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THESIS ABSTRACT

Organisms used for experimentation were cultured in

bacteria-free tryptone, tryptone-Mgel2, vitamin—enriched

tryptone, vitamin-enriched tryptone with added MgCl2, 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, muscle 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 sodium alpha—naphthyl acid phos—

phate substrate solution (azo-dye procedure).

(1) Validity of the calcium—cobalt procedure was estab-

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 phosphomonoesterases under var—

ious experimental conditions.

Type of culture medium and prolonged culture of organisms

in.3pecific media affected phOSphatase activity, i.e., in

'vitamin-enriched tryptone, citrate buffered (0.01M) tryptone

with added IvIgCl2, phosphatase activity (calcium-cobalt pro-

cedure) was inhibited. Increased concentration of citrate



2

Edward F. Degenhardt

(0.0hM) suppressed the calcium—cobalt reaction. Positive

azo-dye reactions were obtained in organisms for 0.02M and

0.0MM citrate buffered tryptone to which MgCl2 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

calcium-cobalt procedure. Organisms from tryptone solutions

which exhibited pronounced phosphatase activity and pre-

formed phosphates with the calcium-cobalt procedure were

negative for azo-dye phOSphatase.

Inhibitor experiments were carried out using semicar-

bazide, 0.002M; sodium arsenate, 0.001M; KCN, 0.0lH; sodium

glycocholate, 0.006M; HCl, 0.0lN; citrate buffered solutions

(pH 5.0), 0.2M; glycine, 0.25H; NaCl, 0.01F; saline, H202,

and distilled water (800 0.). Complete inhibition was ob—

tained with semicarbazide, sodium citrate, and HCl. Activa-

tion of ATPase was induced by KCN 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—S—Pase, A-3-Pase, ATPase. Sodium gly-

cocholate did not inhibit G—l—Pase while occasional inhibi-

tion of Cr—Pase occurred. Glycine inhibited glycerophOSpha-

tase, A—S—Pase, and Cr—Pase to a greater degree than ATPase

and G-l-Pase. Saline and NaCl induced slight or no inhibi-

tion.of glycerophosphatase, A—S—Pase, A—3-Pase, and ATPase.
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Hot distilled water (80° c.) inhibited all enzymatic

reactions.

Reactions for phOSphatase were usually located in the

posterior ends of cells. Nuclear staining reactions (cal-

cium-cobalt procedure) were believed to be artifacts. How-

ever, occasional nuclear reactions with ATP substrate, under

certain conditions, appeared to represent true enzymatic

reactions.
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INTRODUCTION

The ciliated protozoa have been used to a limited extent

for histochemical studies. Alkaline phosphatase was first

localized in Specimens of Colpidium cannylum (T. geleii) by

Sullivan (1950). He maintained that enzymatic activity we

limited to the nucleus and that cytOplasmic reactions were

dependent on migration of the enzyme from the nucleus into

the cytoplasm. Elliott and Hunter (1951) demonstrated that

T. geleii contained an enzyme capable of Splitting phOSphate

from S-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 phosphatase. Bouwman (1952) found phOSphatase

activity in both the nucleus and the cytOplasm of T. "eleii.

Hugard (1953) studied alkaline phosphatase activity in Spec-

imens of Ophryoglena and found that enzymatic activity was

absent in starved animals; upon ingestion of food, phospha-

tase activity became observable in the vicinity of the food

vacuoles. Thereafter, phosphatase activity appeared in the

macronucleus, micronucleus, and cytOplasm. Fennell and Marzke

(19bh) demonstrated that, in specimens of T. geleii cultured

in tryptone solution, cytoplasmic alkaline phOSphatase in—

creased from a minimum (24 hour cultures) to a maximum



(288 hour cultures) ana then rapidly decreased to zero

(360 hour cultures).

Alkaline phosphatase has been extensively studied in

vertebrate tissues. Danielli (19h6) made a critical study of

the calcium-cobalt technique of Gomori (1939) and Takamatsu

(1939) for the localization of alkaline phOSphatase. He

1.
,\

concluded that the positive reactions obtained with the

technique indicated the site of alkal'ne phosphatase activity.

Gomori (1952) found under certain experimental conditions

that both false—positive and false-negative reactions were

obtained with this technique. Danielli (1050) stated that the

Gomori technique suffered from a deceptive simplicity, and

one using the procedure should have a good knowledge of phy-

sics and chemistry.

Johansen and Linderstrom—Lang (1951, 1952) evaluated

the Ca—cobalt technique mentioned previously. They concluded

that the method was not dependable since (1) calcium phos-

phate has a tendency to form supersaturated solutions; (2)

the time required (0.1-2.5 seconds) for the phosphate to reach

a critical concentration was sufficient for diffusion of phos-

phate into adjacent cellular areas where precipitation oc-

curred on preformed crystal nuclei; and (3) the enzyme was

uniformly distributed in cells. Gomori (1952) and Gomori and

Benditt (1953), after a repetition of the Johansen-Linderstrom-

Lang experiments, concluded "there is no experimentally demon-

strable tendency to supersaturation under the conditions of



the correctly per erred histochemieal tests (calcium concen-

tration not less than 0.051, p: not less than 9.3), nor do

preformed crystal nuclei have any effect on the results".

U
1

He concluded his di cussion with this statement: "Further—

more, the thesis that phosphatase is distributed evenly (or

at random) among all cells or even within one cell body

cannot be accepted."

Martia and Jaeoby (19e9) superimposed strongly alkaline

phosphatase—positive sections of liver tissue upon sections

in which phosphatase was not histochemically demonstrable.

Positive reactions were obtained in the underlying tissue.

They were unable, on the basis of their experiments, to say

whether or not positive reactions were due to diffusion of

the enzyme or to an enzyme activator. Yohoyama, Stowell, and

Kathews (1951), who superimposed enzyme active duodenum

sections on inactivated liver sections, believed that posi-

tive reactions in the nuclei of the latter were due to dif—

fusion of the enzyme fron enzyne active tissue into the in-

activated tissue sections. Danielli (1953) performed essen—

tially the same type of experiment by superimposition of

phosphatase-active kidney sections on inactive liver sec-

tions. he believed tlat positive reactions in the underlying

tissue were dependent on either diffusion of phosphatase

itself or an activator substance. Novikoff (1951) presented

evidence to show that Ca phOSphate was adsorbed on nuclei

and concluded that the Ca—cobalt technique was not reliable

for localization of phosphatase. Gomori (1951) stated that
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ever, one substrate (p-chloranilidOphOSphatc) did present

a different enzyratic distribution in the acid range.

maU. J.Eewnan et a_. (1950) employed various suIsrate U
)

inhibitors and demonstrated three major groups of phospha-

tase enzymes, i.e., cytoplasmic phosp’:atases (groups I and II)

and nucleer phosphatases (broup III).

Studies on the role of phospha ase e-1zynes in growth

and development have been made by numerous investigators.

