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Abstract : The aim of this study was to evaluate the clinical usefulness of polya-
crylamide gel electrophoresis, followed by reaction with peroxidase-coupled lectins using
urinary glycoproteins in 20 patients with diabetic nephropathy. After SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), high performance lectin affinity chromatography
(HPLAC) and immunoblotting of urinary glycoproteins with a;-acid glycoprotein (a;-AG)
and a;-microglobulin (a;-MG) were performed.

The lectins used were derived from Triticum vulgaris (WGA)D, Phaseolus vulgaris (PHA
-E.), Dolichos biflorus (DBA) and Lens culinaris (LCA), which had a high affinity for g1
— 4 N-acetyl-D-gulcosamine (GlcNAcB 1 — 4 GlcNAc), N-acetyl-D-galactosamine (Gal-
NAc), a-galactosamine (a-GalNAc) and a-mannose (a-Man) residues, respectively.

Electrophoretic patterns of urinary glycoproteins clearly showed the presence of lectin-
reactive glycoproteins with molecular weights lower than that of albumin. The molecular
weights of the main bands that reacted with WGA, namely PHA-E, and LCA, were
respectively 50,000 and 38,000 daltons, and increased with the progression of diabetic
nephropathy.

WGA reacted strongly with many glycoproteins having a wide range of molecular
weights. LCA and PHA-E, reacted preferentially with glycoproteins of molecular weight
lower than 50,000 daltons, but with DBA no reaction was observed.

These results suggest that low molecular-weight glycoproteins that are observed in the
urine of patients with diabetic nephropathy have abundant carbohydrate residues such as
GIcNAc 51— 4 GlcNAc, GalNAc and «-Man, and include &;-AG and a,-MG.

The excretion of low-molecular-weight glycoproteins with high affinities for some
lectins suggests organic impairment in diabetic nephropathy.
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Fig. 1. Analytical methods.



(674) th =3

(3) SDS-PAGE

0pl DBRFMEER B 5\ 135 B I E % 1% 2- mer-
captoethanol & 1% SDS #&%& 3% 10 ul ® 8 M JR%&
BRELEBEFML T, 65CT305MH, HEL CEAE®EH
2, KEARE & Lic. TR, 4~14 BIRE AR
AVT727IATIFFA(AT7 78] EX 1mm)%, kB
ARERCX0.1%SDSEF0.1M Y vBREHK
(PBS)(pH 7.2) & A\ 7210, RPN IIEHE R 5 ng/ul
CHELRYE, 10 ul ORI R BESE 7 L ICh
MU CERET60mV, 15K E L Fig. 1).

4) v=rgvTroTa v Ik

FROBKKEIE, PSS vATry T4 v IEE
(AE 3280 !, 7 + —#) %\~ 5 Towbin et al.'V Dk
CHT, BHEAF T ¥ A% 045 mD=Frekin—
ABENCE ; 7FAv T v 7D BEE IR CBRAE
FEE L. BEARERCE25mM F Y X, 192mM
7Yy, 20%4%7—n(@H8.3DEH, 4C, 35V
TARHMBE L. &5, NCKo SDS ZkET 517
¥, 0.9% NaCl, 0.05% Tween20&%H 10mM + J &
BEEREER (PH 7.4) T 10 SH oRR ciRBEE S % 3 B
RE L.

() vzrzFvie

PEGHE SR DRI DV A v £ —CEBH LV 7 5
vELT, MNERFV 77 v (WGA, BERME), 72
A vy v=rv 75 v(PHA-E, BFEEMHE), FVYax
~ AV 27 v(DBA, BEHEBE IO v vy A=AV 2
F v (LCA, BEEMH) % H\ 7= (Table 1). &EENS
pg/mlicizsd X 5y 7 v aEME L7 1 mM CaCl,
1mM MgCl,, 0.9 % NaCl fn 50 mM Tris-HCl 2K
MHT7.HTNCEXE\, ER T30 FHEI - 2
W, 0.9 % NaCl, 0.05% Tween2047%46 0.01M V v
BigE R (PBS) T 5 SR 0B RmikBER % 6 BRHE
L. “xFv 8 —ERIGOEB A 0.3% 4-
chloro-1-naphthol ® » % / — A %W & 0.018 % H,0,
%6 0.1M PBS 0EABK( 5 TNCELE, £
5T 5 AHRE L KK T NCERXEE L, RKIGE
ElEdel. NCEOUBBREELICEERKY L, R

- S

7 m< b AF v F—Model CS-920, BEEBLIERT) T
K 680nm OREEIL X HZBESHEHUE L. kB5TF
B~ -5 - &ikyg FE17,000, 27,000, 39,000,
50,000, 75,000 ¥ X ©*130,000 @ 6 EEH D Pre-stained
SDS-PAGE standards(Bio-Rad #, USA) % L 7.

