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TABLE 1

UPTAKE OF GLYCOPROTEINS BY HEPATOCYTES
AND SINUSOIDAL CELLS

Units/107 cells®

Sinusoidal
Glycoprotein Hepatocytes cells
125]-labeled asialo-
orosomucoid 266 *+ 63 (3) <3 (3
125].]abeled mannan <3 (3 120 + 41 (10)

Note. Hepatocytes (0.2-1 X 10° cells) and sinusoidal cells
(0.35-2.0 X 10° cells) were incubated separately with 1.5 ug
of labeled ligands at 37°C for 60 min. After the incubation,
uptake of ligands was assayed as described under Materials
and Methods. In these experiments, uptake is used to denote
cell-associated material; no distinction is made between
binding and endocytosis. Each value represents the mean of
several experiments + SD; the numbers of experiments are
indicated in parentheses.

2 One unit is defined as a nanogram of ‘*I-labeled ligand
incorporated in the standard assay.
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Ob, HEICERET A< vF v EEERZAIEL /o, Table 2 2R
TEo, COBAET YT UVOMOASFEROERE I HIC, EE
MEANEREREORED T v/ F VEESERER LI, FHRFOXE
BB EEBEHABOB2ETHE I Lo, RO VT
VREGEREDISB D PR EEMBICEAET A ENHSMNCE 5 1,
KiCHMasE, TV YA =Y 2ARNEORVEEEINT NS4
CCw v vefvFaxX—bL, HIRERCFET S VS VEE
EWABHEL 2, Table 2 IWRT L O, EEMBOREICWE <V F
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TABLE 2

MANNAN-BINDING ACTIVITY IN HEPATOCYTES
AND SINUSOIDAL CELLS

Units/10" cells®

Binding Sinusoidal
capacity Hepatocytes cells

Total binding

capacity® 211 + 48 (5) 8109 (5)
Surface hinding

capacity® <1.0 2) 23 (2)
Isolated binding

protein® 286 [136% ) 09 [11%)

Note. Each value represents the mean of several experi-
ments + SD; the numbers of experiments are indicated in
parentheses.

2 One unit is defined as a nanogram of '*I-labeled mannan
bound in the standard assay.

® Hepatocytes (0.2-1 X 106 cells) or sinusoidal cells (1-5 X
106 cells) were used for the binding assay in the presence of
Triton X-100 as described under Materials and Methods.

“The binding activity associated with the surface of the
cells was estimated by incubating the intact cells at 4°C for
60 min (see Text).

4 Hepatocytes (1.6 X 10° cells) and sinusoidal cells (2.1 X
10® cells) were extracted separately with the extraction buffer
containing Triton X-100. From the extracts, binding protein
was isolated by affinity chromatography on a Sepharose 4B-
mannan column (see text and Table 3 ).

¢ Figures in brackets indicate the overall recovery from
the original cells.

VESERERBREBINEL o, COBRE, EEMBE VS U E
HMORACEEE2LROIEEBEIL—RLTEBD., ZoMlarad
TUF UG R IVBOEREALETNTRMIANICEET S LR
ALTWV3, —F., FEBHEORmMIcE I OMED 2 V) VS
EHEOWI/MOFBFBENRB SN, COFERET Y F Vv ORBENITE
DABKBICES ALY -2 FTLOEELLNS,
DEoZ &N, ZEMBLFETEMEICE LI VT UVRBEES
YRVENFEL, TUORBRENICELEZLDTHE I ENRIN
Too



B2H HFEREMBA< S EEF NV BEOBEEZzONE

FEGHENICEET S VT VST V7 BEFBho < v F
VEAEHOKRBLEHS LEZLONLOT, Ric, FEBEMIALH
EMEE LT, FBRE2KNM OGS LEBOFEICID 2 v F Vs
FURTBEREREL -, 2O R %2 Table 3R T, $359D fFiE
NOBEL EEWBX N LR EIe v F UEESY VR EN
Botl, TOMBEWIZII0U/ng ¥ VNI BETH, FREENS
BRI v U BSY UXVBOREREFEFERCEERL
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TABLE 3

PURIFICATION OF BINDING PROTEIN FROM HEPATOCYTES

Total protein Total activity Specific activity Yield
Fraction (mg) (10™* X units)®  (units/ug protein)® (%) Purification
Triton X-100 extract 1184 1.38 0.012 100 1
Eluate, affinity column 1 6.61 2.10 3.18 152 265
Eluate, affinity column 2 0.235 1.40 59.6 101 4970
Eluate, affinity column 3 0.083 0.907 109.3 66 9110

Note. Approximately 1.6 X 10° cells isolated from five male Wistar rats were used for the preparation of
the Triton X-100 extract. More than 90% of the binding activity detectable in the cells was recovered in the
initial Triton X-100 extract.