IIoog (1940) found that alkaline ahosphatase increased in

Chicken embryos of 48 to 96 hours incubation, decreased be-

tween 96 and 144 hours, and then increased again between 144

and 240 hours incubation. Johnson and Bevelander (1947)

found that presence of a1kaline ph03p11atase was correlated

with proliferation and differentiation of all cells that

were concerned with feat}er development. Bevelander and

Johnson (1949) demonstrated abundant pIosphatase activity in

aneloblasts during matrix formation and the subsequent ca1-

cification of enamel. Karcznar and Berg (1951) observed dif-

ferences between alkaline phosphatase associated with the

larval liMb of Amblvstona and that functional in limb ontog-

eny and regeneration. Flavia and Pearson (1954) found phos-

phatase activity was reduced in rapidly growing tunors and

in tumor areas which were especially ana11astic. Clark et a1.

(1950) found that phosfl11atase activity in huiuans increased

between the sixth and ninth decades of life.
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The function of phOSphatase in cell metabolism has been

treated by Krugelis (1946a), Kanen and Spiegelman (1948),

U

hstein and heier (1949), Bradfield (1950), Gold and Gouldd
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It is evident iron this review of the literature on

phOSphatases that the function of phosphatases, the action of

enzyme inhibitors, relative enzymatic activity in various

substrate solutions, and the existence of multiple phospha-

tases is still open to question. Questions have also arisen

concerning the reliability of the Gomori technique for demon—

stration of alkaline phosphatase in cell nuclei.

It is the purpose of this study to: (1) test the relia-

bility of the Gomori technique for demonstration of alk1line

phOSphatase in cell nuclei; (2) ascertain whether or not, on

the basis of enzyme inhibitors, localization, and staining

intensity, multiple phosghatases exist in 1. geleii; and (3)

show the activity value for phOSphatase in specimens of

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



MATERIALS AND KETHODS

Specimens of 2. geleii (strain U) used in the follow;

ing eXperiments were cultured in bacteria-free (l) tryptone

solution; (2) tryptone-M3012 solution; (3) vitamin-enriched

tryptone solution; (4) vitanin—enriched tryptone solution

with acdded hg019; and (5) tryptone—citrate solution with

added LgClQ.

Tryptone solution (Bacto-tryptone, Difco Laboratories,

15 gm;; KH2P04, 1 gm.; and 1 liter glass-distilled water)

‘wa3 use as an experimental medium and also for the mainte-

nance of stock cultures. Repetitions of experiments were made

with organisms that were maintained in vitamin-enriched sol—

utions prior to inoculation of experimental cultures (tryp-

tone, tryptone—M3012, etc.). Tryptone—Ngc 2 solutions were

made by the addition of 1.07 gm. KgolZ to the basic medium.

Vitamin—enriched tryptone solutions were made by the addition

of 1 mg. riboflavin, 1 mg. thiamine hydrochloride, 1 micro-

gram nicotinic acid, and 0.5 nicrogran biotin to the basic

medium. Vitamin—enriched tryptone solution with added Mg012

was made in the same manner as vitamin-ennriched tryptone

medium except that 1.07 gm. of Mg312 was added. The final

culture medium (tryptone-citrate solution with added MgCl2)

was varied slightly by replacing the KH2P04 buffer present

in the basic:medium with a O. 01" sodium citrate buff e-r (2.06



gm. sodium citrate and 0.63 gm. citric acid per liter of

culture solution). Iagnesium chloride was then added to this

solution in the amount of 1.07 gm. In other experiments,

either 4.72 gm. of sodium citrate and 0.84 gm. of citric

acid, or 8.44 gm. sodium citrate and 1.68 gm. of citric acid

was substituted, i.e., 0.02M and 0.04M citrate buffer, re—

spectively, for the 0.01H buffer. The final pH before steri-

lization was set at 5.5. ’

Organisms used in all experiments were cultured in 125

m1. Erlenmeyer flasks. Eacteria-free cultures of T. geleii

were established by the 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 m1.

of sterile culture solution.

For localization of alkaline phosphatase in T. geleii

from various culture solutions (tryptone solution, tryptone-

MgC12 solution, etc.), tests were made 72 hours subsequent to

inoculation and every 72 hours thereafter until organisms

disappeared from the culture solutions.

Test organisms were obtained from the cultures by trans-

fer of approximately 12 m1. of the culture solution (cultures

were then discarded) to a 15 m1. centrifuge tube. The tube

was centrifuged at 1500 r.p.m. for not longer than five

minutes. Eleven milliliters of the supernatant were removed

with a pipette. The orga1isms were left suspended in 1 ml.

of culture medium. The cellular concentrate was withdrawn



from the centrifuge tube using a 1 m1. pipette. A drop

(0.1 ml.) of this cellular concentrate was then placed on

each clean albumen or gelatin coated slide and allowed to

dry in air. The slides were transferred to 50 m1. of either

cold C.P. or U.S.P. acetone (50 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 ceplin jar,

hydrated to water, and stained, using one of the Gomori

Ca—cobalt tests for alkaline phOSphatase (Gomori, 1952).

They were then dehydrated, cleared in xylene, and mounted

in balsamr

The test for glycerOphOSphatase was run as described

by Gomori (1952). Tests for 5-nuc1eotidase were run as des—

cribed by Gomori (1952) using 20 mg. of muscle adenylic acid

as a substrate. This technique was also utilized when yeast

adenylic acid and adenosine triphosphoric acid were used as

substrates. In tests using creatine phOSphate (calcium salt)

and glucose-l—phosphate (potassium salt), the same technique

was used except the pH of the substrate mixture was adjusted

to 9.4 instead of 8.3. The Ca-cobalt technique was checked

in most instances by substitution of sodium alpha-naphthyl

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 glucose-l-
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phOSphate; they were incubated for one hour in sodium glycero-

phOSphate. When sodium alpha-naphthyl acid phosphate was used

as a substrate, the incubation time was five to ten minutes.

The incubation temperature in all cases, except when sodium

alpha-naphthyl acid phOSphate was used, was held at 370 C;i

l0 C. The incubation temperature for the latter was 200 Cfit2o 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 (0.001M and 0.01M), semicarbazide (0.002M

and 0.02M), citrate buffer (0.2M, 0.01M, and 0.000lM,pH 4.5-

5.0), H01 (0.1N), KCN (0.01M), H2O2 (1 ml. 30 per cent H202

made up to 50 ml. with distilled water), HaCl (0.01h),

saline (0.14M), sodium glycocholate (0.006K), and glycine

(0.25M). Water used for inactivation of enzymes was heated

to 800 C.; slides on which organisms were mounted were im-

mersed in it and left 15 minutes.

In other experiments MgCl2 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 replacement 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; h, 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 (M) the

relative number of positive cells (few, most, all). This

estimate also involved all the cells on the slide rather

than individual cells or groups 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 phOSphatase

activity is in no sense a quantitative value. It does, how—

ever, indicate trends in enzymatic activity and does provide

a means of qualitative comparison. Subjective rating scales

for the estimation of phosphatase activity similar to this

were used by Kaengwyn-Davies at al. (1950, 1952) and Wachstein

and Meisel (195%).



Organisms used for experimentation 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. §,eomparison g: the Ca—cobalt and azo-dye techniques
 

for localization of alkaline phosphatase activity. Doyle

at 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 Gomori (1952) was

used to check the validity of localization of phosphatase

wi h the Ca-cobalt technique. Both procedures 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 phosphate within the cell. Subsequent treat-

ment of the precipitate with cobalt and ammonium sulfide

transforms the colorless Ca phosphate into a dark brown or

black precipitate at the sites of enzymatic activity.

