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Table l. Enzymatic Properities of Mitochondrial Fraction

‘ Cytochrome Oxidase
Protein(%) S.4, T.4.(%)

Homogenate 100 0.179 (1.00) 100
Mltochondria 13.1 0.615 (3.50) 37
Glucose-6-~Fhosphatase Acid Phosphatase
S.4. , T.A.(%) S.A. T.A.(%)

8.30x1075(1.00) 100 2.87x10” (1 00) 100
7.65x107°(0.09)  I.4uk 3.50x107%(1.22) 19

S.A.zspecific activity, T.A.=total activity
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Photo.l.Electron Micrograph of Mitochendrial
Fraction. Magnification,X1G,000
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Table 2,Carhohydrate composition of mitochon-
dria from rat liver, Values are expressed as pmeles
per g protein.

Fucose . 0.4
Galactose 8.0
Glucose 21.8
. Mannose . 14.5
Ribose 12.5
Glucosamine 8.5
Galactosamine » 2.2
Sialic acid ‘ 4.1
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Fig. 1. Fractionation of the pronase digest of mitochondrial proteins on
Sephadex §-25. The pronase digest of mitachondricl proteins (2.9 g) was
applied te 3 column of Sephadex G-25 {2.0x%0em) cquilibrated with 0.05 M
pyridine-acetic acid buffer, pH 5.0, Elution was carzicd ont with the same
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Fig. 2, Fractionsation of G-25-1 on Sephadex G-50. G-25-1, after concentra-
tion, was nppiied {o a of Sephadex G-50 (2.1x108 cm) equilibrated
with 0.05 M pyridine-acetic acid buffer, pH 50. Elution was carried out
with the same buffer, The flow rale was 15 ml per hr, and 5.0-m! fractions
were d. Aliquots were used for the orcinel-H,50, reaction, ninhydrin
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buffer. The flow tate was 20 ml per hr, and’5.0 mi fractiony were 1
Aliquots were used for the orcinol-H,S0, and alnhydrin reactions.

reactiop, and sialic acid determination,
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Fig. 3. Fractionation of glycopeptides (G-50-1I and -III) from mitochondria
on DEAE-Sephadex A-25. A combined fraction of G-50-II and -III amounting
to 6.2 mg mannose equivalent was dissolved in 3 ml of 0.02 M pyridine-
0.01 M acetic acid buffer, pH 5.2, and applied to a column of DEAE-Sephadex
A-25 (09%17 cm) equilibrated with the same buffer, Elution was carried
cut Initially with the same buffer, then with a linear pradient from the
sanre buffer to 1.5 M pyridine-0.75 M acetic acid buffer, pH 5.2, The flow
rate was 7 ml per hr and 1.55 ml fractions were collected, Aliquots were
used for the orcinol-H;SO, reaction and slalic acid determination,
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Table 5, Amina acid and carbohydrate compositions of glycopeptides isclated from mitechondria of rat
liver. Values are expressed as moles per mole of aspartic acid. Molar distribution values are expressed
as molar percentages of total glycopeptides, assuming that each glycopeptide contains one mole of aspartic
acid per mole. '

GP-1 GP-1I GP-1I - GP-1V GP-V
Aspartic acid 1.00 1.00 1.00 1.00 " 1,00
Threonine 0.30 - 0.40 - 0.65 0.68 0.57
Serine 0.38 - 0.54 0.61 0.48 0,49
Glutamic acid 0.16 0,50 0.66 114 1. 46
Proline 0.44 0.34 . L3 . - 0.75 0.97
Glycine . 0.23 0.33 0,54 0.42 0.64
Alanine : 0.13 0.15 0.53 . 0.33 0.38
Glucosamine 1.65 1.90 2,28 2.13 - 0,61
AMannose ‘ 3.16 3.81 . 1.56 145 0. 50
Galactose — 0.68 " 0.66 1.06 0.36
Glucose 0,92 0, 58 0.12 0.10 0,11
Fucose 0.18 ~0.23 0,17 0,12 0.05
Sialic acid ~0.03 0. 45 1.23 1.59 0.5¢
Molar distribution (55) 24.4 7.6 15.6 - 15.6 36.8
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‘Table 4,

Protein, cytochrome oxidase, malate dehydrogenase and kynurenine-3-mono-
oxygenase of mitochondrial subfractions from rat liver

