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Summary ;. This study was performed to clarify the composition of glycoproteins in
the glomerular basement membrane (GBM) isolated from streptozotocin (STZ) diabetic
rats. Four kinds of lectin were used for detection of the glycoproteins which were electro-
phoretically separated from the purified GBM.

STZ diabetic rats were induced by a single intravenous injection of STZ 65mg/kg body
weight. GBM was obtained by sonication of glomeruli isolated through the sieving method.
Glycoproteins solubilized with 8M urea from the GBM were separated by polyacrylamide
gel electrophoresis in sodium dodecyl sulfate and transferred onto nitrocellulose sheets and
polyvinylidene difluoride (PVDF) membranes. The glycoproteins were then stained im-
munochemically with four lectins. '

Staining patterns of Ricinus communis agglutinin and Phaseolus vulgaris agglutinin of
STZ diabetic rats were similar to those of normal rats. However, unlike in normal rats, in
STZ diabetic rats one major band was identified by wheat germ agglutinin and Con-
canavalin A. This band was detected at an apparent molecular weight of 60,000. The amino
acid composition of this glycoprotein, electroblotted onto PVDF membrane, was analysed
by HPLC after hydrolysis. This glycoprotein did not contain hydroxyproline or hydrox-
ylysine, which are abundant in the type IV collagen. Furthermore, the amino acid composi-
tion of this glycoprotein was different from that of known components of the GBM.
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4 RE L Bla 0ZE jZE e 3 X OYFLERBESE in K HMRiE &

il

hTED, FOWERE L L CRBREFILIzETT 5%

BRI, WA & & S BRAEMNOER  REEEE(GBM)IEE R I W TE . Lid BRIk
Z (diabetic microangiopathy) IR 5EE L Lt AN OMEE, K8, TR ELEOHEBRICRTSE
bhik), BRFEBEOTFEYEATHIEELAIE MOEEEREELZRTC LD, EEREEIER
ThH5b., TOBREL LTI, ARREENL, MEREL, FESDEREOTHELEE L LR T\ 5.



(408) H H#

Krakower & Greenspon iz & 5 GBM & D RLTH L
M, %MD GBM BEZENESITIh T, B
RREE X O'e MERF O GBM 2o\ T b £ DM
PR IR CE i b MERREBEECOWT, Lazarow
& Speidel® 1%, © MERBEARGEEC 3105
GBM 07 3 /% X OBEHBABE A LEERI R
Z &b, GBM IBEORAEBF & IEFBRHS OHtst
N X % & JWc#ies L. Beisswenger & Spiro?
3, b bERREBRETEAMFrF IOV, Sz

—ABIVOFZ 7 b —ABEOLRENRADLRICE ).

Kefalides?lt, v A5 v & v 7 AVBROBRLEERCE T
RDIH, Frva—REHT 7 b —ABECIE{ LI
MolctHELTV5. A, ERERKES v + 0
GBM d#EIC L - TRKEL BioTWBI®, DFD,
PR R BREBELIEIC 2 B b GBM BEE D A {b225)
BRIV, ERM— L RBIELhTwin
Wekwnz b,

V7 F VIR, REEORESEEEICR L ORI ST
PEABTHA. BT TEY, BWE X OBEy)
LEBEOSDOBHEEEINTED, ThbOEEEHE
o IR Lo b 5 MIRRREE S EE 0B
P X OHifasE DR e KB S FIA S T 5919,

o TEHEEET, APV v (STDERR
Zy PREELCGBM #FERL, ToBEERBERL YV
7 F vREI L HEIIKENE CHENT 5 Z LI X W BR
FREEBMIT A >N 5 GBM IEEDRER 8 L.

il pry

1. STZ¥ERHEZ v b OIER

R T v MY, T 12 KA 2 Tk 8 81
(fkE 220~250g) D Wistar AT v b iz, &8 T 65mg
/kgi@ile % X 5 5mM 7 = v ER#E B (pH4.2)0.5ml 1z
R L 7= STZ(streptozotocin, FIYGHiZR T 2) % Ik
P BEEEALTCER L. STZHEHEAT v bR, 24 KHE
Ho MBEMEA 350mg/dl L ERR LS v + 2FATE
ToOERIEL, WRIZIX0.5ml O 27 = v EREER O S
BREEIRAEA L 7= FE# D Wistar REEZ » P ZH
7o, STZ B E5FER L OSBRSS » bXF YV =v 2L MF
B () = v 2 VEERR TEAED L KEKE B HEIC
B X .

