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      AND THE EFFECT OF ACTH ON THE ACID
             AND NEUTRAL GLYCOSIDASES
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                          (Received July 31, 1992)

 The specific high activity of neutral a-mannosidase (EC 3.2.1.24) was present in the

cytosol fraction of human leukocytes. It is not bound by concanavalin A-Sepharose, has a

pH optimum of 6.0, more neutral than that of the acid lysosomal a-mannosidase, and

protected and activated by divalent cations of Mn2'. Cupric and zinc ions were strongly

inhibitory. The neutral a-mannosidase was unaffected by ACTH therapy in infants with

infantile spasms, while the acid a-mannosidase and acid B-galactosidase were suppressed

by ACTH.

              Introduction

  a-D-mannosidase (EC 3.2.1.24) is widely dis-

tributed in nature. Three types of or-mannosidase

with different subcellular localization have been

identified in mammalian tissues. One is the acid

a-mannosidase which is localized in the lyso-

somome and has an acidic pH optimum of 4.3-4.6.

Its genetic deficiency causes mannosidoses in

humansi}2} and in Angus cattle3)4). A cytosol-

localized hepatic or-mannosidase has a pH op-

timum of 6.0-6.55)6) and has been purified to

homogeneity7). The third type of a-mannosidase

has been purified from a hepatic Golgi membrane

fraction8)9). It has an intermediate pH optimum of

5.6. A similar enzyme has also been described in

human serum or plasmaiO)ii). Of the three, the

cytosolic a-mannosidase with the highest pH

optimum was not bound by Concanavalin A-
Sepharose 4B column, while the other two types

Abbreviations used;

adrenocorticotrophin,

umbelliferone

ConA: Concanavallin A, ACTH:
T4: thyroxine, 4 MU: 4 methyl-

were boundi2}.

 The presence of the three types of a-man-

nosidase can be a source of confusion in termino-

logy of the "neutral" a-mannosidase unless clear-

ly defined. In this report we will define the term,

"neutral a-mannosidase" to mean any cr-manno-

sidase which is not the lysosomal acid cr-manno-

sidase and not bound by Concanavalin A-Sepha-

rose 4B column. Very little is known about

"neutral" a-mannosidase in leukocytes at present,

and the above definition may be useful in minim-

izing a confusion at least until', more detailed

characterization is achieved.

 We have started a systematic exploration of

neutral glycosidases and have published some

characterizations of the neutral B-N-acetylhexo-

saminidases in rat braini3)i4). A variety of hor-

mones including thyroxinei5Ni8) and･cortisonei6)i8)

have been found to influence on lysosomal enzyme

activity in rat liver. Little is known of the sen-

sitivity of these enzymes to hormonal effects

during infancy, and of the difference between acid

and neutral glycosidases. The present communi-
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cation describes evidence for the presence of the

neutral or-mannosidase in human leukocytes and

the differential effects of ACTH on acid and

neutral glycosidases.

         Materials and Methods

  Materials: For basic characterization of en-

zymes, blood of normal adult volunteers -of both

sexes were used. When the effects of ACTH were

examined, infants with infantile spasms who

were treated with ACTH were used. Blood of

patients was taken with the permission of in-

formed parents. Blood samples were collected

between O:30 p.m. and 3:OO p.m.

  Preparation of enzyme sources; Isolation of

leukocytes from peripheral biood was prepared in

principle according to Snyder et al. with 6%

dextran in O.996 salinei9). For evaluation of the

effects of ACTH, leukocytes were homogeni2ed in

appropriate volume (2 ml/6-8 ml blood) of 10 mM

phosphate buffer, pH 8.0, containing 15 mM 2-

mercaptoethanol, in a hand operated Teflon-

Piston homogenizer (Tokyo Garasu Kikai Co,

Tokyo). The homogenate was sonicated mildly

with Sonifier B-12 (Branson Sonic Power Co,

Dangury, CT, USA) before enzyme assay. The

whole procedure was carried out at 40C unless

described.