Fraction . Protein Cytochrome Malate  Kynurenine-3-mono -

oxidase dehydro- oxygenase
genase
(%) U*/mg (%)  Ulmg (%) mU/mg (%)

protein protein protein
Whole mito- . : ’
chondtia 100 0.96 100 -~ 1.41 100 2.7 100
M 6.9 1.25 5.0 0.77 3.0 21.0 54.7
IMS 22,1 0.05 1.0 0.56 124 0.5 4.9
IM 326 2.45 82.5 0.62 14.5 1.3 174
MAT 384 0.19 1.5 2.63 70.0 1.6 229

* One unit of activity is the amount of enzyme which will catalyze the change of one
umole of substrate per min.
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Table 5,
Carbohydrate compositions of mitochondria and submitochondrinl fractions

Fraction Glucosamine Galactosamine Sialic acid Mannose Gulactose
Whole mito- ,
chondria 3.66* (100 )}** 0.68 (100 ) 140 (100 ). 4,35 (100 ) 1.71 (100 )
OM 9.22 ( 17.0) 228 ( 23.4) - 440 ( 22.7) 9.16 ( 15.1) 3.80( 17.3)
IMS . 10.5 { 65.2) 1.32 ( 50.3) 340( §7.0) 12.7 ( 69.6) 4.13 ( 63.1)
M 1.69 ( 13.0) 0.55°( 23.5) 0.80 ( 17.10 . 1.88 { 12.8) 0.88 ( 16.8)
MAT 042 ( 4.8) 0.04 ( 2.8) 008 ( 1.2) 025 ( 2.5) 0.10( 2.8)
“* ymoles/g protein; .
+* 9 distribution Fucose Glucose

0.45 (100 ) £.31 (100 )

0.80( 13.5) | 10,8 ( 43,8)

1.20 ( 68.8) 3.28 { 44.6)

0.22(153) - 040( 6.7)

0.02( 2.4 0.19( 4.8}
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Table 6.Agglutination of Mitochondria by Coﬁcanavalin A
and Ricinus communis agglutinin

agglutination of mitochondria
at serial dilutions of aggluiinin

medium 1 2 L 8
© 0.28M Lactose
+y 43 42+l
Concanavalin A 10mM HEPES(pH7.5)
0.28M Sucrose _ _ _ -
10mM HEPES(pH?7.5)
0.28M Lactose _ - - _
Ricinus commu- 10mM HEPES(pH7.5)
pis agglutinin 5 5oy syerose
10mM HEPES(pH7.5) tho 3 w2
Starting concentration of agglutinins; Concanavalin A = 1.0 mg/ml
Ricinus g.a. = 2.5 mg/ml

Concentration of mitochondria = 3.5 mg protein/ml
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Fig. L. Incorporation of D-
Hexosamine and Siglic Acid o

Microsomal Glycoproteins

D-Glucosamine-1-"C (3 pCi) was administere

peritoneally to each rat.
D-Glucosamine-1-*C, each rat was k

Glucosamine~-1-"C into
f Mitochondrial and
d intra-

After adminstration of
illed at the

indicated times,and mitochondria and microgomea

were prepared from liver.
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Fig. 5. Incorporation of D-Glucosamine-1-"C into
Hexosamine and Sialic Acid of Submitochondrlal
Glycoproteins

D-Glucosamine-1- g (3 pCl) was admlnlstered

intraperitoneally to each rat, After adminstration
of D-Glucosamine~1l- C each rat was killed at the
indicated times,and submitochondrial fractlons
were prepared from liver mitochondria.
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Fig.6. Effect of Chondroitinase ABC on the Mitochondrial
Uptake of Ca?t

Mitochondria(5 mg protein) and CHase ABC(l unit) were.
incubated for 15 min at 30°C in 0.2 ml of a medium composed
of 0.21 M mannitol, 0.07 M sucrose and 2 mM HEPFS,pH 8.0,
Afetr incubation, the mitochondrialrespiration was measured
polarographically. )
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Pig, 7. Effect of Chondroitinase ABC on the Outer
Membrane-free Mitochondrial Uptake of Ca™

Outer membrane-free mitochondria(prepared from 7

mg protein intact mitochondria) and.CHase ABC(

1 unit) were incubated for 15 min at 30°C in

0.2 ml of a medium composed of 0.21 M mannitol,

0.07 M sucrose and 2 mM HEPES, pH 8.0. After

incubation, the outer membrane-free mitochondrial

respiration was measured polarographically.
S
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Fig.8, Effect of Chondroitinase ABC or AC on the
Tryptic Sensitivity of the Outer Membrane Enzymes