2. #®AEA

2:BEBICE, RE, O RESICREAZEE
L., MERLIOREES va—2tFo &8 —¥EE R
EH 3 BCAZEHAEEARHE(Pierce Chemical £-54) %
BWTHIE L. &bk, 1 #H4EBUN, IE7 v 7

VS

F=v, BEQ, MBE7A+TIV, BavATFe—L1E
IOV 70w A F AL E B S HTE(TBAGOS,
FZHED CRIE Ule. R 24 RFREIR, MWK
BRI Lc b D& Ve,

3. GBM @l e iaft

(1) GBM D55l

STZYERE T v b BLIOHRBT » X, ThTh3
A& L0067 Bkic 10 3 oBR L . B ABIRIC »
T =T AEHBAL MK EHFRRL, SEAEKCELE
WLiOb B REE L. HMELEELLBEREY
SHEELTH 1 mm AT Li-0b, Spiro D HEWIIC
¥ U sieving method TEAREZEBEL 7. sieving
method WA Lics %\ (ELHEEFTERL, #5 3
H A0 EE)D T v b izi® 60, 100 38X 08200 £ v &
2, 6 HABG2BEYDT v FITIL 60, 83 5 L U166 »
vy aDEDTHB. 20055\IL166 £ v aDsDb
W BIRE o TR BR G B A AR T L,
1.OM NaCl #E T LT + — v kicdEdic. ¥ ifik
EEMWEE TRIRELSN OBE I L RHER L T
B, WBEWHEDF A ¥ —Model US-50, Hi77 50 W,
HAKSEBLEITED I X S AE Y 10 SHERKL <
GBM #RH L. FOMMHEEEBE cEREMUN DM
RS NEECREIRICOERHER L ThrD, Bbht
GBM % #BACHE LI0D, WHERLTRELK
(Fig. 1). .

ok, MELLBO—HIE, 10% 1<) v TEE
%, T 74 VEEEE dum YL, Periodic acid-
Schiff(PAS)Ra 21T o fe. ¥ B OBRs—I &
BE L7 GBM 0—#B1%, 2.5% 7 A& —AT AT
&1 %EERMbA 2 3 v A CEES, =RVEEL CEE
YR 2ERL, BiRY 7= 2t 7=Vt 58
Yuta i 10 5B E TS JEM-1200EX, HAEFH)
THELL. LB LT GBM O—IkA + v A8
y 8 TEEa—T 4 v Uik, EERETEMSE(S-
800, HIZEMERTED) CHEZE L.

(2) GBM ow"®1k

STZ B ERER I ORBEES v + © GBM it, BASHE
ESERAEH (25mM EDTA, 10mM N-=F <1 A4 3 F,
ImM RV X7 3 2 VERE, ImM 7 vy{t7 = =12 5
NANT x = A)EETs 8 MIRE, 50mM b ) REEFERRE
EW(PHS.6)% 1 ml 3ohnk, 4°CT24BEREERL T
TEAL g, D IFDORERK % 18,000rpm T 15 4
EOE, BBV T GBM B L Lic. STZ#5
Bk X O REED B b hic GBM B #EHBE R
1 mg/ml iz % X 51 8 M/RSR, 50mM bV A¥ETEKE



APV VRIS v P OBARBREEERIC B A EERAMEKOSN | v 7 FVIC L BENT

B (PHS.E) &N 2 THRB L, LBEOERITHL .