In the azo-dye method, the organic portion of the mole-

cule is utilized for demonstration of enzyratic activity.

Phenol is liberated from a phOSphate ester (sodium alpha-

naphthyl acid phosphate) by enzyme action. A cOIpling of the
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phenol with the azo—dye produces an insoluble purple precip-

itate in enzyme active areas of the cell.

Three generalized types of precipitates were obtained

in Specimens of l. geleii with the Ca-cobalt technique, i.e.,

(1) fine granular black precipitates; (2) an intermediate

precipitate (fine granules plus a variable nuwber of larger

black granules); and (3) a large vesicular precipitate.

1. Fine granular precipitates were usually encountered

in Specimens from young cultures of organisms. Figure 1 shows

Specimens from a 144 hour tryptone—MgCl2 culture. Individual

granules which were stained bluish-black were barely resolv—

able with a high power lens system (X400). They were usually

arranged to form a narrow oblique band at the posterior end

of the cells. In other individuals the fine granules were

randomly or uniformly distributed in the cytOplasm.

Organisms from this same 144 hour culture when stained

with the azo—dye technique exhibited a precipitate which

differed in several respects from the precipitate des—

cribed in the preceding paragraph. The azo-dye precipitate

was dark purple in color. A concentration of precipitate at

the posterior end of the cell was the exception rather than

the rule. In some specimens the anterior end of the precipi-

tate was adjacent to the nucleus, but the posterior end

terminated several microns anterior to the posterior tip of

the cell (fig. 2). In other specimens the precipitate was

restricted to one or more longitudinal bands. Precipitates
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concentrated po8 terior to the nucleus, including the longi—

tudinal band-preciipnitattes, —xhibited a variable number of

large purple granules which were invested by fine purple

granules. The larger cytoplnsmic granules (two or more) in

other individuals were randomly distributed in the cytOplasm.

2. The internediate type of precipitate, obtained with

the Ca—cobalt procedure, is illustrated inMigure 3. Speci-

mens were obtained from a 140 hour tryptone-KgT12 solution.

It is evident that the precipitate consisted of a compacted

mass of large and 81811 black granules. In most specimens the

enzyme active area was restricted to the posterior end of

the cells, but in some organisms precipitates were either

uniiformly or ra-rolly dist-ributed in the cytoplasm. Conpacted

recipitates were sufficiently extensive to cover the pos-

terior one—fourth of the cytOplasn.

A coparison of the Ca—cobalt reaction (fig 3) with

the azo—dye reaction (fig. 4) in specimens from the sane lhO

hour culture, shows that the intracellular phosphatase active

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

i.e., in the majority of organisms both Ca—cobalt and azo-

dye precipitates were concentrated in the posterior portion

of the cell. The coparison also shows that the extent of

the phOSphatase active area was essentially the same with

both procedures. It is also evident in figure 4 that a few

Specimens exhibit a precipitate that has a tendency to be

arranged in longitudinal bands



3. Large granular Ca—cob lt precipitates were identified

in specinezis cultured in tryptone, tryptone-IgClg, and vita-

min-enriched tryptone with added Mg312 solutions. Spherical

vesicles, principal components of the precipitate, had an

average diameter of three microns. They occurred singly or

in clumps ranging in number from three to SilC or more (fig.

There weS a terdeency for vesicle to be concentrated at the

posterior end of the cells, but in some specimens they were

arranged in a linear series. In other specimens they were

uniformly or randomly distributed in the cytOplasm. Staining

reactions were variable with the Ca-cobalt technique. Range

of color varied from light gray to dark black. Gray vesicles

were homogeneous in appearance, and the darker vesicles ex-

hibited variable amounts of blacn particulate matter uni-

formly distributed within the vesicle. A conparison of vesi-

cular particulate materials within vesicles with the fine

particulate matter in the posterior ends of cellS showed

that from a morphological point of view they were indistin-

giishable.

Large granular precipitates were produced by experi-

mental procedures. Specimens of T. cclcii cultured in tryp—
—.h——

tone-12g012 solution were concentrated at the bottom of a

5).

15 n1. centrifuge tube by centrifugation at about 1500 r.p.m.

All but 1 ml. of solution (in which Specimens of Tetrahynena

were concentrated) was removed withaa pipette. Organi ns

1

tested for alkaline phOSpnatase at this stage 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 m1. of 0.01H citrate buffer (pH 5.1). Organisms were

again concentrated by centrifugation, and then 14 m1. 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-MgCl2 solution in

a 125 ml. Erlenmeyer flask. Specimens of T. geleii prior to

transfer to tryptone-K0012 solution did not show either vesi—

cles or phOSphatase activity.

After two hours incubation in the Erlenmeyer flask,

Specimens of T. geleii were removed from the tryptone—MgC12

solution, affixed to slides, transferred to cobalt nitrate

solution, and left for five minutes prior to immersion in

ammonium sulfide. An examination of the preparation Showed

an abundance of intracellular and extracellular vesicles

(fig. 7). Phosphatase activity ranged from a weak (gray ves-

icles) to a strongly positive reaction (black vesicles). It

is evident from these observations that positive phosphatase

reactions can be obtained in Tetrahymcna when incubation in

substrate solution is omitted.

U
)

'
1
:

2. §_conparison g: glycerOphosphata e anr muscle adenylic

f 2. geleii culturedacid phOSphatase activity in Specimens

in tryptone solution. Control slides were utilized in all

Xperiments. Careful consideration was given to positive
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reactions that were in part dependent on preformed phos-

phates. Thus, the results given in the following paragraphs

actually represent trends in phOSphatase activity.

It is evident in text-figure 1 that phOSphatase activity

in glycerOphOSphate (pH9 4) increased from about 1.5 (72

hour cultures) to a maximum of 3.0 (144 hours), and then

decreased to zero (360 hours). Phosphatase activity increased

again to reach a second maximum of about 2. (504 hours), and

then it decreased to about zero at 648 hours. A third maxi-

mum (3.0) was observed in specirens from 792 hour cultures

(fig. 8). PhOSphatase activity then gradually decreased to

nearly zero in 1,080 hour cultures.

It was apparent late in these experiments that cells

aintained in tryptone solutions for approximately six months

exhibited increased anounts of preformed phosphates (fig 9)

with an average value of 5.0-6.0 (text—fig. 1). Under these

conditions enzyme inhibitors were utilized for making a dis—

tinction between false-positive reactions and true phospha—

tase reactions.

It is also evident in text—figure 1 that phosphatase

activity in A—S—P (pH 8.3) was similar to enzymatic activity

in glycerOphosphate, i.e., maximum and mininum activities

were evident. A comparison of enzyWatic activity in the two

substrate solutions Slows that succeeding maxima in A——P,

subsequent to 288 hours, beca:1e progressively lower, 3- 5 at

288 hours, 2.0 at 432 hours, and 1.0 at 792 hours. :urtber-



TEXT-FIGmn3 1

Relation between culture a.e, ‘lycerOphosphatase activity,

mid A—S-Pase activity in Specimens of T. geleii W cu tured

in tryptone media. Activity value ascerta :ed as described

under :aterials and methods.

