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=Abstract=
Effects of Maternal Diabetes on Glycosylation in Fetal Rat Lung

Hong Hea Nam and Kim Dong Ho
Department of Anatomy, University of Ulsan College of Medicine, Asan Medical Center

This study was to investigate the effects of maternal diabetes on glycosylation in the lung of
the fetal rat using lectin histochemistry.

Maternal diabetes was induced by intraperitoneal injection of streptozotocin(75mg/kg the
body weight) into pregnant Sprague-Dawley rats on the 7th day of gestation. Fetuses of
streptozotocin-induced diabetic rats exhibited delayed lung maturation and reduced air space.
In lectin histochemistry, the binding of Maclura pemifera(MPA) to fetal lungs from diabetic
mothers was reduced, but no significant changes in the binding of Concanavalin A(ConA),
Wheat germ agglutinin(WGA)), Ricinus communis I (RCAI) and Ulex eupopaeus I(UEAI)
were noted. Because the MPA has affinity to terminal N-acetyl-D-galactosamine residues con-
stantly linked O-glycosidically to serine or threonine, the present finding may indicate that ma-
ternal diabetes interfere with the processes of O-linked glycosylation in fetal rat lung.
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1. Streptozotocin 04

A¥EEL #HZ 200~250g ]9 Sprague-
Dawley7) @) female ratZ A}&3}ch. MatingA 2
% vaginal smeard] A spermo| WAE F& YA 0
dz Aastad g 795 He g streptozotocin
(Sigma Chemical Co.)& ]3¢t} Streptozotocin
& 75mg/kg& 50mM citrate buffer(pH 4.0)0l >
intraperitoneal injectiong 3t om, 2L FF
] buffer& Foistgrh. ¥ 29F glucose analyz-
er2 rat?) blood® ZA38ta] serum glucosex| 7} 300
mg/dlo1 4l ratg A@To 2 AES T

2. Lung preparation

1) 4wty A

oAl 1993 2144 ¥& ¢ penobarbital 2 YA
3 HE 0}z A7) F cesarean sectiond 39 ¥
3 @A fetwsE A4 d FH dedd &
hypothermiadte] @ etk Ajute] decapitationdt
H 9% g9 dARYE AAd ol normal sa-
lineo) ®oh

2) BHRE A

Salineo] A 28 448 #2Q & filter paper® &
A RAA AZAD H -30ToA Y A F
isopentane & o o] A27] A7A deep freezer
o] B3 . Tissue section crystato] Al 5Sum
=42 @A poly- L-lysine® & coating%t slided)]
B YAz nadr.

3) Historesin¥ & A2

#Z%& 29% paraformaldehyde-1% glutaralde-
hyde LA A (PH 6.8) 0.8 4~8A17F 1LAFIL glyco-
methacrylate2 T ojdt % 60°C ovend A overnight
AlZ1th, Tissue section Supercut(Leica Instrument
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3. Lectin histochemistry

1) Lectins

AFo) AFE-H lectin® %9 binding specificity,
7} lectin®] inhibitor& Table 19 Y} o).

Table 1. Lectins used in this study.

Lectin Carbohydrate specificities Inhibitory sugar
Concanavalin a-D-glucose a-Methyl-D-
A(ConA) a-D-mannose mannose
Wheat germ ag-  N-acetyl-D-glucosamine ~ N-acety-D-
glutinin(WGA)  N-acelyl-neuraminic acid ~ glucosamine
Ricinus comm — p-galactose lactose
unis [(RCAI)

Mac]ura pom- N-acetyl-a-galac- menthyl-¢-D-
ifera(MPA) tosamine, u-galactose  galactosamine
Ulex cupopa

cus [{UEALD) a-L-fucose a-L-fucose

Lectin® X5 biotinylated lectin(Vector Laborato-
ries Inc.) & 7954 6.1, inhibitory sugar?] L&
0.2M, 7 lectin®} FE¥ 20ug/mliz2 A&3 9

2) Lectin staining

Slideg 0.3% H:0,8 4] 30&7 Azl PBS
(100mM phosphate buffer, ImM CaCl,, 0.9%NaCl) &
A A3 5 1% bovine serum albumin(BSA) 0. &
AAel & &4t BSAE blottingo. 2 AAS H 2z
lectin® working solution® 2 FHEo] A& g3
gomn, o o inhibitory sugarE A7}E £ lectin
solutiong wZ TSl lectin specificity® 87 %
ALEt T 4TCAA 18A1 78S overnightAlZl H