  Concanavalin A-Sepharose 4B chromato-
graphy: The total bed volume of Concanavalin

A-Sepharose 4B was adjusted to approximately 1

ml for 6--8 ml of peripheral blood. The column size

was usually 1.0 × 1.3 cm. Leukocytes were
homogenized in appropriate volume of 10 mM tris-

HCI buffer, pH 8.0, containing 15 mM 2-mercap-

toethanol, O.5 M NaCl, 1 mM MnC12 and 1 mM

CaC12. This buffer was used only in this column

study to facilitate the binding by Concanavalin

A-Sepharose 4B. The column was prewashed with

3 bed volumes of the buffer. The 11,OOO g for 20

minutes supernate was applied to the column.

The unbound fraction was collected together with

2 bed volumes of washings applied after the

sample. The neutral glycosidases were recovered

in this fraction while the acid glycosidases were

bound to the column.

  Subcellular fractionation: When subcellular

distribution of the enzymes was tested, leukocytic

subcellular fractions were prepared in principle

according to DeRobertis et a120}. Leukocytes were

homogenized in appropriate volume (2.5 ml/50 ml

blood) of ice-cold of O.32 M sucrose jn a Teflon-

Piston homogenizer. The homogenate was first

centrifuged at 900 g for 10 min. The pellet was

resuspended and re-centrifuged twice and the

final pellet was designated as the nuclear-cell

debris fraction. The combined supernate was

centrifuged at 11,OOO g for 20 min. The pellet was

washed twice to yield the crude mitochondrial

fraction. The combined 11,OOO g supernates were

centrifuged at 105,OOO g for 60 min. This proce-

dure gave to the microsomal (pellet) and cytosol

(supernate) fractions. The particulate'fractions

were then subjected to the procedures described

above for leukocyte homogenate to obtained the

enzyme source for subsequent studies.

  ACTH admininstation and endocrine
studies: The patients were 8 cases who were

treated with ACTH for the control of infantile

spasms at the Department of Pediatrics, Tokyo

Women's Medical College Hospital, during the

period between June 1982 and January 1983. The

･patients,were all diagnosed as having infantile

spasms. The age of onset ranged from 2 to 18

months of age. The age at commencement.of

treatment was between 4 and 20 months of age.

The ACTH therapy was performed according to

the protocol which consists from ,an 8 weeks

course with gradual tapering method as described

before2i). It could be modified as to dosage and

duration when side effects were severe. The

dosage of ACTH (tetracosactide acetate-Zn, Corr

trosyn-Z@, Daiichi Seiyaku Co. Tokyo; Organon

NV, The Netherlands) was 12.5 or 25.0 ptg per kg

body weight per shot, and it was injected intra-

muscularly. One mg of tetracosactide acetate

corresponds to 40 IU natural ACTH.

  The serum !evels of cortisol and thyroxine (T4)

were determined by radjoimmunoassay proce-

dure; cortisol was assayed with a Gamma Coat
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['25I] Cortisol Kit Uapan Travenol Co, Tokyo), and

T4 was assayed with a Konsul T4 RIA Kit (Daiichi

RI Research Lab, Tokyo). For this assay, blood

samples were collected between 7:30 am and 8:30

am before breaktast.

  Enzyme.assay: The substrates, 4-methyl-'
umbelliferyl cr-mannopyranoside and other glyco-

sides, were kept frozen as a 4 mM suspension in 10

mM sodium citrate-20 mM phosphate buffer, pH

4.0. The reaction mixture consisted of O.1 ml of

appropriately diluted enzyme source, O.1 ml of the

substrate suspension, O.1 ml of O.1 M sodium

citrate-O.2 M phosphate buffer of appropriate pH,

and O.1 ml of water, or a solution of metal ions of

an appropriate concentration. During early phases

of this study, it was noted that neutral a-man-

nosidases were very unstable and rapidly lost its

activity during storage or experimental manipula-

tion. When studied the effects of ACTH, the

activity of neutral or-mannosidase was assayed

with the addition of 1 mM Mn2' to protect and

stimulate this enzyme. After incubation for 20

min at 370C with gentle shaking, the reaction was

stopped by the addition of 2 ml of O.2 M sodium

glycine buffer, pH 10.7 and the liberated 4-methyl-

umbelliferone was determined in a Hitachi 203

fluorescence spectrophotometer. The proteiri con-

tent of the enzyme source was determined by the

Bio-Rad dye-binding protein assay kit.