(), T. geleii W cultured in tryptone media for

31x nontns;

. , 2;.gClC11 x! c1-lturec 1n tryptone‘media and

stained for a-,—Pase act1v1ty oy the

calcium—cobalt method of Gomori; and

C) ’.T. “eleii N cultuer in tryptone“e118. an

stained for "lvcer0p.os)“atase activity

by the calcium-cotalt net:Mo of Gonori.
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more, enzymatic activity decreased to about zero in A-b-P at

360, 576, and 93 hour cultures. 0n the other hand, glycero-

pnosphatase activity decreased to zero at 360 and 1,080 hours

A comparison of figure 8 with figure 10 shows that maximum

phosphatase activity in A-S-P substrate solution (288 hours)

was higher than it was in glycerOphosphate.

Text— fi1g11T8 2 summarizes the results obtained with

organisns cultured in tryptone—IgClg solutions. A comparison

of text-figure l with text—figure 2 shows that phosphatase

act1v1ty 1n tryptone-Ig012 solution was

tryptone solution. In tLe former, glycerOpiosphatase activity

increaased fro: about 3.0 in 72 hour cultures (the maximum

activity in tryptone solution) to a maximum of about 5.0 in

360-432 hour cultures. Enzymatic activity then decreased to

a minimum 1 about 1. 0 as the age of the culture increased

from 43 2 to 720 hours. Phosphatase activity increased aain

to reach a second maxiuum of 3.5 (792 hours), and then grad-

ually decreased to 2.0 as the age of the culture increased to

1,08011ours.

Text-figure 2 also shows that A-S—Pase activity was more

erratic than that of glycerOphosphatase in specimens cultured

in tryptone—thlg solution. In the former, enzynatic activity

was at a minimum of 0.5 at 72 hours. A—b-Pase activity then

increased to a maxiium of 5.0 at 216 hours (fig. 11), de-

creased to a second rininun of 1.5 at 360 hours, and then

acreased again to reach a second uaxinun of 5.0 at 432 hours.

Tiniua of zero again occurre0 at 576 ancl 720 hours
I
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EXT-FIGURE 2

Relation between

and A-fi—Pase act

culture age, glyceroohosphatese activity,

1vity in specimens of :. geleii U cultured

in tryptone—Kg012 ncdia.

C), Glyceronhosohatase activity, and

., .1-5-Pase activity.
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Results obtained with organisms cultured in vitamin-

enriched tryptone solutions are summarized in text-figure 3.

PhOSphatase activity in glycerophosphate increased from 1.0

at 72 hours to a maximum of 3.0 at 288 hours, and then de—

creased to a minimum of 0.5 at 648 hours. It is evident in

text-figure 3 that enzymatic activity in A—S—P tended to

parallel enzymatic activity in glycerophOSphate with the

exception that in the former activity was lower. a-b_Pase

activity in 1-5-? increased from zero at 72 hours to a max—

imum of 2.5 at 144 hours, and then decreased to almost zero

at 360 and 432 hours.

A comparison of text—figure l with text-figure 3 shows

that, in general, total enzymatic activity was lower in or-

ganisms grown in vitamin-enriched tryptone solutions than it

was in organisms fron tryptone media. It also shows that in

the former (vitamin-enriched tryptone solutions) enzynatic

activity increased more uniformly to reach a maximum, and

then it decreased to a mininum, whereas in tryptone solutions

numerous naxina and minina were observed. A comparison of

text-figure 2 with text-figure 3 shows that enzymatic acti—

vity vas lover in cells grown in vitamin—enriched tryptone

solutions than it was in organisms cultured in tryotone—

Mg012 solutions.

These results are in general agrcefient with those of

Fennell and harzke (1954) who found that strongly positive

1

reactions (Ca-cobalt), waich charact rizee organisms fron(
D
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TEXT—FIGURE

Relation between culture age, glyceroohosohatase activity,
1 ,4 '0 o o o .0

and A-p-Pase act1v1ty in specimens of 2. geleii w cultured

in vitamin—enricned tryptone ned'a.

C), GlyceroahOSphatase activity; and

., :1- S—Pase activity.
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Invvm Tyrr'r‘fi‘fl

Relation between culture age, glycerOphcsphat se activity,

and a—f—‘ase activity in saecinens of 2. geleii U cultured

in VitLuLu-Cricluad tryfii011e media with aueed ;

C), Clyceroaosunata.o actiV’ty; ane

.' r r‘ “Y“?"‘

., a—E—Pase activity.
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A comparison of text—figure 4 with text-figures l, 2,

and 3 shows that enzymatic activity in both g13 cerovhos-

:1111— enriched1
:

"
J
:
-

phate and 3-5-? drOps much more sharply in v

tryptone solutions with add01d thl2 than in the other e::peri-

mental culture media. It is also evvile11t (text- fig. 4) that

enzvuatic activity we initially higher in vitamin—enriched

tryptone with added ILgCl2 than it was in tryptone, tryptone—

th12, and vitamin-enriched tryptone media.

Results obtained with organisms from tryptone-citrate

solutions ~ith added hg012 are summarized in text-figure 5.

Enzvvatic activity in blvcerooaosmtte substrta te solution

rose from a “1n1rua of 1.0 at 72 hours to a razinum of 2.0

at 144 hours, d_eereasing to a second minimum of 1.5 at 210

hours. Enzymatic activity reached a second maximum of 2.0 at

288 hours. The activity of the enzrne in A—S— P was a1:ost

zero in organisms from all ages of culture. Enzymatic acti—

vity was absent at 72 hours. It increased to about 0.1 at

144 hours and 216 h urs, and then it decreased again to zero

hours.C
O

at 23

a
»

comparison of text—figure 5 with tex —figures 1, 2,

4 shows that u ximun glycerOphosphatase activity wasL
o

.
5

9
.
:

, an1

lower and total A_5_Pase activity was lowest in tryptone-

MgClp solution in which the concentration of citrate buffer

wras 0.01M.



H
o

3. A conpar son f .aast ademrlic acid ehosseatase aieno-
— —- —L——

K”
.

r"
)

sine trinhosohatase, glucose-l-ehosohatase, and creatine

nhosuhatase activity in tryptone solutions and in tryptonne—

citrate solutions with added 330 2. It is clearly evident

from a co parison of text-figure 5 with to::t- 1"15ure 6 hat

phosphatase activity was Mi5heer in all substrate solutions

(A_3—P, etc.) in organisms obtained from trystone media. It

can be seen that enzyratic activity in A—3-P was al11ost ao-

sent in or5anisns from tryptone-citrate solution with added

K5C12 (te:{t— fi5‘ .5), while in tryptone (text-fig. 6) A-3—Pase

activity was at a maximum of 3.5 in 72 hour cultures. This

was followed by a minimum of 1.5 at 144 hours, a second

maximum Of 3.0 at 216 and 288 hours, and a subsequent de—

crease to zero at 360 hours

Ens;71atic ac tivity in A1P substrate solution unifor1y

increased in or5anisns from 72 hours to 288 hours in tryptone-

citrate solutions with added K5012. Activity at 72 hours was

at a nininun of 0.5, gradually increased to 1.5 at 144 and

216 hours, and then increased to a maximum of 2.0 at 2o8

hours. The Opposite reaction was evident in cells grown in

tryptone solutiw . The activity was at a maximum of 4.5 at

72 hours (fig. 14); this was followed by a gradual decrease

to zero at 330 hours.