PBSZ # 44|34 avidine-biotin-complex £ .
2 6087 incubationdli, PBSE A% o 3,3-
diaminobenzidine 4HCI(DAB, 0.02%)-H.0.(0.01%)
L9032 20~3087 WA A ATt Tris buffer, PBS
a8 542 A% H hematoxylin® Z count-
erstaindte] &3 )

1) Morphometricvanalysis

olAl 219A) s M¥Ea thZT historesin EES
methylene blue2 QA3 7 24 &7 g9z 10X
2 AAs Hestd AZg HAC. Quantimet
520 Image Anlayzer(Cambridge Instrument Co.) &
o]43t bronchiolar epithelium¥} mesenchymal cell
a8l T air spaceT o] AR FE WAL AZEd A

Enkp Leg
mz z

AAAQ ¥ gL d vFol & o rate] @
7] 194#4= A& 7](canalicular stage)E YehfX
21dsl= # ¥4 (teminal sac stage)E #AT}
gxo] futd 2AY A HzA% Y @A
Hz4& #3s 2d g 19944 & AelE
Holx ¢thrt HiAy] 2194 #H dERA Y zo]
2 ek & A dz23e d2drE 84
sz & w29 bronchiolar systemg YeRlH, &
33 AT AEE Ha & o] FEHA
By, AFEY AZ2HME REHoz FALE 4
e 7hd Aldo] dol i, YWE AYHEE &
214 ¢) gland?] 243 A4S air space7t HEH
t}. Image Analyzerg o|&3tel ¥ 79 HzHZ
gty oz A&F A} Table 29 Yebi st

Table 2. Morphometry of fetal lungs of normal and diabsetic mothers.

Experimental Fetal Bronchiolar Alveolar epithelial cells Air
conditions period epithelial cells and mesenchymal cells spaces
Normal 21 4.3% 56.8% 38.2%
Diabetic 21 4.0% 74.2% 22.1%
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Table 3. Binding intensities of ConA on the fetal rat lung.

Binding sites
Experimental conditions  Fetal period  Bronchiolar epithelium(IS)  Mesenchyme(IS) Alveolar area(IS)
Normal 19 + (=) - (=) ++ (-)
21 ++ (=) + (=) ++ (-)
Diabetic 18 + (=) + (-) ++ (=)
21 ++ (=) + (=) ++ (=)
Abbreviations : +, weakly positive | + +, moderately positive . ++ +, strongly positive : —, negative : IS, sections

pretreated with inhibitory sugar.

Table 4. Binding intensities of WGA on the fetal rat lung.

Binding sites
Experimental conditions Fetal period  Bronchiolar epithelium(IS) ~ Mesenchyme(IS) Alveolar area(IS)
Normal 19 ++ (+) + (=) +++ (+)
21 A+ (+4) + (=) FH+ (+4)
Diabetic 19 ++ (++) - (=) +++  (++)
21 ++ (+) - () ++ (++)
Abbreviations | -+, weakly positive ; ++, moderately positive ; + + -+, strongly positive . —, negative : IS, sections

pretreated with inhibitory sugar.

Bronchiol & #Ala}= AT RS tall co- 3 Ax s g7 Jegdeh

lumnar2 ¥ ZdA Mz vizesgon, xx3s ConA 9] binding affinitye F 9 H2HqA &
HAE ek Zo]g HolA Yok 28y 27| ¥ o] g HolA| ¢kokow, 21U HEA 199 HE
£ gAste #¥9 HXE oA X9 mesenchy- B &9 72 AFISE #EE F AT In
mal celle] A3t HHE APTAA o w4 hibitory sugarg H#gg FENM= A ConAd
Ehgtom, mekA air spacets APFAA W& WA A{See 242% &+ A4l
HE dEgn Table 4+ Fmwo] fd 73 A3z @3
Fuel fdd 3 ALY HA AzxFE& AzAq do] WGAS ZfddE& vehlideh of
ConA & staining® ZA#E Table 39 Uey gt o inhibitory sugar2 A}&® AL N-acetyl-D-glu-
ConA 9] binding specificity & 391&t7] 93] 0.2M cosamine©] T},

9] g-D-methyl-mannose® lectind] #7}3td 2

Table 5. Binding intensities of UEAI on the fetal rat lung.