4. WEERRZODH

(1) SDS-HKV 72797 3 Fryr LrBEREKE (sodium
dodesylsulfate-polyacrylamide gel
SDS-PAGE)

BEHBE % 1 mg/ml cFAH L GBM BRI, 8
MR, 1%SDS, 1%2-Arh 7 =87 —A&EL
0.1 MV vEig@E® (pH7.2) »% &M%, 100C T3 57N
AL CkB BRI, SDS-PAGE 1%, F#kic
SDS-HKV 72797 3IFFrArFrv—bQ0R%H— 1,
EX1mm, F—bFHE), kBABEEHKIZ0.1%
SDS, 0.192M 7V v veE5mM + U 2 EEREERK
(H 8DEFANT, ‘&2 = b7 b Tul DK% SDS-
RYT727YV07 3 FAAMCERML, 2R T60mA % 120
SPBELCER L. B TE~—2» -39 FE
17,000, 27,000, 39,000, 50,000, 75,000 % X ©* 130,000
D 6 D Pre-stained SDS-PAGE standards(Bio-Rad
HED E AT,

CBEERD =+ v r — A(NCOEADIEE(West-
ern blotting)

Towbin et al'?DFH kI U T SDS-PAGE # D
A% NC BE@EF 0.454m, Advantec £H8) 10875 X %,

P VAT ey T v 7 EEAESS0 B, Atto HED%
Fus, 4°C, 35 VT 180 4#%E L, Western blotting %
EhtLic. BERBEKICIZ0.192M27 Y > v, 20 %2
£ 7 — &7 25mM b ) R IEEEREE R (pHS.) %
7o,

(3) vz vy

NCEoREFER Lic ABEO v 7 Vi, IER
Fer2s2FVv(WGA), 2FF R =X s VI FV
(ConA), == 21275 vRCA-120B L7 H 1V
Fv=r e vy v(PHA-EDD SN ¥ 2 — ¥ 1EH
V7 v BFEHBMEEDTHL. FvrF v OREE
Table 1IRT. &V 27 FVIETHETRELROEEMN
S5ug/ml & 7% X 51z, 1mM CaCl,, ImM MgCl,, 0.9 %
NaCl &% 50mM b ) A EEREEK H 7.0 THRL,
LIFOFIET NC BEx Rt L iz,

Western blotting #& 7%, SDS #E&%E3 % iz NC
[EE% 0.99% NaCl, 0.05% Tween 20 &7 10mM + V xi&
BRER (H 7.0 T 1310 4, 3ERELEE Lic. oF
v 7 FYERTNCEEZE Y, FiR T 3045 KIN%,
0.05% Tween 20 €74 10mM V) vEAREE W (pH 7.4)T
1[E 54, 6EIRES S L. oW THEE I DABBK
(0.5 mg/ml 3,3’-diaminobezidine tetrahydrochloride,
0.005 % H,0,47% V vEREE W, pH 7.2) %\ CT=iE,

electrophoresis,

(409)

Rat renal cortex

!
Filter through 60 and 100 (or 83) mesh sieve
|
! 1
unfiltered filtered
!
Filter through 200 (or 166) mesh sieve
{
! 1
unfiltered filtered

centrifuge at 800rpm for 5min.

Collect in 1. 0M NaCl
!

Sonicate for 10min.

centrifuge at 3,000rpm for 10min.

supernatant sediment
\

Wash for 2 times with 1.0M NaCl
Wash for 3 times with H,O
!
GBM

Fig. 1. Method of preparation of the GBM.

Table 1. Lectins used for the staining of
transferred glycoproteins

Lectin abbreviation ~ sugar specificity

WGA GIcNAcp1—4GIcNAc
ConA «-D-Man, «-D-Glc
RCA-120 B-D-Gal
PHA-E, GalNAc

Triticum vulgaris
Concanavalia ensiformis

Ricinus communis
Phaseolus vulgaris E

GlcNAc: N-acetyl-D-Glucosamine, Man : Mannose,
Glc: Glucose, GalNAc: N-acetyl-D-Galactosamine,
Gal : Galactose.
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VS
for lectin staining
0 l@
= i = | PVDF membrane
= — R R 60k
- . —
® ® for amino acid analysis

Fig. 2. Diagram showing how the PVDF.membrane
was cut into 5 pieces.