®One unit is defined as a nanogram of '*I-labeled mannan bound in the standard assay with 300 ng of
®]-labeled mannan used per tube, for comparison with the previous data on whole rat livers (Table I in Ref.
(5)).
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Fic. 1. Polyacrylamide gel electrophoresis of the
binding proteins in sodium dodecyl sulfate. Each 10
ug of binding protein isolated from hepatocytes (A)
or from whole livers (B) was subjected to electro-
phoresis in 10% polyacrylamide gel according to the
procedure of Weber and Osborn (22). Protein bands
were stained with Coomassie brilliant blue G-250 in
10% trichloroacetic acid. +2ME or —2ME means that
the protein had been reduced with S-mercaptoetha-
nol prior to electrophoresis or had not, respectively.
The arrows denote the migration of the marker dye.
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F1G. 2. Antibody titration of the binding proteins.
In a total volume of 0.5 ml], mannan-binding proteins
from whole livers (@) and hepatocytes (O), each cor-
responding to 0.35 ug of protein, were incubated with
increasing amounts of the rabbit antiserum IgG pro-
duced against the mannan-binding protein isolated
from whole livers in the binding assay mixture with
the labeled mannan omitted. After 30 min at room
temperature, the binding capacity was determined
with the addition of *I-labeled mannan. (A) Preim-
mune serum IgG was incubated with binding pro-
teins; (B) antiserum IgG produced against the man-
nan-binding protein from rat livers was used.
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FiG. 8. Time course of uptake of '*I-labeled man-

nan into sinusoidal cells. Sinusoidal cells (1.5 X 10°

cells/tube) were incubated with 1.5 ug of *I-labeled

mannan in the standard assay mixture at 37°C (O)

or at 4°C (@). After incubation, the ligands associated

with cells were assayed as described under Materials
and Methods. Each value represents the mean of du-
plicate determinations.
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FIG. 4. Concentration dependence of uptake of '#I- =
labeled mannan by sinusoidal cells. Sinusoidal cells
(1.3 X 10° cells/tube) were incubated in the standard / ) . .
assay mixture (0.5 ml) with increasing amounts of 0 005 010 015
15]-labeled mannan. After 60 min at 37°C, the cell- 1/MANNAN (1/nM)
associated ligands were assayed as described under
Materials and Methods. Each value represents the FiG. 5. Double reciprocal plot of the uptake curve.

mean of duplicate determinations.
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TABLE 4

SPECIFICITY OF UPTAKE AS MEASURED BY AN INHIBITION ASSAY

Inhibition of uptake Inhibition of uptake

Compound (%) Compound (%)
Mannose 82 Glucosamine .0
L-Fucose 74 N-Acetylgalactosamine 0
N-Acetylmannosamine 68 Galactosamine 0
N-Acetylglucosamine 44 Mannose 6-phosphate 0
Mannosamine 28 Fucose 0
Glucose 25 Lyxose 32
Galactose 0 Arabinose 37

Note. The assay was carried out as described under Materials and Methods in the presence of 0.8 X 10°
cells and 10 mM of the inhibitors listed in the table. Values are the means of two experiments. Control uptake
was measured in the absence of added inhibitors. Sugars are of the D-configuration unless otherwise stated.
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TABLE 5

COMPARISON OF SPECIFICITY FOR GLYCOPROTEINS BETWEEN BINDING TO THE MANNAN-BINDING
PROTEIN AND UPTAKE BY SINUSOIDAL CELLS

Activity (relative to '®I-labeled mannan)

Binding by mannan- Uptake by
Ligand binding protein sinusoidal cells
%5]-labeled mannan 1.00° 1.00°
5]-labeled asialoorosomucoid 0.04 0.02
1%]-labeled agalactoorosomucoid 0.04 0.49
1%]-labeled ahexosaminoorosomucoid 0.01 0.46
15]-labeled Mangs-bovine serum albumin 0.69 2.92
'%]-labeled GlcNAcg-bovine serum albumin 1.18 6.56

Note. Sinusoidal cells (0.5-1.5 X 10° cells) and the mannan-binding protein (0.3-1.3 ug) were incubated with
1.5 ug of PI-labeled ligands in the respective standard assay mixtures. After 60 min at 37°C (for sinusoidal
cells) or 15 min at room temperature (for the binding protein), uptake or binding activities were determined
as described under Materials and Methods. Each value represents the mean of duplicate determinations.