Binding sites
Experimental conditions Fetal period  Bronchiolar epithelium(IS)  Mesenchyme(IS) Alveolar area(IS)
Normal 19 + (-) - (—) - (=)
21 + (-) - (=) + (=)
Diabetic 19 + (-) - (=) + (-)
21 ) - =) - )
Abbreviations : +, weakly positive . ++, moderately positive ; ++ +, strongly positive ; —, negative : IS, sections
pretreated with inhibitory sugar.
WGA9 #2548 bronchiolar epithelium# tory sugar& A7} QL% ¢A3) blockingo] &
alveolar aread] 7% ZA{¥YE Hol A, inhibi- A 3 FAY FT AR wHgo] vERE Ao
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alveolar area® EHRL Yo AHAFEY AFH

#2 fuosedrlo] BolHoz wese Aoz A @ Byugo] ueytd oYt Inhibitory
%87 UBALY) AFREREE 5 29 Azdo]  sugar® A4S REANE AY @80 Yt

A #2% AA= Table 59} 2} o W] A& H in-
hibitory sugar+> a-L-fucose©]t}.

AANHoE UEAIY HAzZd dg AFYe ¥
o} AT 2148 ¢ bronchiolar epithelium}

Lo,
RCAI lectin®} lactose® inhibitory sugar2 3 7}4
Z lectin®] AFYAFE Table 69 e} glh

Table 6. Binding intensities of RCAI on the fetal rat lung.

Binding sites

Experimental conditions Fetal period  Bronchiolar epithelium(IS)  Mesenchyme(IS) Alveolar area(IS)
Normal 19 +++ (=) + (=) A+ (-)
21 +++ (=) ++ (=) +++ (=)
Diabetic 19 +++ (=) — (=) 4+ ++ (=)
21 +++ (=) + (-) +++ (=)
Abbreviations : +, weakly positive | + +, moderately positive : ++ +, strongly positive . —, negative : IS, sections

pretreated with inhibitory sugar.

RCAE A7) 1993 214 BREFdA a8 4
Hed AdEdA AE 24¥€e vl
bronchiolar epitheliume]i} alveolar epitheliumd]) A &
%3] luminal surfaceZ 9] ZAF-go] @AY oH,
AT 21Y EEJME mesenchymed] 7+ A&

9] ofAwt-go] vEtttl. Inhibitory sugar2 ¢3¢
AFerg-2 A blocking = 1 && #Z A

MPA lectin®} 0.2M¢} methyl-a-D-galactosamine
& inhibitory sugarg2 A}2-3 AFA7E Table 79
et

Table 6. Binding intensities of MPA on the fetal rat lung.

Binding sites

Experimental conditions Fetal period  Bronchoiolar epithelium(IS)  Mesenchyme(IS) Alveolar area(IS)
Normal 19 + (-) + (-) + (=)
21 +++ (-) + (=) 4+ (-)
Diahetic 19 + (=) - (=) - (=)
21 + (-) - (=) + (=)
Abbreviations : +, weakly posityve : + +, moderately positive | + + +, strongly positive . —,
negative ; IS, sections pretreated with inhibitory sugar.
BRATFAM A7l wE ol ydEd XL
alveolar area2 19943 BEM =g F Agule v. 1 &

& B o7} 2194 Avdd g ¢eg
guigich old Hg d¥zdMe dAwHoz 4@
¥ Wgol REFHoz JeRE B AU wE
Aole #H&AFT 4 ¢t Inhibitory sugar® A &3k
FEOA AFgEo] vaA g2 Aoz Rl
MPA¥  methyl-a-D-galactosamined|]
S F AU

specificg-&

HEHe A 8= glycoprotein®] ThAL A
Al oligosaccharide?} ¥# 5 & polypeptide?] F#
oligosaccharide side chaino] ¥ ¢34 modification
g)7] g &o]th” Glycoproteind] HAL zAUWYA
o+ (rough endoplasmic reticulum : RER) || 4] protein
of FAHAMEE AFEh. FAHE proteind
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oligosaccharide7} §-# %= Z7] FA3(initial gly-
cosylation) &4 o] ER2] luminal surfaceo] A doju}
<Yl asparagine #7192 NH,7]¢o] H3"t} sl N-
linked glycosylationo]@t H-Zt}, ERoJA] w50z
N-linked oligosaccharide® A4 ¢l ‘irimming
‘processing’ # A& AA HZE glycoproteing A3}
=t o] #4L& F=& Golgi apparatuso] 4 LA UA
g

MEANA LA N-linked oligosaccharideo))
= 24 % #57 2+, high-mannose oligosac-
charide®} complex oligosaccharideo]t}. High-man-
nose type AR sugare Hrhglel YEUA H
o] ConA lectin 3 ZA¥3lA HW, complex typed
Golgi apparatusoll A A4 29l processinge @ 23
8 terminal regiong ZFA/U} 1 side chaino] ThA]
&34 N-acetylglucosamineZ-& galactoseE ZHA
ol WGASL RCAS 9 WHg-& YehllA =Heh