Three pieces of the cut PVDF membrane
were used for lectin staining (@, @, @), and
the other two pieces were used for amino acid
analysis of glycoproteins (@, ®).
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Table 2. Laboratory data in normal and STZ diabetic rats
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before 3 months 6 months
Item ' control STZ control STZ
(m=20) (n=10) (n=10) (n=10) (n=10)
Body weight (g) | 235+28.4| 512+76.5 280+52.3** 580+72.0 267+39.8**
Kidney weight (g)| 3.0£0.18| 3.8+0.23 4.0%0.26* 4.0+0.30 4.440.32*
Urine
Volume (ml/day) 12£2.5 12+1.7 153£21.4** 14+3.3 178+36.5**
Protein (mg/day) | 10.5+£2.3 |10.2+1.9 16.5+3.2 ** |11.3+3.1 23.5+6.7 **
Sugar (g/day) | 0.2£0.05| 0.1%£0.05 3.1%0.8 ** 0.2+0.08 4.8+1.2 **
Blood chemistry
Sugar (mg/dD) | 162+25.4 | 190+30.6 57495.5%* 220+36.5 623+106 **
Total protein (g/dD) | 6.5+0.19| 6.4+0.21 5.7+0.30** 6.5+0.20 5.6+0.57**
Albumin (g/dl) | 3.5%0.22 | 3.5%0.19 3.3+0.41* 3.6%20.22 3.1£0.45%*
Serum creatinine (mg/dD | 0.34+0.07 { 0.31£0.06 0.33%0.05 0.40%0.09 0.25=+0.10
BUN (mg/dl) | 25.4+2.52 | 24.3+£2.09 30.8=+6.20* 25.3+£2.22 32.8+7.43**
Cholesterol (mg/dD) | 48.5+5.38 | 51.2+6.07 67.3+17.5* 48.6+5.79 76.9+14.0*
Triglyceride (mg/dD) | 68.5+21.9 | 54.3+£18.2 201+36.2** |69.4+15.3 167+37.5%*

mean+S.D., *p<0.01, ** p<0.001, compared with the control rats.

0 3 =

Fig. 3. Light microscopic findings of glomeruli.

There are no remarkable changes in the glomerulus of control rats (Al; 3
months, A2 ; 6 months). Three months after having received STZ, mild mesangial

enlargement is found in the glomerulus of STZ diabetic rat(B1).

Further, 6

months after having received STZ, mild mesangial enlargement, thickening of
basement membrane and hyaline arteriosclerosis are found in the glomerulus of
STZ diabetic rat(B2). PAS, X 200.
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Fig. 4. Electron micrograph of the GBM in STZ diabetic rat and in control rat.
Note the thickening of the GBM in STZ diabetic rats, both 3 and 6 months after
having received STZ (B1 and B2). The epithelial cell covering thickened GBM shows
foot process effacement (B2). (Al ; 3 months’ control rat, A2 ; 6 months’ control rat)

X 4,500.
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WL TERCHEML T STZEEHO M) 7 ) 25
AN, STZHE 3 » A% 201+36.2mg/dl, 6 » At
167£37.5mg/dl TH b, HEEOLhLh 54.3£18.2
mg/dl, 69.4%+15.3mg/dl L CEEDOSMELXRL
fo.
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STZ #4565 Atk | EEGE T, WREEL TR F
EEDO AV V¥ afiks GBM BENED bR, &b
IR % Al & U fREFBE SRS & OV 2 v F ¥ A IRICHY
TRWE OIS MERE I hic. STZHE 6 » BB OEE
B, #5535 A% L T GBM EEIREE Y,
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2. GBM #E5Y
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L, BohBHEY 458 1L T GBM 0B# %7k
fo. LicdioT, SEOERTIE, 3»A%KE 61K
DRI & 10 WEH 4 O BR BT > T3 DT,
sieving method #FF 16 EIEB L &icinsd. Lo,
Z 0 16 EOELEFR, TR OBA & M HZEESSIC X 5
BRTHEDORICD XN 2B TH otz TD 2 HE
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Fig. 5. Scanning electron micrograph showing isolated GBM of
STZ diabetic rats (6 months after having received STZ).
Epithelial cells are removed by sonication. X 7,500.