Enzynatic activity in G-—P substrate solution is shown

in text- figure 5 by ma}:ima of 2.5 at 72 and 288 hours, and

minima of 2.0 at 144 and 216 hours. The Opposite effect is
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TEXT-TIIGURE 5

culture age andPzTr°tTc activity in speci-

' in N33W0e-citrate solution

‘nitll a‘CL(’-_ GO. eIC:8L/~12",.

4‘ .

G—l—Pase QCulVi‘y;

}
o

Cr—Pase actTvity;

‘ O

h

glycerophospnata

A—3—Iase activith.
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shown in cells grown in tryptone where the results, when

illustrated graphically, form an inverted "V". A minimum of

5.0 occurred at 72 hours followed by a maximum of 6.0 at 216

hours, succeeded by a second minimum of 3.0 at #32 hours (fig. 15).

It is evident in text-figure 5 that enzymatic activity

in Cr—P substrate solution increased from 2. O at 72 hours to

a na.xix1un of?.5 at 1M4 hours, and then it decreased to a

minimum of 2.0 at 216 hours. This was succeeded by a second

maximum of 3.0 at 288 hours. It is also shown in text-figure

6 that Cr—Pase activity in tryptone rose from an activity

value of 3.0 at 72 hours to a maximum of 6.0 at 2161iours

(fig. 16), succeeded by a minimum of zero at 360 hours.

A conparison of tezct-figures 5 an 6 also shows that

enzyMatic activity in tryptonne (text- fig .6) was either

represented by a curve that increased to a peak and then

declined to a low level (G—l-P and Cr-P) or one in which

there was essentially a continued lowering of encynatic

activity with culture age (ATP and A—3—P). Enzynatic activity

in cells grown in tryptone—citrate soiution with added KgC12

(text-fig. 5) is e:{hibited by curves essentially the reverse

of those text-figure 6, that is, there is a gra ual rise

in enzymatic activity in ATP and Cr-P substrate solutions,

or there is a fall in enzynatic activity to minimal level

which is followed by a rise in activity (G-l—P). The activity

of A— -Pase is here repr(sented by zinina activity.



 

and onosohatase activity. Organisms from Vitamin-enriched

tryptone solutions with aeded IgClg in which the concen-

tration of citrate buffer was increased to 0.04H were used

in this series of exoerLlents.

rigure 13 shows that strongly positive alkaline phos-

phatase reectiorIS were obtained with the ago—dye procedure

in orgar1isms from 144 hour cultures (216 hours subsequent to

establishment of citrate buffered cultures). On the other

hand, algaline nhosyhatase activity was not deronstrated in

organisms fron this save culture with the Ca-cobalt proced—

ure (fig. 17). Lssentially the same results were Obbained

1 organisms from 96 hour cultures (2’8 hours subsequent

to establisiment of citrate buffered cultures). The exyeri—

ent was renea ed again with organisms from a 96 hour cui-

ture (total time in<fltrate buffered solutions, 384 hours).

Positive reactions were a ain eatained with the azo-dy pro—

cedure, aLd no reaction was oatained with the Ca—cobalt

procedure although both A—J-P and ATP were substituted for

glycerOphosnhate in the susstrete solutions. Specirens incu-

bated in the latter exhibited nuclei which were stained

citrate erffered solutions by subculuriitg for #9 days, and

then sr1cu1tures were established in which the concent tion

a :1- 1. wuno‘ m n . .1. , . 1-..“. 4-? 1‘

01 c1t1ate ehllcr wws increased b0 0. who hihetu s x hours
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subsequent to seeding, negative reactions for alkaline phos-

phatase were obtained wit11 both the azo—dye and Ca— cobalt

procedures.

  

specificity, and intracellular localization. Six phosphate-

containing su1strates were utilized at different hydrogen ion

(
3
.
:

concentrations, e.g., so iuxn glycerOphoSphate, glucose-1-

phOSphate, potassiu21 salt (G—l-P), and creatine phOSphate,

alcium salt (Cr—P), pH 9.4; muscle adenylic acid (A—fi-P),

yeast adenylic acid (A-3_P), and adenosine triphOSphoric

acid (ATP), pH 8.3.

In general, all substrates tested gave positive reactions

which were usually restricted to the posterior ends of the

cells. Part of this posterior activity was due to preformed

phosphates as was wiovn by control slides. Hydrogen ion

concentration of the substrate solution was an inportant

factor in demonstration of preformed phOSphates, i,e, he

concentration of pre1orned phOSphate was greater at pH9. 4

than at pH 8.3. ho method was devised for removal of phos-

phate without destroying all phos aha ase reactions alonng

11th the preforted phOSphatos. In all cases critical com—

parisons of control and substrate slides were medo, and only

those results are reported which demonstrated distinct dif—

ferences between experimental and control orga1isns.

Various conpoundsl1rnown to cause inhibition or activa—

tion of phos atase enzy:1os,haengwyn—Davies et a1. (1950
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l9f2) and Newman gt a1. (1950), were used in conjunction

with t‘11e substrates. Organisz3 were left in the various

inhibitor sol‘Mtons for 15 rainutes prior to immersion in

substrate solution. Results obtained are presented in Table I

which summarizes he effect of inhibitors and activators on

the phosphononoesterases of 2. geleii. It is apparent that

DH 5, and 0.1K H01 com—
J.

0. 002II se:1icarbazide, 0.2K citrate,

pletely suppressed all phOSphatase activity. These inhibitors

did not distinguish between false—positive and true enzyme

reactions. This was not the case Mi1the other inhibitors

used. Potassium cyanide, 0. 01K, terded to activate QTPase.

It induced moderate inhibition of A-5;Pase, and caused

slight or no inhibition of glycerOphOSphatase, G-l-Pase, and

Cr—Pase. Its action on A—3—Pase was erratic. Sodium arsenate,

0.001M, caused less inhibitionoglycerofimophatase, ATPase,

G—l-Pase, and Cr—Pase than of A—S_Pase or A—3—Pase. Glycine,

0.25M, caused little reduction of G—l—Pase activity, slight-

ly more inhibition of ATPase, and induced moderate to heavy

suppression of glyccerOphosphatase, A—S-Pase, A-3- Pase, and

Cr—Pase activity. Saline and 0. 0111 hCl caused little or no

reduction of enzymatic activity. Distilled water at 800

alway51indr1ced inhibition of enz;matic activity but seldom

completely suppressed positive phosphate reactions. H202

caused no inhibition of G—l-Pase and Cr—Pase; glycerOphos-

Q

pI_atase and 3—3- Pase were inhibited toaagreater degree than

either ATPase or A—S—Pase. Sodium glycocholate, 0.0063,
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TABLE I

THE EFFECT OF IEEIBITOH? AKD ACTIVATORS ON THE

PHOSPEOKONOESTERASES OF 1. ggisll w

 

Glycero- A-S—P A-3-P ATP G-l-P Cr-P

 

phOSphatase ase ase ase ase ase

pH of

substrate 9.% 8.3 8.3 8.3 9.% 9.H

solution

Sodium 0.00lM 0-1 1-2 0-2 O-l O O

arsenate 0.01M 2 % --- --- _-_ _-_

Semicar- 0.002H 4 h 4 H H #

bazide 0.02M 4 H h h h u

KCN 0.01M 1 2 o—l-// %/ 0-1 0-1

Sodium

glyoo- 0.006M --- --- --- --- 0 0-1

cholate

Citrate 0.2M h 4 H 4 fl 4

buffer 0.01M 3 --- --- --- --- _-_

pH 5.5 0.000lM l --— -_- -—- _-- ---

HCl 0.1N 4 h H M H H

Glycine 0.25H 2-3 2-3 2—3 1-2 O-l 2-3

neroent in 1-2 1 1-2 0-1 0 O

h9 ml. H20)

Saline 0-1 0-1 O—l —-- —-- ---

NaCl 0.01M 0 0-1 O-l O-l --- -——

M3012 #0 #0 /O /O /O /O

Distilled

water 800 C. 3 3 3 3 3 3

 



TABLE I (Cont.)