¢ 275 ng of "®I-labeled mannan was bound per microgram of protein under the conditions.

®93 ng of *I-labeled mannan was incorporated per 107 cells under the conditions.
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TABLE 6

COMPETITIVE UPTAKE BETWEEN VARIOUS GLYCOPROTEINS

Uptake
Ligand Inhibitor (% of control)
%]-labeled mannan None 100
Agalactoorosomucoid 17
1%].1abeled agalactoorosomucoid None 100
Mannan 8
1%].1abeled ahexosaminoorosomucoid None 100
Mannan 13
Agalactoorosomucoid 12
1%].1abeled Mang-bovine serum albumin None 100
GleNAc-bovine serum albumin 37
Mannan 41
Agalactoorosomucoid 42
1%5]-labeled GleNAcg-bovine serum albumin None 100
Mangs-bovine serum albumin 0
Mannan 32
Agalactoorosomucoid 16

Note. To the standard incubation mixture containing 1 X 10° cells, were added the *I-labeled ligands (1.5
ug) and unlabeled inhibitor glycoproteins (50 ug) listed below, and uptake activity was measured as described
under Materials and Methods. Each value represents the mean of duplicate determinations.
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F1G. 6. Antibody titration of the binding protein
and endocytosis. (A) Mannan-binding protein iso-
lated from whole livers (40 units) was incubated with
increasing amounts of the Fab fragment of antise-
rum IgG produced against the mannan-binding pro-
tein isolated from whole livers. After 30 min, the
binding activity remaining was determined as de-
scribed in Fig. 2. (B) Approximately 1 X 10° sinusoidal
cells, containing 0.8 units of mannan binding activity,
were incubated with the Fab fragment of antiserum
IgG in the standard assay mixture. After 30 min at
37°C, ®I-labeled mannan was added to the mixture
and uptake activity was determined as described un-
der Materials and Methods. The Fab fragment ob-
tained from preimmune serum did not show any ef-
fect on either binding or endocytosis.
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Fig.7. Examination of mode of inhibition by endogenous

inhibitors present in the liver homogenate by Lineweaver-
Burk plot analysis. The purified mannan-binding protein
(0.4 9) was incubated with various amount (50-300ng) of
'25]-Manss-bovine serum albumin in the absence (O) or
presence (X ) of the inhibitor fraction. The inhibitor
fraction used in this assay was the pass-through fraction
of first affinity chromatography on Sepharose 4B-mannan
as described in Table 3. 1/[L] is the reciprocal of the
concentration of ligand added and 1/[L]b is the reciprocal

of the concentration of ligand bound.
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TABLE 7

DISTRIBUTION OF BINDING ACTIVITY IN RAT LIVER ORGANELLES

Total activity Specific activity®
(U%/g liver) (U%/mg protein)
Experiment Total protein Method Method Method Method Latency®
number Fraction (mg/g liver) A B A B (%)
1 Homogenate 92.6 268 606 2.89 6.54 55.8
Nuclei 19.8 72.8 144 3.68 7.27 494
Heavy mitochondria 124 1.8 14 0.15 0.11 —
Light mitochondria 14.5 8.7 24.9 0.60 1.72 65.1
Microsomes 277 139 554 5.02 20.0 74.9
Soluble fraction 17.3 11.9 10.6 0.69 0.61 —
II Whole microsomes 16.4 125 499 7.62 30.4 74.9
Rough microsomes 7.55 374 259 4.95 34.3 85.6
Smooth microsomes 4.80 52.8 82.1 11.0 17.1 35.7
111 Common Golgi 0.802 8.09 8.42 10.1 10.5 34.6¢
v Golgi apparatus GF1 0.0572 1.50 nd 26.2 — —
GF2 0.185 4.77 nd 25.8 — —
GF3 2.79 45.7 nd 16.4 — —
\" Lysosomes 0.297 <0.02 0.12 <0.07 0.4 -
VI Plasma membranes 0.0978 <0.01 nd <0.1 — —

Note. Assays were carried out by two methods as described under Materials and Methods. nd, not determined.

¢ One unit is defined as 1 ng of ®I-labeled mannan bound in the standard assay.

® Specific activity is calculated as the quotient of total activity divided by total protein.

¢Latency is calculated as 100 (B — A)/B. A and B refer to the total activity determined by Methods A and
B, respectively.