  Commercial materials: The following com-

mercial materials were purchased from the in-

dicated sources. All fluorogenic enzyme substrates

(Koch-Light Lab, Colnbrook Berks, England);

Concanavalin A-Sepharose 4B (Pharmacia Fine

Chemicals, Pharmacia-Japan, Tokyo); Bio-Rad

protein assay kit (Bio-Rad Laboratories, Rich-

mond, CA, USA).

                 Results

  Whole homogenate of leukocytes yielded a

bimodal pH curve when it was assayed for man-

nosidase activities in the absence of any additional

divalent ions or EDTA (Fig. 1). The 11,OOO g super-

nate also gave a bimodal pH curve. This acidic

activity at pH below 5 was then completely
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Fig. 1 ConA-Sepharose column chromatography and

 effects of pH on human leukocytes or-mannosidase

 activity

 Assays were carried out a$ described in the text. No

 exogenous divalent ions were added to the assay mixture.

 e" whole homogenate, A-A 11,OOO g for 20 min
 supernate, >(-X ConA-Sepharose unbound fraction.

eliminated in the ConA-unbound fraction. The cr-

mannosidase with the pH optimum of 4.0 could be

extracted into the 11,OOO g supernate at approx-

imately 55.4% recovery when leukocytes were

homogenized in 10 mM Tris-HCI buffer, pH 8.0,

containing O.5 M NaCl. The acid ecmannosidase

thus solubilized was almost completely bound to

the ConA-Sepharose column. The neutral a-man-

nosidase with the pH optimum of 6.0 could be

solubilized into the 11,OOO g supernate at ap-

proximately 75.4% recovery, and recovered at

approximately 57.2% in ConA-unbound fraction

(Table 1). Thus, the Concanavalin A-Sapharose

column provided an effective means of separating

the acidic and neutral a-mannosidases from each

other.

  To detect the other neutral glycosidases in

leukocytes, the activities at pH 6.0 were assayed

in ConA-unbound fraction (Table 2). The neutral

a-manno'sidase has specifically high activity com-

pared with other neutral glycosidases in leuko-

cytes. The neutral B-N-acetylglucosaminidase was

also noticed and has a pH optimum at 5.5.

  Effects of divalent cations on a-mannosidases:

Of the divalent cations tested, manganese and
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Table 1 ConA-Sepharose column chromatography and recovery o f human leukocytes a-mannosidase activitye

Acid Neutral
Fraction

Protein
(mg)

Specificactivityb Recovery% Specificactivity Recovery%o

Wholehornogenate

11,OOOsupernate

ConA-unboundfraction

12.0

7.8

6.3

44.0

37.5

o

loe

55.7

o

43.5

50.5

47.4

IOO

75,4

57.2

(n =4)c

a

b

c

a-mannosidases in leukocytes from 20 ml peripheral blood

Specific activity ; n moleslmg protein/hr

n; the number of experiments

Table 2 The activity of neutral glycosidases

 fractiona

in ConA-unbound

1.

2.

3.

4.

5.

6.

7.

8.

9.

4MU- a-mannosidase

6-N-acetylglucosaminidase

fi-N-acetylgalactasaminidase

fi-galactosidase

6-glucosidase

P-glucuronidase

a-fucosjdase

a-galactosidase

ev-g!ucosidase

47 4 n moleslmg proteinfhr

16 O

 09
o

 O.2

e

 4.2

o

 4.2

(n=:3)b

a

b

ConA-unbound fraction in leukocytes

n;the number of experiments

cobalt ions stimulated the activity of leukocytic

neutral a-mannosidases' in ConA-unbound frac-

tion (Fig. 2). Cupric and zinc ions were strongly

inhibitory. On the other hand, zinc ions stimu-

lated the activity of acid a-mannosidase in whole

homogenate at pH 4.0. Manganese and cobalt ions

were largely without effect to the acid a-manno-

sidase (Fig. 2).

