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ABSTRACT

This study analysed the transport properties of bladder mucosa known as the typical
system of “tight epithelia” by using TEM observation with both rapid freeze-fracture elec-
tron microscopy and thin-section method and mainly analysed the cellular characteristics
of turtle bladder epithelial cells.

The bladder epithelium, like other tight epithelia, consists of a heterogenous population
of cells, The majority of the mucosal cells are the granular cells and may function prim-
arily in the process of active Na* reabsorption in turtle bladder. The remaining two types
of cells are rich in mitochondria and is believed to be res-ponsible for a single major tran-
sport system, namely, H* transport by A-type of cell and urinary HCO;  secretion by B-
type of cell.

As viewed in freeze-fracture electron micrograph, the tight junctions form a continuous
tight seal around the epithelial cells, thus restricting diffusion in tight epithelia. In add-
ition, the apical surface membranes have a population of rod-shaped intramembranous
_particles (IMPs). It is believed that these IMPs probably represent the components of the
‘proton pump. However, it is likely that these characteristics of the apical transporter re-
main to be clarified in tight epithelial cells.
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Tight epithelia®] ¢4 Ao g ALy A=
A 10499 §¢ F2 77 (skin) @ AT (renal
epithelia)o| A} Fd9|stA dF=Aet. &3] whgAde
A9} (bladder mucosa): tight epitheliad® A4
Q) ZEAEZA toadut turtleel A 7Hg who] 739
ooy (Asher ef al., 1988; Wade & Kachadorian,
1988; Brem ef al., 1989; Jeon, 1990, 1993), o|&
A ede] #4 9 o8 7kA] AL 4 oAV F
ATFE F4AEA 2 A A7 I Tl
F5AEY T2 A3 7ol AEe FAAG
W (freeze-fracture technique)S FH&3}D a4 AE
ote] 4 EAE QA #2F  3l2n (Rash and
Hudson, 1979; Steinmetz and Stetson, 1986;
Hui, 1989; Jeon, 1989, 1992), A Zute] 24 3
EAE 235 YA A 27} o uh3& Jehi
M $AEEEY a4 A7 e 54
Z3EAL ouabain, amiloride, forskolin, phorbol
ester $°] 92 (Garty & Benos, 1988; Schaerer
et al., 1991), Ix}el] AFMEY $£5EL oJB7HA] 2
22 oste] S e (Wade, 1989; Wade &
Kachadorian, 1988; Brem ef al., 1989, 1991). o]
o} 72 FEzAEA A9 tight celle] F4A4 9
AT 4481 Al 24 w52 2rHoz A
gro] F83 A4S 32 .

£ d7elA FH3l: tight epithelia®] 534 9]
dFelM AR o AAHe]R FA7|He] A4
g5 el 53| £4e 729 JeEME 4 F
A3 dFedelsin & 4 gtk weby 2 QoM
A< tight epithelia®l AEZERE FA 317 Sl
A dEdof g AErHH AFEe EE AEY
249y ¢ ¥2024E AHEdd w4 5AS 9
oapaia stgdem, yeprbi: forskolin A} gt
AR XS £ 2AL A2Hs4a A3 A A
wostnA st

Mz P uky

2 Ao ME= A3 A4 tight epithelia®] T Aba] 2

A Turtled] ¥r&A 7 (bladder mucosa)d AEZA
Abgatglen], EdAo] Yeoerz Aw2%E chamber
ke I ARG S A4ste] AulAxe Ay
248 ¥ F45482 $HAEE sy, A
A F FHAAAHu| A2 A FHPRE R2e
o, oo FAADYL MEzxe FaIFE
FAgte e 2U4 oz NEY 5429 AT
9] el H1 gl
AR FAYDYS A8 Best 2ol Ssleh Us
sing chamber WA A8E AT (2.5% glutar-
aldehyde in 0.1 M cacodylate buffer, pH 7.4),
15~30% 3% F Cacodylate buffers] @] overni-
ght A7 25% glycerol®4] 247} cryoprotect 3
g ¥, A ABE wax plateel4] A F gold
hatsslol 87 ¥ o34 Abate AR FA9 4
& AASES. 2 F forcepS A8l freon 129
102 3 4 FZA F, A4 N, (-196°C)alA
specimen holdere] R #3437} vacuum chamber
(=110°C) WellM 102 ¥ T2 o 3 F
A 89 replicationd $3}e platinum (Pt)3} carbon
(C) replicas® wHEYLn, ol electron guny
Pt/C rod¥ 45°/90° & A8l Pt density: 22.0
(rangex1: 3.2nm~5.0nm)$} C9 density:= 2.0
(range x10: 4.0nm~5.0nm)2.2 coation3}tgct. Al
H29 replica MAHE A3 ¥ grido] $AM TEM
#R-Z 3o