Specimens of I, geleii 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 prior immersion in inhibitor or

activator substances also exhibited positive staining with

this technique.

Explanation of Table number values is as follows: ---, no

data available; 0, no inhibition; 1, slight inhibition; 2,

moderate inhibition; 3, heavy inhibition; 4, total inhibi-

tion; //, activation; #0, no activation or inhibition.





Ml

caused no inhibition of G—l-Pase and little suppression of

Cr-Pase activity. The addition of thl2 to the various sub-

strate solutions did not seem to inhibit or stimulate phos—

phomonoesterase activity. This was in contrast to the usually

accepted fact that Hg012 is an activator of phOSphatase

enzymes.

Substrate Specificity was demonstrated utilizing stain-

ing intensities and the presence or absence of enzymatic

reactions. In general A—S—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-S—Pase was also absent. On the other hand, the reaction

for glycerophosphatase did not seem to depend on he pre—

sence or absence of A-S—Pase. The behavior of A—3—Pase in

this respect was essentially the sane 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 most

cases demonstrable even if the A_S_Pase and A—B—Pase reac-

tions were absent (text-fig. 5). The reverse was not ob-

served. When A—S—Pase and A-3-Pase were present, their acti-

vity was less than that of ATPase where direct comparisons

were made (text-fig. 5—6). The ATPase reaction usually was

less intense than the reaction for glycerOphosphatase in

tryptone-citrate solutions with added HgCl2 (text-fir. 5).
Q



The reactions for -l—Pase and Cr— Pase tended to be

higher than those obtained for ATPase and glycerOphOSphatase,

and always higher than the

(text—figs. 5—6). In general there was

Cr—Pase to give a stronger reaction than

cells were cultured in tryptone-citrate

14.2012 (text—fig. 5). I-v'hen on 3’ tI'Y‘fi‘COHQ

culture medium, the reverse seemed true

A differential location of enzymes

f.

T geleii was not4-.

—

monoesters in demonstra

eaction for A-S-Pase and A-3—Pase

slight tendency for

G-l-Pase when the

solution with added

was present in the

(text-fig. 6).

attac1m1 bh s
‘

o pho-
,1.

O

ble in 0 5anisns

from tryptone, tryptone—thlQ, vitamin-enriched tryitone, or

vitanin-enriched tryptone with added MgC

presented a different pattern of enzvna

12. However, ATPase

tic activity in cells

grown in tryptone—citrate solutions with added MgClg

(O. 01H, ph 5. 5),i .e., both nuclear and

was deronstrated.

J.

1 L6. Euclear s aining y-

gelei . Q
)

IucleT. was observed

cytonlasnic activity

facts observed in

most frequently

with glycerophospmite, G-l- P, Cr— P, and ATP, less frequent-

ly with A-5—P and A—3-P, and never with sodium

,

a 11cid p cephate (azo-dye).

With few exceptions (noted below),

in control solutions and in the various

tions also exhibited nuclear stainiing.

0.2:]:

leCGTODhOSphate for 24 hours 5ave only nuclear rcactions (fig

0

i:

citrate buffer (ph 5) for 15 “lflUbCo and incuoa

alpha-n hth~l

ganisns incubated

LhiLitor re ra

"
d

P3

Cells subjected to

9

ln

1

80.

.18).
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The nuclear reactions observed with ATP in cells cul-

tured in tryptone—citrate solution with acmld LgClg (ph 5.5)

alapeared to be of a different ty and intensity than the

ther nuclear reactions (fig. 19). 1ne nuclei were very da ”

and hieghly discernible. Cells from the same cultures incup

baa ted in A—5—P ,G-l-P, and Cr—P substrate solutions (93 8.3)

d not show this sane type of nuclear reaction. The nuclearO
;

H
.

reaction in ATP we5 de21mostrated only in cells ra.ised in

culture media where the 0.01M citrate buffer (pH 5.5) was

present. However, the reaction was not always observed. It

was seen when cytOplasmic reactions were either positive or

negative. Nuclear reactions other than the one just described

seem to indi cate the presence of diffu on artifacts.

It has already beenrn.entioned that nost specimens of

T. geleii exhibited preformed phOSphates. It should be noted,

however, that in dividing cells preformed phosphates and

enzymatic reactions were either entirely absent or a few

the nu—-.~vfaint— st:ining reaction granules were located near

cleus. Posterior cvtoalaS“1c rtections were never observed

A diffuse g-ra" staining in the cytoalsnH
o

.
5 n
.
4 E
—
J
.

{
3
4

I
n
]
.

U
s

0
'
}

O O H

Q

.

. . - ‘ an 1 ~ ~ . .w 1 an o 3"! n a s"-

1mned1atel¢ hen mtl the pellicle 1“ all ozganisns was assa ed



l. Ca—cozelt:c ago—eja o;oso;atase. G llama and Jackson

'1 ‘10 7pm,“; .~r\ «n:— -.1.‘ V1 2' A .A - . .

(i93oa) 3-1“ 312:5. Lat bots pLObpflOLleothaSES an“ ohos:

_ [a 0" r- o J. '0 ‘ J_ h n on“ O

{Jeu 1h a variety Oi plant end ¢nlmfll tis-

sues. Ph s;io”1esucrrses lioerated phenol but did not swlit

- 1‘ *1. . r - 1' . 1' ”v ~ ‘2‘ 1' ‘ ‘ "I

once 3110 l aCiu frog ilpdeflglpuos;flate. 1neseautn018 con-
-

'
2
:

O

cluded that polynucleoti6ases, which Split nucleotides from

nucleic aCies, were oiosohoiiesterases.

eat on two leaetions: (l) phospiocicstereses split nucleo-

J-

tides from nucleic acid; and (2) phosohomonoesterases hydro-

-formed phosohetes in the tissues of

higher verteorate animals was renortee by :OL1rne (19+h).

