultiple nhoshhononoesterascs
n I, geleii, It is siznificant To note that all enzyues

vere acld and heat labile. laengwyn-Davies ct al. (1990,

=

1952) and ilevman e¢i 2l. (19%50) mrde exhwvstive studies on

.L

ohiosnhintase localization and reaction to inhibitors and

o

activators. On the basis of their findings, they concluded

c )“ogvu‘ wonoestersses are functional in rermral-
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nibition or activation of »nhos»hhatnse enziTies
in T. geleii wves thic nrincinal metlod used for maling a
distinction betwreen then, Horever, intensity of the enzymat-

ic reaction in s»necific substraotes was also utilized. In



for classification of enzjmics, since localized recactions in
the nosterior ends of cells were obtained —ith 211 substrat
sa>lutions. The activation of aflase by {Zi (0.001lD) was re-
portcd by Stern ct zl. (1251). The abhility of HC.. (0.01i) to
activate only aTPasce in T. zeleii sunsorts the viewr that tiids
enzyme 1s a distinet entity. AlPase activity was ecsily de-
monstrated, l.e., preformod »hosprates did not occlude en-
zymatic cetivity and in many tests »nreforned phosn»hates were

.

lacking altogether. On the basis of tliese observations, it

apneared that either the concentration of 4TPase vas higl

o
Gily

or specific activators of aTlPase existed in Tetroiyicna. Add-

ition of LZgCl2 to the culture solution neither increcascd nor

-

decreased alPase activity. Zailey (19%2) and DuSois et zl.

(1943a, 1943b) found that calciun was a specific 2ctivator of

this enzyme in nmarrselian tissues, Since CaCls was added to

the substrate solution in these experinents, it is suggested

o
)
ct
[

hat the Ca ion may have essentially the sare activating

effect on thie ATYPase of Llctrahrmenc., The nresence of alPase

in Tetrahvnhena moy hove in vivo significance in that 1t re-

leases »nhosnhwate from oLP, a substance containing Lizh encrgy
- . 9 o OV

volved in gl colytic recctions. a2 has =2lso boon found to
be ifenticel with or intimctely bound to nyosin, the con-

tractile element in mavi-lian muscle (Dulols, 19%3b). Its
b



i
oo earcnce in the nucleus 1may be cssoclated ia some way witn
ce 1 division and overnll boldy metabolis:z.
Yariability of enzrotic activity in £-5-2 and 4-3-P
s1iystrate solutions
toxrs, iadicated the »nresence of two different enzyres. ou-
—~rcer, on tac basis of eciprrirents perfored during
xwvestization, no data vas obtalned that secred conclusive
crmoush to suononort tidls view, Lxhosure of organisnis to sodiun
o.rsennte (0.0010) and IZi0 (D.01) »nrior to irmersion in
A= 2.P induced crratic stoining rcections in speciens of
=« geleii, i.2., results were scldo duplicated. On the other

Nornd, orcanisiks incuhnted in 4-5=-P subscouent to immersion in
b ] Z

thiese inhibitors exhibited rnore wniforn resulis. owever,
cclls cultured in tryntone-citrete solutions with addel KgClq
e incuboted In A-5-P ond a4-3-2 substirate solutions Jave
cssentially sinilar steining roceiions. Gormori (1940D),
Teds (1951), and Iennel and Iilmoe (1951) believed enminies
w123 ah snlit 4-5-P snd a-3-P were distinet entities. Gullang
o

'l Jaclzson (1928b) fornd that under cortain conditions both

SUubs trotes conld be shlit with eqsual easc by the save enzlie

e

ST~ CON Y - (] TTem vy > P B e I A KR . an v
€5C2rrges in . poloiil. Inmzrmwtic acetivity in I-1-2 cnd Cr-P