TE5TAESD replicadhs 8] 49 ARE A
A @3 AN 27 E9 replica] & A4
st AEZENS PGS $2929 AR E
replica¥] S 93ld A2 2.5% glutaraldehyded] 15
+ A3 FH42 IHE DDT (5 mM)E 108 %
ok AlFs . HEZxAE MAsld o3x] 9o 2
15% methanol (1&£)& A}43}ed cryoprotectx 8 E
g F aluminum disc$lel %7 Gentleman Jim A
2 #% $4ANF F vacuum chamber (—90°C)e} 4
o] 458 FoF FAZAR AT, F2AA replicad] A9
7ol platinum3} cabonZ% 4P 2od electron gund)
Pt/C rod¥ 75°/35° 2 3997}, ¥ replica: 433}
AL AA BRsgon, o Wy oA eEA
of o3 MEotEe] FA4E FAeted &gyl
3 4 oo olsiz v S AEeta Add A7
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AEe B9 842AM £3] Aay e Al
=5 veble el deide A 7yl a7Hx
k. 2 gl & AfeME BAAQ AR 233 &
T 4 Zojgd zAHA4 g dARY S AX o
AR %39 AEnHFEE TEMOZ #a3slgc)

3

£ AgAN #2g wdge 493 A F79
F8 HNEZ FAEHA o] F MEE tight epltheha«] T
$%e2AM 9%E #4832 Stk Fig. 13 Fig. 294
s} o] HYFYA X (granular cell)= HU4FEwiz e o
RS Ay AR EA e FFHE HYPo] E
Aot H49 271 o 0.3~0.5 pmeolw i Fo=
AALE7} o4 & Ao vehgon Ad HEEg
o WA A2 ¢RIt WigEo] gt 7YY =
¢ Holt: Arlgl AZE o 10% WIS Afdl=
He2 ¥y (Fig. 2, A), EFFH ujA-g=27} v
d5o] X, B MEE FAA vidy wA§E
7k dler (Fig. 1, B), o|& ¥ %9 AZoA:= AE
A Ao AA nEEsobrl TG Aoz HAHY
o

Ao FARDY gspd AvAEY JAFRE
A es AR 4 glem £4AEY 753 gAS
He Al S F7eted Edded, $4d4dg ¥
FAAE Y BAd A= tight epithelia®] M EFA
7Hed M F23 8401 HE AEZ AR (unct-
g3 YehlEct (Fig. 3). AZL
A2l AnAA (tight junction)-L AF=|44-9] barrier
2A8 9%S s AxRY FAE FAHF T
o]9}zto] tight epitheliaol4] AXAH L AFH £ &
w Jlrtele] AE FHE A3 e FRE Moy
QA= M 2g FAF o] gl (Fig. 4, arrowheads).
£ dFelM F4 FAAN MEZRAS Adksig AT
= T URe AagAdA ReEe "—}LH‘W xZHd
olw] MEA] A3 wo| vehl: AL protoplasmic
face (PF)2t3 3ie], Al2utel At o] Vel 95
HE exterior face (EF)2}x &t} (Branton, 1975).
ARAAL 2 TR} AEAC A3 o) sealing
strandsEA #HAEHY (Fig. 5, PF), o] FZe 9ste]

ional complex)Z&

AZATE B8 A g o) 52

Aoz R} (Fig. 6).

F454 Al dsbd AxTe] @2 YAt =
25T (Fig. 7) °] 943 Ax=s 745 A2
Ao Fxae A Y 4A (intramembranous
particle, IMP)2A] A5t £ AN FA-Y
9] replica AdA FAHE A E F2 F 714 &
Qe AIA Zol| M AEA W P faced] FHe] B3
HI ek ol¢gh 2L A ldAe S5l 5
3] o} FAAHG AT FA} e Ao Holn A
@ w3 7)A & M EHe| A pinocytotic vesicles©)
AHe JehlT o (Fig. 8). $AAZAZ Ed
replica AojA] HAE ulGAtal= T E A2 FoeoA
Zt A Ed 5 BAol £ e AL RoFn (Fig.
9), °l¢ ZL FE: AX v Edo =& O9F
ZA filamentous glycocalyxel |FHE Aoz 234
g 53] vAFE A FEdMe A& wdEe) AEE
He 9T A Az AErsed Bad F4H8L
7F H3 9l

48] A= e

LI

Ade £B 9 AEZAH7)#%92 A amphibian skin
o]y} urinary bladder: hEHQ tight epitheliaZAl
Edde] gomz AA WA 42 oo 47 &
Fx02 o] 45 (Nagel and Dorge, 1970; Lewis
and Diamond, 1976; Foskett and Ussing, 1986;
Larsen et ai., 1987), AX% FEol7z9 #H3}9) ¢4
249 ARJA S T3 2T A E4o] g
dutd e QoA TE DA s o] Bakd AL THS
vetl i glen A7 el A714 Ay 2]
e} 24 B2 v A 2 sh)e A2 2
wol 100 ohm-cm?® ¢]u]l leaky epitheliac]® A7}
o N1FAsa%, B, &4, 3 §o AgAEst o
79 &did. We] ¥ A7IAFE vehie tight
epitheliay 4149 B¥-Asia%, W3, 2%, oA
59 A=A E7L G (Schneyer, 1970; Mack-
night ef al., 1980; Friedman, 1986).