¢ This value is calculated by taking the activity of the Triton X-100 extract (5.51 U/g liver) as the value
of A (see Materials and Methods).

Table 8 ZZDHBL MBI VI X TOMEL, BArD<—H
—-BREURLZAEL TCHANLERETRLTOL 5,

Ty MNFBEEE* VD SET 5 &, Table TOExp. [ IK/RT
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TABLE 8

ENzZYME MARKER PROFILES IN RAT LIVER ORGANELLES

Experiment 5'- Glucose-6- Acid Galactosyl- Malate

number Fraction Nucleotidase phosphatase phosphatase transferase dehydrogenase

1 Homogenate 1.0 1.0 1.0 1.0 1.0

Nuclei 0.44 0.80 0.64 nd nd

Heavy mitochondria 0.19 0.06 1.21 nd nd

Light mitochondria 0.28 0.27 2.06 nd nd

Microsomes 2.30 2.56 0.98 nd nd

Soluble fraction 0.74 0.03 041 nd nd

v Golgi apparatus GF1 2.44 0.12 1.60 53.8 nd

GF2 13.8 0.35 1.90 10.8 nd

GF3 716 0.95 0.79 0.28 nd

v Lysosomes 1.02 0.25 29.3 nd 0.35

VI Plasma membranes 15.5 1.72 0.83 nd nd

Note. The values listed above represent the relative specific activity: the ratio of specific activity in any
given fraction to that of the homogenate arbitrarily set at unity. nd, not determined.
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TABLE 9
Effect of Salt ¥ash on Mannan-Binding Protein of Microsomes

Activity Protein Specific activity
(units/g liver) (mg/g liver) (units/mg protein)

Control 110 15.4 7.14
0.15M KCl Ppt. 89.2 (8T% 10.9 (78%)

Sup. 13.5 (13% 3.1 (2%
0.15M KCI1 Ppt. 84.8 (83%) 10.3  (74%) 8.23
+10mM EDTA Sup. 7.1 A% 3.6 (269 4.75

Note. Freshly prepared microsomes were suspended by homogenization in 0.15M
KC1 or 0.15M KC1 containing 10mM EDTA and then washed by centrifugation at
105,000X g for 60min. Protein and mannan-binding protein in precipitates (Ppt.)
or supernatant (Sup.) were determined as described under Materials and Methods.

T UF VLY VR IBRYEY - LOBRESTLRVEELLN
3, o TCULOERNS, v/ F UEAY VR IJBEI 0T — b
BEOY V7 BTHY, TLLTMNIKICEBEST S LRSI,
Kic, 3709 —LxCsEPE2AVCHE 7oV —LEEH
Ivav-Licbhid, v F UEEERDO R EF NI, Table T O
Exp. LIcRT &9, vV VEdE& sy v 7EREEI 70 -4l
BB NENS N, ¥ 7By OiEMH S, HEI 70V — L
WBEIZ7ay —L0M2EHVERZR L, HEI 70V - L&
LAETNRTHBE/NAKINSOKL I ENHONTEY, -oT= v F
viESY X7 BERHE/NMIKCERECEENhS RSN, —
H.BEIZaY) —LicbFEIRXR-FO2~3BFFLEENEON
oo BHEII 70V =20 2DDFNTRINOKE I ENTON
TV, RICEBEI Zay —Lic&ETN AR VT x5 %5



RICBEL, INSOT U F UERY URNIBERRTNT,

Table TOBxp. M, ViR L oic, TVVEED< Vv F UVEEY v
NI BEORBEREREFREI R - FOBAICKNI~I0EEI - 12, BB,
# )L VB (Common Golgi)D = v ViEA Y V7 H % Wethod BT
AMETAHEL FU MY X-100Hi B D BIUEKN68% & FIAKICEK S IE
L EENEETH >, 22T, HITNVIRELE X 5126, GF2,
GRIEDICHT T v VEEERZAET 2581, RERY F
Y REREET LR OMMethod Aic X BE)EH VI, R > THBET 3
ko, CULOBEAEETNINERYV T Y FOFEE2EZERTIIE
TNWIVEBEBDT VT VBRI VR VBEOLERERISICEL LS LE
Z2oN5%, GFIAEEICRBEINLZITLVY VS VRABA2ECES TS
%, GRMGITNVVEEDKS. BE/NMNMIKBLPCEEEROREY T
H0. GFUIGFIEGF3DRAYTH B, </ F U/EEY VR VB
JEVEILGRL, GF2E b FEVRX—LOBAEOHIEEL. GF3THFE
Vx—bOBAEDSEU EEN T, WBIIT, IV RINIE
DT —N—BETHIEHIZ PV IT VAT 27— ¥DhERI,
GFITHE bE L. GF2TIIE L . GF3TWEIEFE ICME D > fz (Table 8), —
FH. NAEKD < —Hh—BRTHE I NVI—-R 6-FRAT7 77 —EDK
JEEEGRL, GF2, GF3DNHICE < 72 - T/ (Table 8), WE-T. <~
FUREGIUNRIBEIVIEBICBVLT, P UVRAEML Y AT
DIEOMEYEL BHELTBY, BZ o BHE/MAKICLERELTL
5EEBZLON T,