VIS not affecte? by eltlhor so’lm arserote (0.0011) or IIsCa.
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lirccroniiosHiatnse acvivity rws ob-
induced oras iLrhibhition of jlyccronlios-
G-1-Pesc or Jr-Pase. On the oltler linnd,
sed ore iInikiltition of slryzcronioshhatass

~

tiiese inlipitor substonces on tie »nhos-

T. solcii snncar to be duc either to a

G

le in acld solution and seicarbrzide,

tely nezative control and substrate
r rond, nartlal redvetion in stnining
o0 be the raesult of cremical combination

te caryiie Involved. In otiher cascs, a
erzrme reaction nroduet (»HhosHhote) with

EX

ted in an annorent reduction of enzymntic

orouzn vasiiing of or; nisis subsequent to

2 . a0 . Jem J. TV eqde & Pl - .Y .
113 in the svhstrete solution roedueed thiis



The ability of the nliosniomonocstcrases to resist tliece

inhibitory rcactions amdrarently wes the reasen for the sneci-

dall

ficity of the imhibitor-enz:me recction. activation of

enzyuetic activity s-eis to be tiie rosult of the activator

noterial suwHlying o necded metzallic ion to the enzimc.
Regeordless of thic mode of action of thicse iniibitors,

the snccific inhibitory effect nroduced by thecu on certain

enzymes 1s o very excellent necans of seoharating the varlous

[}

. - e e e . e e s
vlosnhionmonecesterasces vhen lecalization ond staining inten-

sity are of slizht or no usec. lLowever, it was found thet
unless propner contrcls and tceeimiques were maintained, the
use of inhibitors ity tiie Ca-cobalt »nroccdurc yielded con-
flicting results.

b, Imecleor cnpvrmes. “he spnecificity of the Gomori tecli-

nique for cderonstration of nuclear »nhosnhhateses has been

questioned by various investizators; among then werce Gorori

v
(1951), Lecduc and Dempsey (12%1), lartin and Jacoby (1o942),

and Loviiioff (1952)., These investizotors believed that nuclel
phosniate., Ifurthermorec, enmyme

C
ciffvsion and the srescnce of nuclear activotors cannot be

ruled out. Lanlelli and Catheside (1045) and Willnmer (1042)
wvere aohyarently able to cdemonstrate nuclecr enzyries by histo-

chermical neans, vhile Domee (1283) usced anclytical procodures

gorotlion of nlosHiuatase-=nositive nuelel

< s

)
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excent sodium clnhha-nanhthiyl zcid »hoshhate and that cells
subjected to irhidbitor subst-nces freoquently erl:ibited nu-

clecr staining s 4id most control slides. These observations

suzsgest that most nuclecr staining observed in this cilinte

ifact noscibly due to the c¢iffusion of Ja nhosnhhate
fro: sites of hish enzyintic cctivity.

The lack of nuclear staining in th2 aco-dye nrocedure
ras vointed out by Gorori (19v1) and loviioff (1952). Z:meri-
mental evicdence »nresented in this »naner is 1n comlete cgree-

ment with their observations in tiis resnect. Artifactual

nuclear staining it

-~

» the Ca-cobalt nrocedure, howrevar, does
T ’ ’

not rule out thwe useiilness of thils techniocuve. Critical cor-
narisons of nuclenr staining in cells incubated in the

swied dromonstration of a non-artifactual nunclear reaction
for ATPase under ccrtain conditions, e.;., cultivation of

. .

or;anisms 1n tryotonc-citrote solution with ofded 1581,
[N

(0.011, pI 5.5). Zells stained fron tiis culture mcdiwm have
at tires s ovm nrenounced nuclear staining aos was sihowl in
fisure 19, This staining differed sisnificently fro: that

obtained in cells roared in the sane culture mediw: ond in-
cubnted in the otler substrate seolvtions, i.c., 4-5-P, G-1-P,
etec. The ATP recctions were dorer than t .ose obloined in
these substrates, and ATP controls never ciliibited nuclear

ree of darimess obhtained then cells

staining ennroaching

wcre irmersed in ATP solations, It is believed theat these re-
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1. Specinens of I, zoleii used for studles of allinlinc

] o

ase were obtained from bacteria-free cultures ranging
ze fron 72 hours to 1,080 hours. In most simaerinents
culture age varied fronm 72 hours to 360 Lhours. The technioues
of Goumori (1952) weore uscd throushout this study to denon-
strate alizaline »nhosnhatase.