Tlght epithelia®} $4A42= 4z Al 7|4

22 HEE3 74, HZAYRE 58 A2
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AR 223 AT $£455H0) AEPALE o) %3}
R4S T8 R FES £ gl B TN
a4 W AREe o8 $R9 AXE THHT $4
ALe A7) 2Fs $4548E 7MY, Axge $4
A2 el 7|qEedM 753 il ule 72
e EA4E JYeiidls. & A9 replica Aol
A #ESE PR L2 AN EG 2R 7|HS
A E% 715A Fiel wet 43 £E2E Udehiz 9)
o ojglre AL ATA T Pzl Wte) £
$71% Aele] ARJAE A F Aol = A
HALE ARY AzAL ATAPL2 EYReln 7|H
Zole dAAEI} N2 HelFe] glonz AuNESS
AAZ ol ez TA Y Ae] wj o] A9} 713
e A7) 9 4545 AL ez B

dubq 22 leaky epitheliad] = A X 32
I AERAY AxALE YAz a0z AfHe 4
5 442 F2 AEY Sgolt FHPdl 9

olom dhdol tight epitheliacl] M= M| £9] 3}

i

o
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_o'L

oot

tlo ofr rlo rlo

(4]
A Ae2 & 4 9l o At AEFH
g% 2% 9L sed AExsiedd &
Na*9] $48& Z4s:= S0l tight epithelias]
Ne A8 AZd FZ g2 oz =T Sl
o}, Nat2 A EZ9 Nat channeld §3lof AME
Wz FAgAe 7145 x| A3k Nat-K*
pumpd] &l FEPpLdHe] AE oz wEFdd,
Na*& 71A& A ZeE 53l Fatso HEyE §4
57]% &R o] Afde Na*-K* pumpel] j3s}ed
AZ ygtez ez doh gy A ME X
o Na* fd3a &3 $93 7oz ue, AXE
* 7 FAAME 7145 FEA +EE W
2 Sulgto] glo] X A xute] £34E WA
A Na* 445 248 $ v 7ML oo (Pal-
mer, 1982, 1985; Fisher and Lockard, 1988).
ojg} & ¥ Nat $£4&2 d3A 2AFYEA
A 2o F8AE T U 2 AYA WY
A XY AYE lumendAd BE -20 mv 272 A
HE Jell 3, oA Na'el AEgo] o Aoz
A9y 9rd AH Na* channel®] s E22A
amiloride (1X 10~ M)E 78ttt 7] A 5te] A Na*

o ® o K o
b
|
by
239
)
lo
i
o,
o
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H
fu
2
o
s
X
f
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b

lid
ol

pump?] Hsj &<l ouabaing A2jse lumens] £4
A ag9A "o K9 4L Nate] 4§54
lumene] $4$1¢] 27]o] €)&5]% BaCli K*¢) $¥)
£ Asiske E42A 24 Qlvh(Bentley, 1968; Ni-
elsen, 1982; Koeppen and Giebisch, 1985; Pal-
mer, 1986). oo AL pialde dubzeq) A}
SAEAN AXNFHE B TEA L2 dA3e S48
o] Hi= Jo2 sotddd '

NEe) FRAPYE ATz EAT %F gz
AAE BAsed HAG dFSde] HAL, AA=R
oWl zletEAle] AL dAHLz W Al7AY
o2 Q& #FZo) EAAQ W ARARE 9y
3 FRa7) Aae Ax d9lel GRAe) TR,
E AgAME A 9 AxY P99 o] e =E A3
7] 813k APAAZ AgaAY-L A48T forskolindl
Pyshe A Eee) Fa4 waes dehie
9] Eol4& 94l d4th. Forskolin A o] A xat F
29 Wslol v]A: 3 A LR P faceold T
Z5= IMPEA FA= Y. Forskolin® A A A ¥4te]
adenyl cyclase?] #4312 £AA|7] 22X cAMP A
Aol ojgt =R el 2485 gleH (Saba-
tini, 1985; Kachadorian et al., 1987), A¥7 ug
P faces] #H3t 724 = FE4AHAA HHL oA
S5 AL oA A= d7ZAAe Jpd IMPrL
st AZAEe] FhHel EAse A penid
(Parisi and Bourguet, 1984; Hays, ef al., 1985;
Stetson and Steinmetz, 1986; Rash and Gidd-
ings, 1989; Wade, 1989), =3 & AAe] &3}
o BFAE A ele) ARrAEY w P faced]A
@2 iz IMP) & #3238 4 lgdch