Table 7 ®Exp. IicRd L Hic. REBEEDO< v+ V#EGSF VX7
BEBEMNIOEL, 370V —L0BRAKIVHHTXIBEDR
Thot, COKRER, EEMBEE < F v ERORAE S, £, %



DHfAERHEIC~ v F VEAFEEMREBIALTVWI EE—-K LTV 3,
Table 7 DExp. VIERT L Dic, B Y VY —LEZDTV/F VS
EHREBICEN N, VYV —LA2BHIT L LI BLYXD ST
—CHEHEMZATOLEREIRLTH - /oo

DEDERNS, = v+ VEEY VR ZEEEE/NIKENS TV Y
EEBICELIMENERCAL AHE LTV AN, HE/MIKICEEN >
BEECEELTVEIE, £/, VYV - LBICEBEBICIZE
EAEEINLB O ENHES MK - I,

F3H ITuV-—LiBIAFE T UEEY RN IBOEE
#R

2 UF VR URIENRI 7oy - LOBEROMBERICELET
B, FNELABEAKEET SN BERTOXZ VLV F—Ya V)%
FARBrD, 3709)—-0b%2T7uTFT7—¥D—HTHERATFY I
TME L, BB, 202 BTar7—¥@Eirsay—LEL2EB
TEF, - THROARGHEREADICHFEET ST X7 BIcD S ER
MIcfERdT 22 &Moo T0ns, HRELT, §TiIKIZ7ay —L
TOFVLVYTF—Ya VPHLNMNENTVERD2 >OBELEHL
oo SVVFAVINIFRRAT7 7RIV —-LHABCEELTE
D3 —F, NADPH-Y b7 0 bl V¥ 27 ¥—BldI 7oy —LDMH
BEY VX VETHY, ZOEHRHREINEROMBERICHEL T
%54,

Fig SARFILCFABML I 70V — L2 BXOBREORTFY IV
L O0OCTIEER A VFaR—-bLEDB, BELTLE< VT U EA



A
100
s
= \
> \
Zsof
] N
< N
-
_____ R .
0 20 4.0 60

00

ACTIVITY (%)

20 4.0 6.0
SUBTILISIN (% x10%)

FiG. 8. Effect of subtilisin on the inactivation of
the mannan-binding protein in rat liver microsomes.
Freshly prepared microsomes were suspended by
gentle homogenization in Buffer A to a protein con-
centration of 3 to 5 mg/ml. To the suspension, sub-
tilisin was added to various final concentrations as
shown on the abscissa. After standing for 15 h at 0°C
in the absence (A) or presence (B) of 0.08% Triton
X-100, the suspension was separated into supernatant
and precipitate by centrifugation at 105,000g for 90
min. The precipitate was solubilized with 0.8% Triton
X-100 in Buffer A, and the extract was recovered by
centrifugation (precipitate extract). (A) Aliquots of
the precipitate extract were assayed for NADPH-
cytochrome ¢ reductase (A) and nucleoside diphos-
phatase (X), and also for the mannan-binding protein
(O) after purification therefrom by affinity chroma-
tography as described under Materials and Methods.
(B) An aliquot of the precipitate extract was used
for the assay of NADPH-cytochrome c reductase, and
aliquots of the supernatant for the assay of nucleoside
diphosphatase and the mannan-binding protein after
purification as in (A). Symbols are the same as in
(A). The activities are expressed as percentages of
the control activity (with no subtilisin added).
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F1G. 9. Effect of Triton X-100 on the solubilization
of the mannan-binding protein in rat liver micro-
somes. The microsomal suspension prepared as de-
scribed in Fig. 1 was incubated with various concen-
trations of Triton X-100 as shown on the abscissa.
After standing for 30 min at 0°C, the suspension was
centrifuged at 105,000g for 90 min. Aliquots of the
resulting supernatant were used for the assay of pro-
tein (@), nucleoside diphosphatase (X), and NADPH-
cytochrome ¢ reductase (A), and for the estimation
of the mannan-binding protein (O) by Method B after
purification by affinity chromatography as described
under Materials and Methods. The activities are ex-
pressed as percentages of the maximum activity de-
tected in the experiments.
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F1G.10.Estimation of inhibitory activity of rat liver
organelles. To the standard assay mixture containing
0.35 ug of the purified binding protein and 300 ng '*]-
mannan, an increasing amount of the inhibitor frac-
tion of each organelle was added, and the binding
assay was carried out as described under Materials
and Methods. Inhibitory activity was expressed as
the percentage inhibition of the control binding mea-
sured in the absence of inhibitors. The symbols in
(A) are *, homogenate; V, nuclei; A, heavy mitochon-
dria; O, light mitochondria; 4, microsomes (Exp. I);
and @, soluble fraction, and those in (B) are ®, whole
microsomes (Exp. IT); O, rough microsomes; 4, smooth
microsomes; O, common Golgi; and V¥, lysosomes.
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TABLE 10
DISTRIBUTION OF INHIBITORY ACTIVITY IN RAT LIVER ORGANELLES