Elliott and Punter (1951), who imi'es ti;ated phosvhetase

(S-uueleotidase) in 2, f leii, dc:castrated the during he

.
4

Kamen and Spiegelman (19%8)e°.intamc that if "inorganic

phosphate" was stored in oranisrs, it was probablyerived

from the breakdown of organic oucsvuwt . hiller (19h?)

believed that the accumulation of Ca piesohete in iixed cells

was an ar tif(wet.





u

\
J
'
l
‘

iis strcly s;o"ec1 that the position

of preformed ohosphate ("inorganic phosphate”) in l. geleii

was in essentially the same position as the purple precisi-

tate which was obtainefi with sodium alpha-ncp1thyl acid.

d
“

phos)late substrate solution. lhis 31:: ('50

Vt.) s that if phosphate

'
3

storage occurred its location was in essertially th: sane

osition as enzymes hydrolyzin; organic onogvnate co pOllndS,

i.e., in the posterior end of the cells.

Other 0servations made in this study sugges t that only

Ca—cobalt piosonatase (glyceroohos hatase) was functional

Turthermore, Ca-cobalt reaction were inhibi

from citrate buffered (0.01M, pH 9.5) tryoto

and they were copletely suppressed when the concen ration

of citrate was increased from 0.0lI to 0.04K. 0n the other

hand, organisus fro: the 0.0%? citra'e-tryptone solutions

exhibited strong jositive reactions with the azo-dye tech-

nique. nepetitions of these tests auproxinately 384 hours

tryptone were oositive

teanique.

A discussion of the fuiction of phosahatases can be

established on the basis of presence or absence of enzyratic

activity in organisms fro: various culture solutions (tryp—

f1

tone, t yjtone—Igo 9, vitamin-—nriched tryptone). Fennell

.1.

and Karzke (1954) also founfl that svecimens of Totrahvrcna
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Coserrations eeseribel in the unseez-ao urges 11a-c ted
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the 1 ticall" oceur1m srvstr.tes existed in l. ClCiL.
—

anisns were culturea in tryptone—ICC q solution and then

were rashed with 0.0hh cit“ate buffer (on 5.1) for removal

of preformed fl)osvhates. Stron’ly positive whosunatase re-

act'ons were obtainec in the posterior region of cells after

.1.

resuspension in tryptone-HKSClP solution for tvo hours sub—

sequent to in ersion in cobalt nitrate and an oniun sulfide.

It .ight be erued that nositive reactions vlich vcre ob—

c
+

ained with this procedure .ere d pendent on diffusion of

preformed p1loSphates free the culture solution into the cell.

Other observations do not supjort tis vie110r-anis:is th3t

were we.shed in citrate aLd transferred to Gomori glycero-

phosp;a1 te solution exhibited the seile t"ae of reaction but

to a lesser d..gree.

It was shown in he preceding pages that Mpei ens of

2. Celeii e::hibited, after pro13nged culture in tryptone

solutions, an abundance of cytofilasnic vesicles. The Ca—

tive reactions in ves-clesH
.

cobalt procedure revesled that pos

were dependent on glyceroplosphatas- since preformed phos-

phates rere removed Lit} citrate buffer prior to the stain-

ing p1rOCCaure. The question arises as to the relationsi1ip

between aaosnpstsse-oositive vesicles and

positive a ees in th- posterior cad of the cells. The latterC
)

reaction was found to be lepenlent on both preformed phos—

phate and alkaline phosphatase. A co oarison of the r action
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that the heavy concelitration of preforned ehosnhate in the

posterior end of cells was dependent on alkaline phosgha—

It is still open to question as to usetner or not pre-

.qate is utilized by dividing cells. Observations

made in tais study lend support to this View. It was found

that preferred phosphates migrated from the posterior end of

the cell to a nerinuclear position and ultimately disappeared

entirely after transfer of organisms to free;
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ne results described in

for localization of glyceroehoisohcta in various culture

*1
r1

uLmedia are in general eereeuent witll thS e of ennell an

Iarzke (1954). The use of A—5_P as a substrate further in-

creased the validity of the evidence presented by these

authors as it was now possible to compare phosghatase acti-

vity in organisms from various culture media in two differ-

ent substrate solutions. The activity of 3-5—Pase, a though

mnerally lower, tended to p:rallcl that of glycero;h033ha-

tase. Decreased activity of n- _Pase night be cruleined on

the premise that CaClq when adeezl to the in uoation 1 Ciuii

acted as an nhibitor. heppol and hilnoe (1931) found this
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lyOphilized snal{e venom.They found that in the presence of

Mg312 the reaction for A-b_ Pase was inhibited by CaClZ, and

his inhibition could be overcome by the acddition of more

NgClQ. Kovikoff (1932) also observed that calcium ions strong—

ly inhibited the action of A—b-Pase. In these experiments

both HeClg and CaCl2 were present in the substrate mixture.

Assuming that the results obtained by trese workers are

correct, the conditions for A-S—Pase inhibition were satis—

fied in these experiments. The possibility that hydrogen ion

concentration was the controlling factor in lowered A-S-Pase

activity cannot be r111ed out since pEI values used in these

eXperiments were at optima for maximum enzymatic activity in

mammalian tissues, i.e., pH 8.3 (A—b-Pase) and pH 9.4 (gly-

cerOphOSphatase), Gomori (1952). Optizmuhydrogen ion con-

entration for enzynetic activity in Tetrahygena may differ

from that found in vertebrateissues.

The conditions causing erratic A_5-Pase reactions when

magnesium va added to the basic culture mediurn was not sat-

isfactorily explainM on the basis of Ca012 inhibition or

unfavorable pH Optima. It was evident that addition of mag-

nesiun ions to the basic culture medium tryptone) did not~4.)

‘
4
0

have the sane mtivating effect on A—5_Pase activity as t

did on glycerophosphatase activity, i.e., glycerOprosphitase

activity reached a h gher total level and was sustained for

a longer period of ti:::e than was A-7_P:se act1v1tv. These

results suggest, but do not demonstrete, that 130 2 is not
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co pounds to low ener5y co pounds was inhibited an 5rowth

rate of organis's was retarded. Kann (199%) shoved that in

the mold A's1er5illus :1i5er the type 0 5rovth ncdiun marked-

ly affected such thin5s as the rate oi ohosghatc utilization,

phosphate content, and growth, etc.

3. lnzvre inhiaition aLi substrate specificity (nUltiu le

1e utilization of inhibitor ubstances

Specific enzymes hydrolyzing multiple phosyhononoesterascs

in l. rfeleii. It is sisnificant to note that all eno,-es
s)

were aci and heat labile. Iaen“""1—D°Viese al. (1970
OHJ' _...___.

%72) andev"1n ct al. (1973 nede exhaustive studies on

phos.ha tase localiz1tion and reaction to inhibitors and

activators. On the basis of their findings, they concluded

)

e functional in mammal-"
3

that nu]tiplc 1n031neronoe° rases a

ian tissues. En;cl (l9k6, 1950) denonstratci that the alka—

line pnOSphatases of both the mammalian kidner and intestine

differed in their sensitiveness to KCE and HCl inhibition.

Fennell and Lerzke (19's), using only glycerOphOSphate as a

substrate and senicarbazide (0.023), sodium arsenate (0.01H),

and reduced an. oxidized 5 utathione (0.025H) as inhibitors,

were unable to reach a conclusion on the existence of several

enzyme systems in l. releii.