Tight epitheliad]A] v|EZE=g|o}r} FH3 A €Y
o MEE HY 245 AZ gtes 2439 B el
AEE HCO, & Fujsled, ol Eujzge A9
AALZ exocytosisd]| 25t o] folAm Uuiros
tight epitheliae] ¢le]A] H* v} electrogenic tra-
nsport 24 424 9]} (Stetson and Steinmetz,
1983; Wade ef al., 1986). F3#Az}dn|7 i 9
8l tight epithelia®) tubulovesd] At M E A o)
% tubulovesiclee] o] FAFHE AAZ w]Fo] Ho}

(Trowbridge, 1991; Jeon, 1993) o]2|& transport



Jeon JS © Transport Systems of Tight Epithelia 51

vesicles- proton pumpE i3t Aoz AZHEd
(Jeon, 1992). E3Z} ojs}zr2 F2E AxA o P
faceol| Al R&AHE =il A3 AAse endocy-
tosis$} AMET A FAF 5 gle sH5Aol
FTEIAE AL AlAAFE Aol F2A2A7 B
replica AellA FEE METLY wg Erdol= glyco-
calyx7} QlelAl MERHS 750 223 FH4L +4
Aol 25AER Aol F28 4TS e A
zo 74242 A2

2 E

A+ tight epithelia®] $4E4E A3 9
3}"4 “J'%%i"—]’ A X8 F45A4D o $AARYLE A
43t AR BAS Ao} WA o)
e Afrshe AHYANEZ F2 Nat $£49) F29
9&Z 313, HEZ=eopr}l XY F ellY e

H* #ulo] fdst7vt HCOs A F5o] Fg Ao
Ao,

Tight epitheliao]A] AH M %9 A4 lumen-ne-
gativeg “EPI glom o] 2fdo] FgARE AX
B4 sfeld. 2 4o Auese Andayge ExA
o EXZ Qs HEz 4 g BESL0 3o Ao
HIE‘Z}«] Na‘* channel# 7|A &M ¥22] Nat-K+ 72

% 2 HCOy #4542 A2y o] 23
2 %L b B dFoM forskoline] =8 4
et 34400 wistel AAste] Azt T F2A9)
B4 Az Jg P faced]A s Ty
Ao FEZAM Jeldx 9o ogje HIE-T"&’ = 3
Fute] 23 wisle} J|ARE APAIFE Aoz A
ZEv A Rxe) o2 4ty S): 2_1 &=
o5 AFEe of ¥ o,
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FIGURE LEGENDS

Transmission electron micrograph of a bladder mucosa. B-cells (B) have been suggested to be the
type responsible for bicarbonate ion secretion in the bladder mucosa. In this type of cells,
numerous mitochondria (M) are present in the cytoplasm.. The microvilli (arrowheads) greatly
increase the absorptive surface area of these cells. N: nucleus, Lu: lumen, Gr: granular cell.
Transmission electron micrograph of a bladder mucosa. Numerous granules are present around the
apical cytoplasm (*). A-cells (A) have been suggested to be the type responsible for hydrogen ion
secretion in the bladder mucosa.

This replica illustrates a tight junction sealing strands between adjacent epithelial cells. PF: P
fracture face, EF: E fracture face.

The freeze fracture electron micrograph of the renal epithelia shows a tight junction (arrowheads)
composed several parallel sealing strands. The sealing strands completely encircle the cell at the
point where the apical (AM) and basolateral membranes (*) meet, generally just below the apical
microvilli. The fracture plane has passed through the cell cytoplasm (CY).

The freeze fracture electron micrograph depicts a tight junction in bladder epithelia cells. At
higher magnification tight junctions are composed of sealing strands (arrowheads), which are linear
cylindrical strand on the P fracture face.

The freeze fracture electron micrograph depicts the apical portion of a bladder cell. The sealing
strands of tight junctions remain on the P fracture face.

The freeze fracture electron micrograph of the apical membrane region of an A type cell illus-
trates numerous intramembranous particles (IMP) on P fracture face.

The freeze fracture electron micrograph depicts the basolateral portion of a bladder cell. Arro-
wheads indicate micropinocytotic vesicles.

This surface replica illustrates the apical portion of bladder epithelia. There is no pit on their
surface area, but relatively short microvilli extend from the apical surface of the B type cell
(arrowheads). Gr: granular cell, B: B type of cell.
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