Total activity Relative
Experiment Specific activity® specific activity
number Fraction U® X 10™/g liver %° (U®/ug protein) (-fold)
I Homogenate 8.85 (100) 0.956 1.00
Nuclei 249 234 1.26 1.32
Heavy mitochondria 0.28 2.6 0.228 0.24
Light mitochondria 0.73 6.8 0.501 0.52
Microsomes 6.65 62.4 2.40 2.51
Soluble fraction 0.51 4.8 0.295 0.31
II ‘Whole microsomes 417 (100) 2.54 2.66
Rough microsomes 2.54 7.9 3.36 3.51
Smooth microsomes 0.72 22.1 1.49 1.56
III Common Golgi 0.16 1.8 2.04 2.13
v Lysosomes 0.28 3.2 9.36 9.79

Note. Inhibitory activity was estimated as described under Materials and Methods.

% One unit is defined as the amount of inhibitory activity giving 1% inhibition in the standard inhibition
assay.

5The summation of activity recovered in the subfractions was taken as 100%, which corresponded to 120%
(Exp. I) and 78.2% (Exp. II) of the activity of the homogenate and whole microsomes, respectively. In Exp.
III and V, percentage distribution is calculated by taking the activity of the homogenate (88,500 U/g liver)
as 100%.

¢ Specific activity is calculated as the quotient of total inhibitory activity divided by total protein listed
in Table 7.
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FIG.11. Estimation of K; values for the inhibitor
fractions of rough microsomes and lysosomes by
Scatchard plot analyses. The purified binding protein
(0.4 pg) was incubated with various amounts (50-300
ng) of ®I-mannosyl-bovine serum albumin in the ab-
sence (X) or presence of the inhibitor fraction of rough
microsomes (10.0 pg, O) or lysosomes (6.0 ug, ®). B
is the concentration of bound ligand, and B/F is the
concentration of bound ligand divided by the concen-
tration of free ligand.
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Figure 12. Subcellular distribution of MBP and its endogenous inhibitors. (A) and (C)
show the specific activity of mannan binding and its inhibition of subcellular fractions of
rat liver, respectively. The value of the homogenate is taken as 1.0. (B) and (D) show the
distribution of MBP and its endogenous inhibitors among subcellular fractions, respec-
tively. The amount of the homogenate is taken as 100%. The symbols are as follows: H,
homogenate; RM, rough microsomes; SM, smooth microsomes; G, Golgi apparatus; G |,
GF1; G I, GF2; G Ill, GF3; L, lysosomes; PM, plasma membranes.
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Fig.13. Procedure of isolation of endogenous ligands.
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Fig.14. Isolation of endogenous ligands by affinity Chromatography.
Triton X-100 extract of rough microsomes (59.3n¢ protein), from which
the mannan-binding protein had been removed with a Sepharose. 4B-mannan
column (3m¢), was applied to a Sepharose 4B-mannan-binding protein column
(15m0). The column was washed with the loading buffer, and then eluted
with the eluting buffer containing EDTA (indicated by the arrow).
Fractions of 5.0 were collected and aliquots therefrom were used for the
determination of protein (O) and inhibitory activity (@) as described

under Materials and Methods.
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Fig.15. Polyacrylamide gel electrophoresis of endogenous ligands