(6) HPLAC

BHEER LR 50 ul 7 v — kb v 7 7 4 v (Phar-
macia Fine Chemicals #, Sweden)0.5 ml K& &
77 s vEhREL, WGARIVOLCAKEES 7 &
(4.6 mme X150 mm, BEEMHHE) DX ricERZFh 10
pl ORREHEIML, HPLACGRE 0.5 ml/min, Z#7iRE
E2BCI)%ERLL. WGA » 7 2 TIXAKGOmM +

SDS-PAGE

4~14% gradient polyacrylamide
slab gel

Transblotting

transferred to NC sheets
at 35V, 4C for 4h.

| First antibody | (rabbit)

@,-acid glycoprotein or
@ -microglobulin at 25C, 1h

[Biotinated second antibody | (goat)
25C, 30min.

l Avidin-biotin complex reagent I

25C, 30min.

\ Det:action

reacted with 4-chloro-1-naphthol
for 10min.

Fig. 2. Immunoblotting procedure of urinary glyco-
proteins from diabetic patients.

Table 1. Lectin used in this study

Lectin Source

Sugar specificity

WGA Trithcum vulgaris

PHA-E, Phaseolus vulgaris
DBA Dolichos biflorus
LCA Lens culinaris

B 1— 4 N-acetyl-D-Glucosamine
Sialic acid

bisecting N-acetyl-D-Galactosamine
a-N-acetyl-D-Galactosamine
a-D-Mannose> a-D-Glucose

Fucose
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Fig. 4. Densitograms of western blot for urinary glycoproteins at 680 nm after staining with HRP-WGA.

Each group is same as described in Fig. 3.
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Fig. 6. Densitograms of western blot for urinary glycoproteins at 680 nm after staining with HRP-PHA-E,.

Each group is same as described in Fig. 5.
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Fig. 3. Western blot analysis of urinary glycoproteins from diabetic patients. Each
glycoprotein on SDS-polyacrylamide gels was electrophoretically transferred to a
NC sheet and detected with HRP-WGA. D-II represents urine from grade II
diabetic nephropthy ; D-1, gradel ; D-0, grade 0; N, normal control. Serum
represents 20-fold diluted serum of normal control subjects. Molecular weight
standards (Mr=130,000, 75,000, 50,000, 39,000, 27,000 and 17,000, in this order
from the top).

Fig. 5. Western blot analysis of urinary glycoproteins from diabetic patients. FEach
glycoprotein on SDS-polyacrylamide gels was electrophoretically transferred to a
NC sheet and detected with HRP-PHA-E,. All conditions are same as Fig. 3.
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Fig. 7. Western blot analysis of urinary glycoproteins from diabetic patients. Each
glycoprotein on SDS-polyacrylamide gels was electrophoretically transferred
to a NC sheet and detected with HRP-LCA. All samples applied are same as

Fig. 3.
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Fig. 10. Immuno-detection of a;-acid glycoprotein in

urinary glycoproteins from diabetic patients.
lane 1; urinary sulfosalicylic acid soluble
mucoprotein, lane 2; control serum, lane 3;
urinary glycoprotein from gradell diabetic
nephropathy, lane 4 ; fraction eluted at7.5
min by WGA column, lane 5 ; fraction eluted
at 6.5 mim by LCA column.

Fig. 11. Immuno-detection of a;-microglobulin in

urinary glycoproteins from diabetic patients.
All conditions are same as Fig.10. lanel;
control serum, lane 2 ; urinary glycoprotein
from gradell diabetic nephropathy, lane 3;
fraction eluted at 7.5 min by WGA column,
lane 4; fraction eluted at6.5min by LCA
column.
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Fig. 8. Densitograms of western blot for urinary glycoproteins at 680 nm after staining with HRP-LCA.

Each group is same as described in Fig. 6.
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Fig. 9. Chromatograms of HPLAC for urinary glyco-
proteins from diabetic patients at 280 nm. D
-1I represents urine from grade II diabetic
nephropathy ; N, normal control. HPLAC
was performed using two lectin conjugated
columns, LA-WGA and LA-LCA, and glyco-
proteins were eluted with a linear gradient of
200 mM GluNAc or 200mM «-MM (B: da-
shed line) respectively, in 50 mM Tris-H,SO,
buffer (A). Arrows indicate the fraction
eluted by LA-WGA at7.5min and by LA
-LCA at 6.5 min, respectively.
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Table 2. Low molecular proteins in human serum

Protein M.W. CHO (%) mg%
post-y-globulin 11,500 0 trace
f3,-microglobulin 11,800 0 0.15
lysonzyme 14,600 0 1.0
retinol-binding protein 21,000 0 4.5
L-chain 22,000 0 trace

a;-microglobulin
B.~glycoprotein III
B.-glycoprotein I
Zn-a,-glycoprotein
Vitamin D-bindng protein
a,-acid glycoprotein

a, HS-glycoprotein

33,000 21.8 1.5
35,000 10.0 10
40,000 18.8 20 .
41,000 18.2 5
41,000 4.2 40
44,100 37.9 90
49,000 13.4 60
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