 

r—"~ ° w- 1 '. ?\

.LAAO 1.1.1411. 5.} tion or activation 0: phosphatase enzymesH
0

in 2. geleii was the princioal :et;od 1805 for making a

distinction between them. However, intensity of the enzymat-

ic reaction in specific substrates was also uti ized. In



the posterior ends of cells were Obtained wita .cll sai)tiat

alutions. The activation of ATPase by KCN (0.001h) was re-

:ortcd bv Stern et 5;. (l9bl). The ability of KC; (0.0lh) to

activate only ATPase in 2. scleii sup1orts the view that this

enzyne is a distinct entity. ATPase activity was easily do-

monstrated, i.e., preformed sheephates did not occlude en—

zynatic activity anc in many tests preformed phosphates were

lackin51ltogeher. On the basis of these observations, it

appeared that either the concentration of ATPase was nirn,

or Specific activators of anase existed in ietrahynena. Add-

itiono £5012 to the culture Hol-tion neither increased nor

d creased A”Pase activity. Daileey (1942) and Dulois g_(
D

(1943a, 1993b) found that calcium was a Specific activator of

‘hlS enzyme in mammalian tissues. Since CaC19 was adwed to

H
0

0
.
1

the substrate solution in these experiments, it s su55este

x
)

hat the Ca ion may have es crtilly the sane ctiV1tin

effect on the ATPase of Te raavncna. The presence of AEPase

in Tetrahvnena mav have in vivo si:011icance in that it re—
‘4_7 ‘1 h

 

leases nhosghate from nEP, a suosta1ce cont- inin5 hi5h energy

bones. Thus, ener5y is race available for netabolic needs.

It may also funC‘ion as an activator of the substrates in—

volved in glycolytic reactions. 13? has also been found to

be identical with or intinetelr bouni to nyosin, the con-

tra tile element in rannalian muscle (Dulois, 1993b). Its
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The ability 0? the phos Jho:enorstorses to rosiSt these

r reactions apparently was the reason for the Speci-

ficitr of the inl1ibitor--e1m"m reaction. Activetion of

'v seems to be the result of the activator

M.ter1al squJlin13 a needed metallic ion to t1-e enz:,711e.

.h

J.nescrele o .e of action of these inhioJitors,

the Specific inhibitory effect prteuced 03 then on certain
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sity are of slight or no use. Eovevcr, it was roune not

unless prOJer cent :15 ene bCCHHLOhCQ were maintained, the

use of inhibitors with the Ce-cobalt proceoure yieldeL c n-

flicting results.
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4. HJcleJr ensv“os. ine Speciiicity of the Gonori tech--

Ilique for den nstretion of nuclear JDOSJhetses has been

questiomxd by various intest istors; an ng then were Gomori0‘...

(1951), Lcduc anf Dempsey (1951), K8 ti“ and Jacoby (1949):

ane Zovikoif (1932). Tnese invcst1;o.tors believed that nuclei
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The lack of nuclear stainin in the ago-dye procedure

was pointed out by Go ori (1951) and Eovihoff (1952 . EKJeri-

.4. 1

flee"kU
)

(
Z
)

1
.
2
.

i d
-

f
1‘

1
.
1
.

m

‘
u

’
J

J (
D

*
1

F
“

U
]

i
f

L
.
)

O O

U

H (
a

d
-

(
D

r
;

e O (
D In nta.l ev:Lcc:Jco er '
\

. 1

nent Wltfl their observations in this respect. Artifactual

nuclear staining with the Ca—cobalt procedure, however, does

not rule out the usefulness of this technique. Critical cor-

oarisons of nuclear staining in cells incuoated in the
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etc. The ATP rea tions were darker than t ese obtaineJ in

these sues tra es, and ATP controls n ver exhiJitea nuclear
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of Gomori (195) were used throughout this study to demon—

strate a_lka ine p‘;ospha'as .

2. Seven plosyhononoesters WOT; used in these execri-

rents: sodium glyceropEOSphote, muscle ercrrli acid, yeast

adenylic acid, acenos ire triphosoaoric acid, glucose-l-pnos—

enate (potass iun salt), creatine 3h033hete (calciuu salt),

and sociiium al3..—:apithyl acid 9-033hete.
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(2) an lflteTflCLLQEG type oi piocloitate; and (3) laroe granu-

lar precipitates containing srall spherical vesicles. Tnese

could be produced experiuentally.

4. It was possible to demonstrate a number of phOS3ho—

nonoesterascs active ii the alkaline an" : :lycerOpnosona—

tase, AlPase, G—l—Pase, Cr—Pase, and A—j-Pase. variable

1 0

results "ere o:3 ,incd witi A—3—Pase. These enzyme 3».

forentiated Tron one azotlcr by their difierent

res3onses to activators and in

in he relative intensities of their reactions. Localisation
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PLATE I

Alkaline phOSphatase activity in specimens of T. geleii w.

Figures 1, 3, 5, and 6 stained for glycerophos hatase using

the Gomori Ca-cobalt technique; figures 2 and stained for

azo-dye phosphatase using the Gomori azo-dye technique. Mag-

nification X570. Micrometer scale insert: 1 space : 0.01 mm.

Fig. 1. 144-hour cells cultured in tryptone—MgC12

solution;

Fig. 2. 144—hour cells cultured in tryptone-Mg012

solution;

Fig. 3. 140-hour cells cultured in tryptone-Mg012

solution;

Fig. 4. 140-hour cells cultured in tryptone-Mg012

solution;

Fig. 5. 140—hour cells cultured in tryptone-Mg012

solution; and

Fig. 6. 144-hour cells cultured in tryptone-MgCl2

solution.
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PLATE II

Alkaline phosphatase activity in Specimens of T, geleii w.

Figures 7 8, and 9 stained for glycerOphosphatase, 10 and

.11 for A—5-Pase, using the Gomori Ca-cobalt technique; fig-

ure l2 stained for azo-dye phOSphatase using the Gomori

azo-dye technique. Magnification X570. Micrometer scale

inSert: 1 Space : 0.01 mm.

Fig. 7. 144-hour cells cultured in tryptone-MgCl2

solution;

Fig. 8. 792-hour cells cultured in tryptone sol-

ution;

Fig. 9. 144—hour cells subcultured in tryptone

solution for approximately six months;

Fig. 10. 288-hour cells cultured in tryptone sol-

ution;

Fig. 11. 216-hour cells cultured in tryptone-MgC12

solution; and

Fig. 12. 264uhour cells cultured in vitamin-en-

riched tryptone solution.



 



PLATE III

Alkaline phosphatase activity in specimens of T. geleii w.

Figure 13 stained for azo-dye phOSphatase using the Gomori

azo—dye technique; figures 14 and 19 stained for ATPase;

l5, G—l-Pase; l6, Cr-Pase; 17 and 18, glycerOphOSphatase,

using the Gomori Ca—cobalt technique. Magnification X570.

Micrometer scale insert: 1 Space : 0.01 mm.

Fig. 13.

Fig. 14.

Fig. 15.

Fig. 16.

Fig. 17.

Fig. 18.

Fig. 19.

144—hour cells cultured in tryptone—

citrate solution with added MgCl2;

72-hour cells cultured in tryptone sol—

ution;

432—hour cells cultured in tryptone sol-

ution;

216-hour cells cultured in tryptone sol-

ution;

144—hour cells cultured in tryptone-

citrate solution with added MgClZ;

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 MgC12.
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