  Subcellular distribution: subcellular fractiona-

tion was carried out in the standard procedure in

O.32 M sucrose without any cation. A much

greater nuclear cell debris fraction was consis-

tently obtained in leukocytes, even if homQgenized

more extensively. 27.9% recovery and higher rela-

tive specific activity of acid a-mannosidase activ-

ity was in the crude mitochondrial fraction, as

expected. In contrast, 27.6% of the neutral cr-

mannosidase activity was recovered in the cytosol

fraction with the highest relative specific activity

(Table 3).
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Fig. 2 Metal effects on acid and neutral a-mannosidase

 in leukocytes

 Activities were assayed with the whole homogenate, at

 pH 4.0, as the acid enzyme source, and assayed with the

 ConA-unbound fraction as the neutral enzyme source

 with additional divalent ions in chloride form.as indi-

 cated. The results are expressed as percent of the activity

 determined without any additions: - acid enzyme, ----

 neutral enzyme, -0- ----e--- Mn2', -- -----･--- Co2+,

 -A- ･-･-A---- Cu2', -X- ---><!-- Zn2'.
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Table 3 Subcellular fractions of acid and neutral a-Mannosidases in leukocytes n =3

Acid Neutral

Fraction
Protein
(%) Specific

activitya RSAb recovery% Specific
activitya RSAb recovery%

Wholehomogenate
Nuclearcelldebris

Mitochondria

Microsome
Cytosol

100

50.4

18,2

5.3

23.3

62.1

61,8

95.8

22.3

23.9

1,O

O.99

1.53

O.36

O,39

100

50.1

27.9

L9
9.0

37.9

22.7

25.3

21.5

44.7

1.0

O,60

O.66

O.57

1.18

100

30.2

12.1

3.0

27.6

n : the number of experiments

Specific activitya : nmoles/mg protein/hr

RSAb : Relative specific activity ; % of recovered activity/% of recovered protein

  Mitochondria fraction showed a single pH curve

with a pH optimum at 3.5 (Fig. 3). Cytosol fraction

has a large pH optimum curve at 5.5 (Fig. 3).

Although the initial cytosol fraction yielded oniy

27.6% of the neutral a-mannosidase, it was ap-

proximately 65% of the recovered activities except

nuclear cell debris. Therefore, the concanavalinA-

unbound neutral a-mannosidase of leukocytes

appears to be primarily localized in the cytosol

fraction.

  The serum levels of cortisol and thyroxine

during ACTH therapy was described in Fig. 4.

The serum cortisol levels increased rapidly with
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Fig. 3 Subcellular fractions and their pH reaction of a-

 mannosidases
 Assays were carried out as described in the text. No

 exQgenous divalent ions were added to the assay mixture:

 e--e whole homogenate, O----O nuclear cell debris frac-

 tion, O- mitochondria fraction, A-A microsome frac-

 tion, X-X cytosol fraction.

the successive daily administration of ACTH and

reached the maximum on the 11th day of ACTH

therapy. At the end of the 2nd week, it began to

decrease slightly in spite of daily administration.

A high level (approximate 80 ptg/100 ml) of serum

cortisol, however, still persisted until the twice a

week administration at the end of the 6th week

(Fig. 4). On the other hand, serum T4 levels

rapidly decreased in contrast to the serum cortisol

levels. The lowest level T4 was noticed on the 1lth
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Fig. 4 Serum T4 and cortisol leveis during ACTH

 therapy
 Assays were carried out as described in the text. Values

 correspond to mean values whe'reas one standard devia-

 tion of the mean is indicated by the thin line. O-O T4,

 X-X cortisol.
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day of the therapy when the serum cortisol levels

reached the maximum. The serum T4 values of

five cases in this study were as a low level as often

found in patients with clinical hypothyroidism,

below 5 ptg/100 ml, during ACTH therapy (Fig. 4).

The relation between the clinical response to

ACTH and the endocrine changes was described

in more detail in other2i).

  When enzymes preparations were assaYed
without any divalent cation on acid glycosidases

and assayed with additional 1 mM Mn2' on neu-

tral a-mannosidase, both activities of the acid B-

galactosidase and the acid or-mannosidase dropped

during ACTH therapy. On the other hand, both

activities of the acid B-N-acetylgalactosaminidase

and the neutral a-mannosidase remained at the

same level or dropped to the level slightly lower

than those of the above two enzymes (Fig. 5).