2. Seven nlioshiononossters were used in these cxneri-
ments: sodiun glyceroplosnncte, muscle adenylic acld, ycast
adenylic acid, adenosine triniosnhoric acid, zlucosc-l-nhos-

nhate (potassiun salt), creatine phospdhate (ecaleiwn salt),
and sodiun alnha-naphthyl acid »Hios»Hrate.

3. Three tynes of rcaction jrenvles trere obtalncd by
use of the Ca-cobzlt rethod: (1) finc granular nrecinitstes;
(2) an interncdiate type of »recinitate;y and (3) large gronu-
cates contoaining srall shhericel vesicles. Tnesce
could e »nroduced exmorimentally.

4, It was »nossible to drmonstrate a nuter of nhoshho-
nonoesterases active 1n tiic allaline renge: slyceroniiosniin-
tase, ATPasc, G-1-Pase, Cr-Pase, and 4i-5>-Pase., Variable
rcsults vere obtained writh A-3-Pase. These enmyic Sy
coirld be differentiated fro~ one anotner by thelr cdifferent
reshonses to activ=tors and inhibitors, and by cdifferencces

in the rclative intensities of their recciions. Locali-ation



could not be reolied wron to indicate intraccllular differ-
ences In enrmme cistribution.
5. ifagncsiw: chloride cid not onnenr escential for full

otk . . - . s L
nihoshHhiatase activity in s»oecilrens of Z. zelell. or-ever,

0

1C (0.01) cauvsed inerarsed cetivity of alPasc.

e of the culture :edia e mHloyed in-

T. seleii. Jells recred in trrotone-izCl, redla exiiinlted
hich gliceren:osniminse cctivity threngiout enlture life.

Cn the otlier hand, a-5-Pase activity wns errotic. Renloce-

~ent of the »nlosHiate bhulfer nrasent in try»ntone wedie with
- 0,017 citrate baffer (0I 5.%) and the subscnuent addition

of 1I5C1l, reduced HhosHiimtese acctivity. G-5-Pase cctivity wnis

absent or nenrly so. Clyceronioshintzse activity in triHtone,

tryntone, and tryntonc-clt

' E]

nigher then that of a-2-Pase.

Dovmvar, the onhosite effccet +os olserved in vita in-enriched
trrotone solfution ith odled 11501,

lrecronhoshiantose aetivity, no
encyotic reooctions conld be obhizined for Aa-S-Pasc onad

A=3=Pase. Tliccron onniatose activitry did not ooyyenr o To-

- ~ deI . i - I NS o PN LD -
NeNg ON LAY MIOSCICE O 4282 Ce 0L a=T=i057 OT r.-_;-p;.SCf.

2. Inceivrns of . Zoledii contrined arelorccd Y ooasvhates

oc’ ninque of Gocordi
Cells zro in toHitone colutionns for sizn wontlss or lonrer

el S

nr~Torced Yoz .otes. It tos



suszasted that Uhils ohanoronon was due to the laclt of »iwos-

niate accentors nor:olly

s1lted din the storage of »nlosHhclc within the cell, Iovwover,
1iberztion of phosniwte from celliular cornonents irmredictely