in the presence of sodium dodecyl sulfate. Purified lysosomes (lane b,

5012 9), rough microsomes (lane d, 50 ¢) and primary cultured hepatocytes
(lane f, 151 ¢), and the respective endogenous ligands isolated therefrom
(lane ¢, e and g, 5019 each) were fractionated in a 10% polyacrylamide
gel in the presence of sodium dodecyl sulfate as described under Materials
and Methods. Following electrophoresis, the proteins were stained with
Coomassie brilliant blue. The figures to the left refer to the molecular

weight of the standard proteins (lane a and h).
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Fig.16. Fluorography of endogenous ligands labeled with
SH-glucosamine. Primary cultured hepatocytes were labeled
with *H-glucosamine (25xCi/dish) for 1 or 24h. Total cellular
proteins (2009, lane d, e) and endogenous ligands isolated
therefrom (201 ¢, lane a, b, ¢) were subjected to electro-
phoresis in 10% polyacrylamide gels in the presence of sodium
dodecyl sulfate. Following electrophoresis, the proteins
were stained with Coomassie brilliant blue (lane a, d).
S-Glucosamine-labeled materials were detected by fluorography
as described under Materials and Methods. Lane b; endogenous
ligands labeled for lh, lane c¢; endogenous ligands labeled for
94h. lane e: total cellular proteins labeled for 24h. The
figures to the left refer to the molecular weight of the

standard proteins.



TABLE 11
In vitro Labeling of Endogenous Ligands

3H-Compound Labeling Acid-precipitable radioactivity (dpm) B/AX 100
time total cellular endogenous (%)
(hr) proteins(4) ligands(B)
Leucine 1 846 55.5 6.6
24 4,985 77.1 1.5
Glucosamine 1 11,000 1,520 13.8
24 139,000 7,180 5.2
Mannose 1 2,580 763 29.6
) 24 7,610 1,410 18.5
Galactose 1 13,400 351 2.6

Note. Primary cultured hepatocytes were labeled with *H-leucine (20 Ci/dish),
3H-glucosamine(50 x Ci/dish), *H-mannose(50x Ci/dish) or *H-galactose(50u Ci/dish)
for 1h or 24h. Protein-bound radioactivity in the total cellular proteins and
endogenous ligands isolated therefrom were determined as described under Materials

and Methods.
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Fig.17. Fractionation of Endo-H digests by AG1x2 chromatog-
raphy. The endogenous ligands (panel A, B) and total cellular
proteins (panel C, D) of the hepatocytes which had been
labeled with °H-glucosamine (20 Ci/dish) for 1h (panel A, C)
or 24h (panel B, D) were digested with pronase P and the
glycopeptides obtained were digested with Endo-H. The digests
were reduced with NaBH. and N-acetylated with acetic anhydride,
and then applied to a column of AG1x2 (0.7xllcm, Cl form, 100-
200 mesh). After washing the column with H,0, materials bound
to the column were eluted first with 10mM HCIl and then 1M NaCl.
Fractions of 1.0m¢ were collected and an aliquot therefrom was

used for the determination of radioactivity.
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Fig.18. Fractionation of neutral oligosaccharides of endogenous
ligands by Bio-Gel P-2 gel filtration. The neutral oligosaccharides
of endogenous ligands isolated from the hepatocytes which had been
labeled with *H-glucosamine (25 Ci/dish) for 1h (panel A) and 24h
(panel B) were mixed with glucose oligomers, and then applied to a
column of Bio-Gel P-2 (1.8x190cm, -400 mesh). Fractions of 1.6m¢
were collected and aliquots therefrom were used for the determination
of radioactivity and neutral sugars. The arrow denote the elution
positions of the glucose oligomers with numbers indicating the numbers
of glucose unit and the calculated elution positions of the standard
oligosaccharides (MoG, ManaGlcNAcol; MsG, ManeGlcNAcol; M-.G, Man-
GlcNAcol; MG, ManeGlcNAcol; MsG, MansGlcNAcol:; MG, ManGlcNAcol;

G, GlcNAcol).
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Fig.19. Fractionation of neutral oligosaccharides of total
cellular proteins by Bio-Gel P-2 gel filtration. The neutral
oligosaccharides of total cellular proteins of the hepatocytes
which had been labeled with ®H-glucosamine (251 Ci/dish) for
1h (panel A) and 24h (panel B) were analyzed by Bio-Gel P-2

gel filtration as described in the legend of Fig.18.
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TABLE 12
Estimation of the Relative Turnover Rate of Endogenous Ligands

Compound Acid-precipitable radioactivity (dpm)
total cellular proteins endogenous ligands