When neutral a-mannosidase of the two cases

were assayed in ConA-unbound fraction, the neu-
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Fig. 5 Glycosidase activities in leUkocytes during ACTH

 therapy
 Specjfic activities of acid B-N-acetylgalactosa･minidase

 (pH 3.5, X-X), acid B-galactosidase (pH 4.0, e-), acid

 a-mannosidase (pH 4.0, A-A) and neutral or-manno-

 sidase (pH 6.0, assayed with 1 mM Mn2+ A-A) were

 assayed as described in the text. Values correspond to

 mean values whereas half standard deviation of the mean

 is indicated by the thin line.

tral enzyme remained at same activities in spite of

the suppression of the acjd a-Mannosidase.

               Discussion

  The results of this initial phase of our studies

on leukocytic neutral glycosidases demonstrated

specitically high activity of neutral or-manno-

sidase. The neutral or-mannosidase is primarily

localized in the cytosol, do not bind to concana-

valinA, has a pH optimum more neutral than that

of the acid lysosomal a-mannosidase, protected

and activated by some divalent cations; by the

manganese and cobait ions in tested. Cupric and

zinc ions are strongly inhibitory and ACTH has

not any effect. Hepatic neutral a-mannosidase

have been studied in some detail in several labora-

tories. Divalent ions, such as Mn2', Co2', stabilize

the hepatic enzyme and cause a small shift in the

pH optimum5}8)22). The hepatic neutral a-manno-

sidase appears to be involved in the processing

steps of glycoprotein biosynthesis7). The leukocy-

tic enzyme may conceivably function in similar

manner.
  Horowitz et al and Oberkotter et al described

age-related differences in reactivity of acid lyso-

somal glycosidases in rat liver and kidney to

thyroxine and cortisonei6}i8)23). A common re-

sponse pattern was found that crotisone decreased

and thyroxine increased enzyme activity. The

ACTH therapy increased cortisol and decrease

thyroxine in our study2i). Our present data was

almost consistent with their findingsi6)i8>23) but

the acid lysosomal B-N-acetylgalactosaminidase

was unaffected. This difference could conceivably

be due to the difference of species, tissues and/or

involved.

  Corticosteroids have been used in various

diseases; when used in leukemia, it acts as cell-

lysis. Thus, corticosteroids and thyroid hormones

regulate proteolysis and some lysosomal enzyme

activities in leukocytes.

  The reason why neutral a-mannosidase is un-

affected by ACTH therapy is little known at the

present time. The ultimate goal of these studies is

to understand the physiological function of neu-
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tral glycosidases. Further studies are in progress

to elucidate these problems.

References

 1) Ockerman P-A: A generalized storage disorder resem-

   bling Hurler's syndrome. Lancet II: 239-241, 1967

2) Ockerman P-A: Mannosidosis; Isolation of oligosac-

   charide storage material from brain. J Pediatr 75:

   360-365, 1969

3) Whitten JH, Walker D: "Neuropathy" and ``pseudo-
   lipidosis" in Aberdeen-Angus calves. J Pathol Bacteriol

   74: 281-288, 1957. '
4) Hocking JD, Jolly RD, Batt RD: Deficiency of a-

   mannosidase in Angus cattle. Biochem J 128: 69-78,

   1972
5) Marsh CA, Gourlay GC: Evidence for a non-lysosomal

   or-mannosidase in rat liver homogenates. Biochem
   Biopshy Acta 235: 142-148, 1971

6) Suzuki･I, Kushida H: Studies on mammalian glyco-
   sidases. V. Effects of metal ions upon acidic and neutrai

   cr-glucosidases, B-ga}actosidases, and a-mannosidases in

   liver extract of rabbit. J Biochem 74: 627-629, 1973

7) Shup VA, Touster O: Purification and characteriza-

   tion of the a-D-mannosidases of rat liver cytosol.J Biol

   Chem 251: 3845-3852, 1976

8) Dewald B, Touster O, Coleman V: A new a-
   mannosidase occuring in Golgi membranes.J Biol Chem