Mitochondria(2 mg protein) and CHase ABC or AC

(0.2 unit) were incubated for 20 min. at 25°C in

0.4 ml of a medium composed of 0.21 M mannitol, 0.07
M sucrose and 10 mM HEPES, pH 7.5. After incubation,
varying amounts of trypsin in 0.1 ml of the medium
were added, and incubatlon was continued for another
10 min. Ihcubation was stopped by the addition of 32
pg of trypsin inhibitor in 0.4 ml of the medium,
Aliquots of the incubation mixture were used for the

enzyme assays. p——20 without CHase
S v—s with CHase ABC
x—x with CHase AC
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Fig. 9. Effect of-Exogenous Chondroitin Sulfates on
the Action of Chondroitinase Affeting the Tryptic
Sensitivity of Reductase -

Mitochondria(2 mg protein), CHase ABC(O.2 unit) and

the chondroitin sulfates A, B or C{(2.5 mg) were incu-
bated for 20 min at 25°C in 0.4 ml of the medium used
in Fig. 8., After incubation, varying amounts of trypsin
in 0,1 ml of the mediuilm were added, and incubation

was continued for another 10 min,. Incubation was st-
opped by the additicn of 32 pg of trypsin inhibitor

in 0.4 ml of the medium. Aliquots of the incubation
mixture were used for the Reductase assay.
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Fig. 10. Effect of Exogencus Chondroitin Sulfates

~ on the Tryptic Sensitivity of Reductase of Mitochon-

dria Digested with Chondroitinase ABC

Mitochondria(2 mg protein), Chase ABC(0.2 unit) were
incubated for 20 min at 25°C in 0.3 ml the medium used
in Fig. 8. Afetr incubation, the chondreitin sulfates

4 or C and varying amounts of trypsin in 0.2 ml of the
medium were added, and incubation was continued for
another 10 min. Incubation was stopped by the addition
of 322 pg of trypsin inhibitor in O.4 ml of the medium.
Aliquots of the incubation mlxture were used for the
Reductase assay. _
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Table 7 )
Agglutination Titer of Antimannan Serum
and its Subfraction

Titer
Serum X 256
Crude ¥ Globulin fraction X 256,
(172 sat,( NH,).S0, precipitate)
Ig M fraction X1
Ig A fraction ; X1>
Ig G fraction X128
1) Titer was delermined by using 2% living yeast suspension
in saline, . .
L
o)
0/ \0
/ "

20 40 60 80 100 120

- Hg
Mannan added

Fig. 12, Quantitative Precipitin Curve of Antimannan
Serum against Mannan

.The antimannan serum(0.2 ml) and varying amounts of

mannan in 0.8 ml of PBS(pH 8.0) were mixed, Incubation

was performed first for 2 hr at 37°C, then for 24 hr. at

Lk °¢, The precipltate formed was”collected by centrifugation
, washed with PBS(pH 8.0) twice, and then dissolved in

lmlof 1 % N32q03’ Absorbance of the solution was measured
at 280 mp.
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Table 8

Structure of Glycopeptides

Ovalbumin . o " Taka amylase A
glycopeptides glycopeptides
| Man
r‘J
(‘GIcNA - | Man  Mar
GleNAC) gortor2 . i{} fiﬂ
' ' ‘Man 48 3
Man _ _ M h%n—*M
GleNAc (MTn)om, - Glcti}ﬁc
l ' . | 4
GlcNAc ~— (Man )3—Man —(GIcNAC ) gt - Glc!\rl_],?.c
Asn—Leu—Thr _ | | Ser—Asn
C.C.Huang, et al., _ H.Yamaguchi et al.,
Carbohyd.Res., 13 127(1970) J,Biochem,70 587(197)
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Fig. 13. Inhibition of Antimannan Serum- Mannan
Precipitation Reaction by Glycopeptides