%H-Leucine 4.99%x10° 3.52X10*
'*C-Leucine 3.64X%10° 1.78%x10°
“C / °H 0.73 5.06

Note. Primary cultured hepatocytes were labeled with *H-leucine
(100 Ci/dish) for 10h and then chased with unlabeled leucine. 18h
later, hepatocytes were labeled with '*C-leucine (12.5xCi/dish)
for 1h. Protein-bound radioactivity of total cellular proteins and
endogenous ligands were determined as descrobed under Materials and
Methods.
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Fig.20. Estimation of turnover rates of endogenous ligands by
chase experiments. Primary cultured hepatocytes were labeled with
*H-leucine (104 Ci/dish) for the indicated time and then chased with
unlabeled leucine. Protein-bound radioactivity of total cellular
protein (@) and endogenous ligands (O) were determined as described
under Materials and Methods. The arrorw denote the start of the chase
and the dotted lines indicated the decay of the radioactivity after
the chase.
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Fig.21. Western blot and immunodetection of endogenous ligands of
rough microsomes. Total rough microsomal proteins (1609, panel A)
and endogenous ligands isolated therefrom (51 ¢, panel B) were subjected
to polyacrylamide gel electrophoresis in 10% gels in the presence of
sodium dodecyl sulfate. Following electrophoresis, protein bands were
stained with Coomassie brilliant blue (lane a) or transferred to
nitrocellulose membranes. Transferred proteins were treated with various
specific antisera and resulting immunocomplexes were reacted with
"*[-protein A and detected by radioautography. Antisera used were
anti-rat serum (lane b), anti-rat a,-antitrypsin (lane ¢), anti-rat
@ (-acid glycoprotein (lane d), anti-rat a ,-macroglobulin (lane e),
anti-rat liver lysosomal B -glucuronidase (lane f), anti-rat serum
transferrin (lane g). and anti-rat liver 5 -nucleotidase (panel A,
lane h). In lane h of panel B, approximately 2019 of endogenous ligands,
which had been transferred to the membrane after electrophoresis, were
treated wilth the rat liver mannan-binding protein and the resulting
mannan-binding protein-endogenous ligand complexes were reacted with
anti-liver mannan-binding protein anti-IgG, followed by '25I-protein A.
and detected by radioautography.
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TABLE 13
Enzyme Profiles of Endogenous Ligands

Enzymes Bound / Total (%)

B -Glucuronidase 59.
Acid phosphatase 19.
a -Mannosidase

B -Galactosidase

B -Glucosidase

B -N-Acetylglucosaminidase
a -L-Fucosidase <0.
Arylsulfatase C <0.
Nucleoside diphosphatase
Arylacylamidase
Carboxyesterase

5 -Nucleotidase
Gal/GalNAc specific lectin

_ o oY
L1l O O ~9 OV H— M~ OV ~ —~3 W — W

R OO O O

Note. Triton X-100 extract of rough microsomes (23.3mg
protein) was applied to a Sepharose 4B-mannan-binding protein
column as described in Text. Various enzyme activities in the
pass through fraction (A) and endogenous ligand fraction (B)
was determined as described under Materials and Methods.
Bound/Total is calculated as the percentages of B/(A+B).
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Fig.22. Western blot and immunodetection of endogenous
ligands of primary cultured hepatocytes. Endogenous ligands
isolated from hepatocytes (51 9) were subjected to polyacryl-
amide gel electrophoresis in a 10% gel in the presence of
sodium dodecyl sulfate. Following electrophoresis, protein
bands were stained with Coomassie brilliant blue (lane a) or
transferred to nitrocellulose membranes. Transferred proteins
were treated with various specific antisera and resulting
immunocomplexes were reacted with '2°I-protein A and detected
by radioautography. Antisera used were anti-rat serum (lane b),
anti-rat «a .-antitrypsin (lane ¢), anti-rat a  -acid glyco-
protein (lane d), anti-rat a,-macroglobulin (lane e), anti-
rat liver lysosomal B -glucuronidase (lane f), anti-rat serunm
transferrin, and anti-rat liver 5 -nucleotidase and anti-rat
liver galactose-specific lectin (lane g). The figures to the
left refer to the molecular weight of standard proteins.
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Figgre 23.Proposed sequence for the processing of peptide-bound N-linked oligosaccharide
chains: _!, N-acetylglucosamine residues; O, mannose residues; ¥, glucose residues; @,
galactose residues: @, sialic acid residues; and A, fucose residues (Kornfeld er al., 1978).
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