   218: 7223-7233, 1973

9) Tulsiani DRO, Opheim DJ, Touster O: Purification

   and characterization of a-D-mannosidase from rat liver

   Golgi membranes. J Biol Chem 252: 3227-3233, 1971

10) Masson PK, Lundblad A, Autio S: Mannosidasis:
   Detection of the disease and heterozygotes serum and

   leukocytes. Biochim Biophys Res Commun 56: 296-303,

   1974
11) Hirani S, Winchester B: The multiple forms of a-

   Tpannosidase in human plasma. Biochem J 179:
   583-592, 1979

12) Opheim DJ, TousterO: Lysosomal a-mannosidase of
   rat liver. Purification and comparison with the Golgi

   and cytosolic a-D-rnannosidases. J Biol Chem 253:

   1017-1023, 1978
13) Izumi T, Suzuki K: Neutral hydrolases of rat brain.

   Preliminary characterization and developmental
   changes of neutral B-N-acetyhexosaminidases. Biochim

   Biophys Acta 615: 401-413, 1980

14) Izumi T, Suzuki, K: Neutral B-N-acetylhexosamini-

   dases of rat brain: Purification and enzymatic and

   immunological characterization. J Biol Chem 258:

   6991-6999, 1983

15) DeMartino GN, Goldberg AL: Thyroid hormones
   control lysosomal enzyme activities in liver and skeletal

   rnuscle. Proc Natl Acad Sci USA 75: 1369-1373, 1978

16) Horowitz C, Comer S, Lau G et al: Effect of
   cortisone and thyroxine on acid B-glycosidases in the

   liver and kidney of suckling and adults rat. Horm Metab

   Res 10: 531-538, 1978

17) Coates RM, Lau G, Krulich L et al: Increase in liver

   acid lipase of thyroidetomized rats by thyroid hormones

   and its inhibition by actinomycin D. Biochim Biophys

   Acta 584: 358-362, 1979

18) Oberkotter LV, Kern R, Koldovsky O: Effects of
   cortisone and thyroxine on suckling rat liver N-acetyl-B-

   glucosaminidase isozymes. Cornparison with adult
   reactivity. Biochim Biophys Acta 630: 279-286, 1980

19) Snyder RA, Brady RO: The use of white cells as a

   source of diagnostic material for lipid storage diseases.

   Clin Chim Acta 25: 331-338, 1969

20) DeRobertis E, Delraldi AP, DeLores Arnaiz GR
   et al: Cholinergic and non-cholinergic nerve endings in

   rat brain-1. Isolation and subcellular distribution of

   acetylcholine and acetylcholine esterase. J Neurochem

   9: 23-25, 1962

21) Izumi T, Fukuyama Y: Influence of ACTH on serum
   hormone content and its anticonvulsant action towards

   infantile spasms. Life Sci 34: 1023-1028, 1984

22) Poenaru L, Dreyfus J-C: Electophoretic heterQge-

   neity of human a-mannosidase. Biochim Biophys Acta

   303: 171-174, 1973

23) Horowitz C, Lau HC, Jumawan J et al: Prenatal
   development of acid B-glycosidases in the rat liver,

   effect of triiodothyronine or cortisone administered to

   pregnant rats. Horm Metab Res 10: 425-428, 1978

- 1099 -



42

人白血球グリコシダーゼ：中性α・マンノシダーゼの存在確認と，酸性および

　　　　　　　中性α・グリコシダーゼに対するACTHの影響

東京女子医科大学小児科学教室（主任：福山幸夫教授）

イズミ　　タツロウ

泉　　達郎・ノボ　マリア
フクヤマ　　ユキ　オ

福山　幸夫

デ　ルルデス　ペレス・

　中性α一マソノシダーゼ（EC3，2，1，24）が人白血球の原形質分画に高濃：度活性で存在しているこ

とを確認した．この酵素はコンカナバリンA一セファロースに結合せず，至適pHは6．0で，酸性リソ

ゾームα・マンノシダーゼよりもより中性側にあり，Mu2＋とCo2＋の2価陽イオンで活性は保護され，

活性化された．銅と亜鉛は強力に抑制性に作用した．この中性α・マンノシダーゼ活性は点頭てんかん

患児に対するACTH療法では変化しなかったが，酸性α一マンノシダーゼや酸性β一ガラクトシダーゼ

はACTHにて抑制された．
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