6

microgr
betic rats (6 months after having received STZ).
Cell components do not exist. X 7,500.
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WGA

3 months 6 months
Ccontrol STZ Control STZ

g2

130k - 130k -

75k~ 75k —

60k

50k~ 50k—

Glycoproteins separated by SDS-PAGE were blotted onto a
nitrocellulose sheet-and were stained with WGA. One band which
is not present in control rats, is observed at an apparent molecular
weight of 60,000 in STZ diabetic rats, both 3 and 6 months after
having received STZ (arrow).

WGA
3 months 6 months

60K 60K 60K 60K

. E 3 -
130K 75K 1 50K 130K 75K ! 50K 130K 75K | 50K 130K 75K | 50K

VPO W Lo
- + - +

control STZ control STZ

Fig. 8. Densitograms of WGA-binding patterns.
One peak which is not present in control rats, is identified at a
molecular weight of 60,000 in STZ diabetic rats, both 3 and 6 months
after having received STZ.
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ConA

3 months 6 months
Ccontrol STZ Control ST

L
o

60k <60k

Fig. 9. ConA-binding patterns of glycoproteins purified from the GBM.
One band which is not present in control rats, is observed at an
apparent molecular weight of 60,000 in STZ diabetic rats, both 3
and 6 months after having received STZ(arrow).

i
i
{
i

ConA
3 months 6 months
60K 60K 60K
b e < ¥
| | | '
130K 75K 150K 130K 75K | 50K 130K 75K | 50K 130K 75K [|50K
: i
1l 1
] 1
; i
- + - + - + - +
control STZ control STZ
Fig. 10. Densitograms of ConA-binding patterns. ;
One peak which is not present in control rats, is identified at a '
molecular weight of 60,000 in STZ diabetic rats, both 3 and 6 months |
after having received STZ.
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RCA-120

3 months 6 months
Ccontrol STZ Control  STZ

130k -
15k -

50k -

Fig. 11. RCA-120-binding patterns of glycoproteins purified from
the GBM.

There anr no differences in staining patterns between

STZ diabetic rats and control rats during the period of

this study.
RCA-120
3 months 6 months
136K 75K 50K 130K 75K 50K 130K 75K 50K 130K 75K 50K
—~ + - + - + - +
control STZ control STZ

Fig. 12. Densitograms of RCA-120-binding patterns.
There are no differences between STZ diabetic rats and control
rats during the period of this study.
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PHA-E,

3 months 6 months
Ccontrol STZ Control STZ

Fig. 13. PHA-E,-binding patterns of glycoproteins purified from
the GBM.

There are no differences in staining patterns between

STZ diabetic rats and control rats during the period of

this study.
PHA-E,
3 months 6 months
130K 75K 50K 130K 130K 75K 50K 130K 75K 50K
control STZ control STZ

Fig. 14. Densitograms of PHA-E,-binding patterns.

There are no differences in staining patterns between STZ diabetic
rats and control rats during the period of this study. No peak is
observed at a molecular weight of 60,000 in either STZ diabetic or
control rats.
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Fig. 15. Amino acid chromatogram of the glycoprotein, which was extracted from
the band of the molecular weight of 60,000 in STZ diabetic rats (6 months

after having received STZ).

Amino acids were eluted with a linear acetonitrile gradient in 50 mM
acetate buffer at a flow rate of 1.0 ml/min at 40C with HPLC and monitored

at Azssm.

Table 3. Amino acid composition of the glyco-
protein, which was extracted from the band
of the molecular weight of 60,000 in STZ
diabetic rats (6 months after having
received STZ)

Amino acid mol. %
Aspartic acid 7.11
Glutamic acid 11.71
Hydroxyproline 0.33
Serine 9.22
Glycine 10.28
Histidine 1.66
Arginine 5.44
Threonine 6.30
Alanine 6.43
Proline 11.73
Tyrosine 3.16
Valine 5.06
Methionine 4.60
Isoleucine 3.66
Leucine 7.75
Phenylalanine 1.85
Hydroxylysine n.d.
Lysine 3.74

n. d.: not detectable.
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V1% 0.33 EARDIELEE, A~ Ve ) o v IR
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