The antimannan serum(O.1l ml) and varying amounts cof
glycopeptide in 0.5 ml of PBS(pH 8.0) were mixed,

and after incubation for 2 hr at 37°C, 50 pg mannan

in 0.5 ml of PBS(pH 8.0) was added. Incubation was
continued first 2 hr at 37°C, then for 24 hr at 4°C.
The precipitate formed was collected by centrifugation
, washed with PBS(pH 8.0) twice,and then dissolved in
1 ml of 1 % Na;COx. Absorbance of the solution was

measured at 280 mp,
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Mana1—3Mand 1—2Mana 1—2Man @7 F 7 — A Mana 1—2Mana 1—2Man H LI Mana
1=3Mana 152Mank EO b ) 4 — 2 CIEHT 5 & DT b

—H, BET AT I vHEATF VAR EAERBREEES RIS, 1emoleDE~NTF 1T
13% 1 EQOUBBLEETRITOHTHD o
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2ot 54— i>THELLELS, Bx7FVEE( 0BRGN, £#H7IFT— KA
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Table 9. Inhibition by various mannosides of
the precipitation of mannan by antimannan

Inhiﬁitor Ymoles to give SOIZ inhibition

TA-GP o  0.190

DA-GP ‘ a3 73
Manel—>3Manl-»2Manl->2Man 0.083°
Manal—r2Manal = 2Man } 0.2501:
Manal=+3Mangl—> Z2Man

Manal-» 3Man - 1.67°

Manal—2Man o 4,200

Manal—» 6Man . 12.0°

aPer_cent of inhibition caused by 1.0 pmole of OA-GP,

Ppate from S.Suzuki, et al., Japan.J.Microbiol.,l2,

19-24(1968)
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Fig. 1y. Fractlonation of Taka Amylase A Glycopeptides
" on Dowex 50X2 -

Talka amylase A glycopeptides(77.9 mg mannose sq.) were
dissolved in 5 ml of C.001 M pyridine-acetic acid buffer,

pH 2.5, and applied to a column of Dowex 50X2(1.5X 116 cm)
eguilibrated with the same buffer. Elution was carried
out-initially with the same buffer, from tube number

71 to tube number 200 with s linear gradivnt from the

same buffer to O0.04M pyridine-acetic acid buffer,pH 3.1

and from tube nimber 201 with 0.2 M pyridine-acetic agid bBuffer,
pH 3.1, The flow rate was 25 ml per hr and 15.3 ml fractions
were collected initially and from tube number 71, 10.5 ml
fraction were collected. Aliquots were used for the orcinol-~
HESOA reaction. .
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Table 10. Amino Acid and Carbohydrate Compositions of
Taka Amylase A Glycopeptides Fractionated on
Rowex 50K 2 ‘

1 T1i1 i1} \ij Vi VIL

I

Asp 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Thr 0.07 E ' 0.05
Ser - 0.8% 0.16 0.96 0.89 0.94 0.89 0.29
Glu 0.07 - 0.07
Pro 0.11 0.50
Gly 0.16 0.20
Ala 0.03 0.03
Cys ~ 0.16
Val : : 0.28
Met .10 . 0.09
Ile ' 0.01
Leu . o ' trace
Tyr 0.32
Phe '

GlecNH, 1.55 1.71  1.90 1.73 1.65 1.60 0.63

Man 9.59 5.74 8.29 7.11 6.13 4.97° 2.29
Man dist- ; L ~ -
r%b;gion 6.1 5.6 7.2 5.2 9.5 56.7 . 9.7

Values are expressed as moles per mole of Asp.
Try, Lys, His and Arg were not determined.

@QM.N.VHIU“HMTﬂ%Tzﬁﬁﬁy@1%»gb‘1%m®ﬁuy‘2%m@
FATYI AT AN, v /- ZRERE D, D, V. V. VORKETAERE = A,
7. gxn, SEAFEA TR, FEAOUBELEMGEWCRZD. B V. V.
VDKL L Tinio
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Fig. 15. Inhibition of Antimannan Serum-Mannan

Precipitation Reaction by Taka Amylasc A

Glycopeptides Fractionated on Dowex 50X2

The antimannan serum(C.l1 ml) and varying amounts of - ..

glycopeptide in 0.5 ml of PBS(pH 8.0) were mixed, and

after incubation for 2 hr at 37°C, 50 AE mannan

in 0.5 ml of PBS(pH 8.0) was added. Incubation was

continued first 2 hr at 37°C, then for 24 hr at 4°C,

The precipitatate formed was collected by centrifugation’

, washed with PBS(pH 8,0) twice,and then dissolved in :

1mlof 1% NaECO . Absorbance of the solution was measured
3

at 230 mp. .