Hrior to Titwmtlon was not ruled out as a source of nrclforrned

0, Inzrmatic netivity in soceirens of T. zZeleii anpecared

suhstrate uscd., azo-Cye tosts utilizing the organic portion
o the solix: clihhc-nanhthyl acid Hhoshhaote molzcule tend
to confir- tiiis location.
10. Chservotions rde in this situdy indlcoted that
cobalt phosnhiatose and not azo-d
a2l in orzanisms culivred in troptone colutions for six onths

oxr longrr. lowever, orzonisns cultured in vitonin-enric.ed

2 —~ ey A~ e AL, O - JR. ., -t b [ T DRI L P B B S Vg e

CITZ7YoNe el ivnl 1or exrcenied DCXTLOCS 0L TLNC EIInLidiucd anflinnt-
- . ) R S ~ JE SR S I P ~ - v L P

SI31C nhoshHhatose cctlvity with thc czo-dye teclmigue.

11. The coaclusion wos rrociied that iost nuclenr rcac-
Tions rfor »iosohotose obtnined itk the Ca-cobalt tecimicue
e artifects, nrobebly duc to the olflfinity of thie nucleus

T

- - .\ . . -

—=OXr Ca »hogdHhate. llovcver, deonsirotlon of a ruclecr rcac-
o

n -hen ATP vas used 25 a substiratc was bellieved to renre-
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PLIATE I

Alkaline phosphatase activity in specimens of T. geleii W.
Figures 1, 3, 5, and 6 stained for glyceroohosphatase using
the Gomoril Ca-cobalt technique; figures 2 and 4+ stained for
azo-dye phosphatase using the Gomori azo-dye technique. Mag-
nification X570. Micrometer scale insert: 1 space = 0.01 mm.

Fig. 1. 1lik-hour cells cultured in tryptone-}MgCl,
solution;

Fig. 2. 1klhour cells cultured in tryptone-}gCl,
solution;

Fig. 3. 140-hour cells cultured in tryptone-1gCl,
solution;

Fig. %. 1h0-hour cells cultured in tryptone-MgCl,
solution;

Fig. 5. 1hO-hour cells cultured in tryptone-lgCl,
solution; and

Fig. 6. 1lhh-hour cells cultured in tryptone-1gCl,
solution.
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PLATE II

Alkaline phosvhatase activity in specimens of I. geleii W,
Figures 7% 8, and 9 stained for glycerophosphatase, 10 and

1l for A-

Pase, using the Gomori Ca-cobalt techniocue; fig-

ure 12 stained for azo-dye phosphatase using the Gomori

azo-dye technique.

Magnification X570. llicrometer scale

insert: 1 space = 0.0l mm.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

7

8.

9.

10.

11.

12.

144 hour cells cultured in tryptone-ligCl,
solution;

792-hour cells cultured in tryptone sol-
ution;

144 -hour cells subcultured in tryptone
solution for approximately six monthsj

288-hour cells cultured in tryptone sol-
ution;

216-hour cells cultured in tryptone-}gCl,
solution; and

264%-hour cells cultured in vitamin-en-
riched tryptone solution.






PLATE III

Alkaline phosphatase activity in specimens of I. geleii W,
Figure 13 stained for azo-dye phosvhatase using the Gomori
azo-dye technique; figures 14 and 19 stained for ATPasej
15, G-1-Pase; 16, Cr-Pase; 17 and 18, glycerophosphatase,
using the Gomori Ca-cobalt technique. lMagnification X570.
licrometer scale insert:s 1 svace = 0.0l mm.

Fig.

Fig.

Fige.

Fig.

Fig.

Fig.

Fig.

13.

1k,

17.

18.

190

1-hour cells cultured in tryptone-
citrate solution with added MzCls;

72-hour cells cultured in tryntone sol-
ution;s

432-hour cells cultured in tryptone sol-
utions

216-hour cells cultured in tryotone sol-
ution;

14-hour cells cultured in tryntone-
cltrate solution with added MgCl,;

288-hour cells cultured in tryptone sol-
ution. Organisms immersed in 0.2M
citrate buffer for 15 minutes prior
to incubation in glycerophosphate for
24 hours; and

72-hour cells cultured in tryptone-
citrate solution with added 1gCls.
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