9 ob#7tA 1 pathway7t 3] B2 ¢
2 & Y& glycosylation #4 o] 214, protein?
serineo]t}  threonineZt7] ¢
oligosacchiride 7} ¥ 5]+ O-linked glycosylation®]
2.7 0lt}, O-linked glycosylatione] %7] @43 3
A2 Golgi apparatus® cis sided]] 4} doj}=g],
2 N-acetylgalactosamineg 7}A A ¥o MPAE Y
lectinz} A gatA Hok*

Streptozotocing FoJste] Ralo) F=wlS &
AR Rk Hz2AE A FHY lectine g G
& % binding affinitiesE &3 W @3 BYL
m & atol& vERA 4L lecting %4 ConAgt
RCAS & # Stk F lectino] AEo|H & #:=
terminal sugars «¢-D-mannose9} F-galactoseo]™
o] %o]4& Inhibitory sugare] H7}GAA] AR
ol dojuya] @& Aow FFHgeh EF o-D-
mannose®} f-galacotoser N-linked oligosaccharide
of Z£ghth. oAl N-linked glycoproteing #ro}r}=
WGASl 44 219 ol HEie] Agutgol 7
A¥E A4S BYon N-acetylglucosamined 3
7he EEAME Whgo] vebd Aoz Hol xy
9] sialic acide] WGA7} A@3 Aoz 4Z4HE).

T dzo vt Afereol 49 i
so] yeld MPAS A9 2 N-acetyl-D-galac-

hydrosyl  groupell

tosamine® HFH =4, o] sugart O-linked glyco-
sylation #4& %8 LHPL Mt v ik
webA AFEY lectinE o] AL N-linked oligosac-
charide9} 9] Afsols ¥ AolE Holx & W
" O-linked oligosaccharide®}¢] ZA§W$& ZHAH
o] Uegtom 2 O-linked glycosylation #3% o
= dAZ A E Aol ojdx FZHE.

Lecting AM£-3F A¥E Z3lo] j-galactosed] 2
38l RCAIL type 1 pnemocyte, N-acetyl-D-ga-
lactosamine® A %3l MPAE type I pnemocyte
o Feldom w&g e Aoz deA Yk
mga AFFol vERY MPA2] vHS-ZAE type
Il pnemocyte®] & Ao} nlEsld] & Aoz
4% #5 Sith

2 A¥L streptozotocing] FAA7|E dAE R
B3l 7] W&o Deuchare] AHHY o] FHr}
maternal diabetes @E o2 fFuE Aol ojy:m
streptozotocing A HA¢ AFH7} BAIIEAE
220k 18y streptozotocing B A oA el of
A3 excretions]o] 1 AEH EdE Aele
Ya dgonz wAd fud Zuye ang ¢
A g Aoz A4,

ojigo g AuE uket o] sireptozotocin & F
e 249 Jede A #HZFdqM O-linked
oligosaccharided| ZAE 7tA%Ed, ol& type I
pneumocyted] 7] ¥} #AAF]Y] A= O-
linked glycosylation #3o] tf3l HA@u) A A3
€ ) APA|A & Aoz A4dr

2 o

Streptozotocin® & 3 EA Y Fryol gl
A £ F A3} (glycosylation) B v FF
& Gotry] Aste] Ay 1943 21449 Hx
& ConA, WGA, UEAL RCAL, MPA% 9] lectin®
2 gAstd A¥INE 2AFEE L™, image ana-
lyzerg Ab&ste] Hejatdd AZE Agsie
A ofgot A

Bla7] 21449 #)| =44 A bronchiolar epitheli-
umo] AEtE WAL FooA vEIP oy
alveolar epithelial cell®} mesenchymal cello] 2}# 3}
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A WA ekt

UM £89] lectino. 2 ZFFHMNE AF 2
3} ¢-mannose, N-acetylglucosamine, fucose, f-ga-
lactose®} 247} A3 ConA, WGA, UEAL RCAI
¢] binding affinitiese F4TH 2 o] ek
A ¢ksko Ut N-acetyl-D-galactosamined 4 3le
MPA 9] binding intensity= A# A ZaEH 4
et} o]= streptozotocin®Z FHE 2H Y Tk
Wo| #lA #H£A O-linked glycosylation#3
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