Ea It Mana 123 Manai—2Mane 12 ManD7 b 54—, BIFNViiMana 1—3 Mane 1—=2Man &
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Fig., 16. Quantitative Precipitin Curve of Concanavalin A
against Mannan _ ' : :

Concanavalin A(500 pg) in 0.5 ml of TBS(pH 8.0) and
varying amounts of mannan in 0.5 ml of TBS(pH 8.0) _
were mixed. Incubation was performed first for 30 min

at 37°C, then for 1 hr at 4°C. The precipitdte formed
collected by centrifugation, washed with TBS(pHS8.0)

once, and then dissolved in 1 ml of 1 % Na2C03. Absorbance
of the solution was measured at 280‘mp. ' .
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Fig. 17. Inhibition of Concanavalin A-Mannan
Precipitation Reaction by Glycopeptides

Concanavalia A(500 ng) ita <.% wl of TES(pH 8.0) and
varying amounts of glycopetide in 0.5 ml of TBS(pH 8.0)
were mixed, and after incubation for 30 min at 37°C,

50 ug mannan in 0.5 ml of TBS(pH 8.0) was added.
Incubation was continued first for 30 min at 37 C, then for
1 hr at °C. The precipiiate formed was collected by
centrifugation, washed with TBS(pH 8.0) once, and then
dissolved in 1 ml of 1 % Na,C0z3. Absorbance of the .
solution was measursd at 280 mp.
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Fig. 18, Inhibition of Antimannan Serum-Mannan
Precipitation Reaction by Glycopeptides from
Mitochondria of Rat Liver

The antimannan serum(0.1l ml) and varying amounts of
glycopeptide in 0.5 ml of PBS(pH 8.0) were mixed, and
after incubation for 2 hr at 3%7°C, 50 A& mannan in

0.5 m1 of PBS(pH 8.0) was added. Incubation was continued:
first 2 hr at 37°C, then for 24 hr at 4°C. The precipitate
fermed was collected by centrifugation, washed with PBS(pH
8.0) twice, and then dissolved in 1 ml of 1 % Na.COj;.
Absorbance of the solutlon was measured at 200 ‘mp.
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Fig. 19. Inhibition of Antimannan Serum-Mannan
Precipitation Reaction by Glycopeptides from. .
Microsomes of Rat Liver :

The antimennan serum(0.1 ml) and varying amounts

of glycopeptide in 0.5 ml of PBS(pH 8.0) were mixed,
and after incubation for 2 hr at 37°C, 50 ng mannan

in 0.5 ml of PBS{pH 8.0) was added. Incubation was
continued first 2 hr at 37°C, then for 24 hr at 4°C.
The precipitate formed was collected by centrifugation
, washed with PBS(pH 8.0) twice, and then dissolved in
1 ml of 1 % Na;C0s3. Absorbance of the solution was
measured at 280 mp.
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Fig. 20, Inhibition of Concanavalin A-Mannan
Precipitation Reaction by Glycopeptides from
Mitochondria of Rat Liver : '

‘Concanavalin A(500 pg) in 0.5 ml of TBS(pH 8.0)

and varying amounts of glycopetide in 0.5 ml of
TBS{pH 8.0) were mixed, and after incubation- for |
30 min at 37°C, 50 pg mannan in 0.5 ml of TBS(pH 8.0)
was added. Incubation was continued first for 30 min
at 37°C, then for 1 hr 4°C, The precipitate formed
collected by centrifugation, washed with TBS(pH 8.0)
once, and then dissolved in 1 ml of 1 % Na,COs. .
Absorbance of the solution was measured at 280 mp.
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Fig. 21. Inhibition of Concanavalin A- Mannan
Precipitation Reaction by Glycopeptides from
Microsomes of Rat Liver

Concanavalin A(500 npg) in 0. 5 ml of TBS(pH 8.0)

and varying amounts of glycopetide in 0.5 ml of

TBS(pH 8.0 were mixed, and after incubation for -

30 min at 37°C, 50 pg mannan in 0.5 ml of TBS(pH 8.0)
was added. Incubation was continued first for 30 min

at 37°C, then for 1 hr 4°C. The precipitate formed

was collected by centrifugation, washed with TBS(pH 8. O)
once, and then dissolved in 1 ml of 1 % Na,COs.
Absorbance of the solution was measured at 280 mp.
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