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The Localization of Carbonic Anhydrase I, II in Normal Human Skin

Mariko Ono

Carbonic anhydrase I and II (CA I, CA II) in normal human skin were
examined using the direct immunofluorescence technique, the histochemical method

of Hansson, and in situ hybridization.

All these methods revealed that CAI and

CAII were localized in the eccrine glands, epidermal cells, fibroblasts and endoth-

elial cells.

They were not evident in either the collagen fibers or the matrix.

(Accepted on June 11, 1992) Kawasaki Igakkaishi 18(2) : 101—107, 1992

Key Words (@ Carbonic anhydrase
® In situ hybridization

i L & [

Carbonic Anhydrase (CA) (EC 4, 2,1, 1)
BANZTVT7 e, HY), BE CTIELSFEAET
LEEED Y ThD . KRR IE Meldrum & Rou-
ghton (1933)® 42 & - THRIMER & » RANCFKER
ahi. ZOEBEERAD—D1k CO,+H,02H,
CO;+H*ORILZHPHIZHMET25DTHY,

® Localization

RN OBEETE I BELMED D 2o T
2. %7, ATHC LEOCHERY S 0EERS
T, TR Z OERI EELAE R HS TS 9
1960412 CAWCIZ 2D T 4 YV A L2035
BIEBRRBEINTYS, HEZTIZE NTRK
B LD THOTA YA LBEET LI
DHERENTWSE Y ZD55DCA 1, 11, 1
KB EHEEET A Y4 L9 T, CAIViZ
BESETA VYA LA PCAVIZES Far Y

NFERRYE  EER
T701-01 BEHRESTT

Department of Dermatology, Kawasaki Medical School : 577
Matsushima, Kurashiki, Okayama, 701-01 Japan




102 e B ¥ = 3%

7EERER,Y CAVIZSWET A V4 L9 T
Hb. ENTHhDT A YV LIBRIFER
L, BEMICHREZZEEZONTVS. &
»TH CA I, CA ILIFFRIMER % Fuinic Blg
BRI - R R AP 5. Al d
SFFEIFFIZ0,000T, 259F 721X260DFE L D
5/ TEEH (MW-30Kd) ThH D #EEI13IE
HICEM L Tw3ah, CA TIXMEFYE, CA II
BEEETH S0

FE#RTIX O. Braun-Falco & (1955)'0 %
Hansson & (1967)'? 2SEERILEHNCRKICER
H»oNEZEERELTWEIDATHS. Ly
L, KMEiCB)2EKBEROEGHFENCEESD
FHICOWTETHTH 2. o, BERESH
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1. #HARKEREE

IJVART Y =470 N—LTEZ4—6 um
Dt MEEKEHBEGU R 2ER L, T
BE L2, 7 VEE (—20°C) 2{Tw
phosphate -buffered saline (PBS, PH 7.2)
T305fEIvE¥R ., FITC-#5:%5i HCA 1, HCA
Pk 105, SIGMA #H8]) % 58 T405
MKIG &%, PBS T¥®#, PBS-glycerin
buffer T# A L, Nikon-Fluophoto TEZ L
7z.
2. BRILZHREE

AFEFCAOFEMEE2HE®F O (NH,),SECo
EDRBWE->TREBAT 2 b DTH 5. Sugaid
12 & %, Hansson® OHWRE 128 - THITL
7z. B MEERKZERELI0%7 2 HFT
4°C, 1M EREREZEL, 8 %sucurose in
cacodylate buffer, pH 7.3, 4°Cic Tk,
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—70°CTHAE L 7z, BHAGEHEM % Tissue Tek II
(Lab-Tek Products, Miles Laboratories,
Naperville, IL) @#L, —30°CHO27 V)V F A
Yy b4 270 bh—LATEE4—6 ym OYIF
ZER L, B L T3 3 Bz Millipore filter
(0.25 ym) WD+, Hansson’s medium (1.86
mM CoSO,, 55.9mM H,SO,, 3.73mM KH,
PO,, 158 mM NaHCO,) WEFES €7z,

BEREEREOBIRE, LToEBYTHS.
%9, 20 ml OFKEKIZ 380 mg DREEF ~ ) 7
L&z (A), BRBRLIBCUTOBEKE (B)
28.5mlfnz%. (B) 120.1M CoSO, 5ml,
0.53M H,SO, 30ml, 0.067M KH,PO, 15
ml, H,O 30 ml 2IEE L TAKBEKTHS. (A)
2 (B) 202 T 45MRAIL, 45EHEL 7
%, 15DNCRIGEBS .. 440/ 05
THHRIGE R, 7 AETYR 2BE S
¥, 10% sucrose KR T208 2 5 30FPRIBE
¥ L, WIZ 2 %ammonium sulufideiF ¥ 1z 1
SHEBLTIREREILLSEZ. Z20%, HEL
% sucrose W THE L, 0.1% Fast Green I2 T
STEEHE U 7278, ethanol & xylane i2 X b fBizk
L, Entellan new, (Merck) THAL-. B
FEMHEEHRBR L TIX1X100°M  Acet-
azolamide %2 L 7.
3. REHEBIEFEMIn situ N1 TV S ES

Savik

insituNA 7VFA4 XS v avkiF, VT
X7 VAT R — T OEERYE £ LT digox-
igenin 2 L TEERIAHEE I THREASE
7z.

a) DNA Probes

Applied Biosystems @ DNA Synthetizer
391 A 2 w100 base D& DNA 24/ L
7o, HERFIZ CA 1, CA I3z Sequence
data (Genentec #t) 2 2B L 1% h D2nd
EXON 5% ®M100 base 27z, 2> ha—)
& LT Action DNA % fwiz.

DNA BF v ¥ AL TT74 AFER X > T EEDA
VIX7vEF BT r—1hELT, digox-
igenin &% deoxyuridine-triphosphate (Dig-
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UTP) =L 7:. BB DNA ~NDONA 7Y v
FEREE, N1 7V v FixBERERE (B
digoxigenin-alkaline phosphatase #Zz%) % {#
A L7 ELISA #i2 X b, 5-bromo-4-chloro-3
-indolylphosphate (X-phosphate) & nitroblue
tetrazolium salt (NBT) ORGKIGIZL > T
mHI N, ZOFEMELITICRT .

DNA#ZIZIZHCA 1 DNA, HCA II DNA,
Action DNA oW Fnhspz 7> 71— hL7T0.3
ng ALY, 2hs % 95°CT heat denaturing
L, 2ul @ hexanucleotide B & W, R&ED
dNTP labelling IBEWICIEZAFH K Z N2 T
19 112 L7205 1 ul @ Klenof Enzyme #iNZ.,
37°CT 2 HEILAEA ' F 2 _X—¥ 3 L digox-
igenin-X 7 VA F RTITV LIz, IRIZ2 4l 0.2
M EDTA (pH 8.0) #/z TRIG®2EILE ¥,
3ul LiCl 4 M) 2z TH Ty /=T
I¥T7.

b) In situ hybridization 3%

(1) B OHTLIE

t VEWEE 7 1y 7% 4 % Parafolmalde-
hyde (PFA)/PBS (4°C, 2— 6 M) KUf,
30% sucurose/0.02% diethylpyrocarbonate
(DEP) (4°C) TRERIE L 72. FEE S Wik
B3k A 725 Tissue Tek II (O. C. T com-
pound) WZEE L, YR TERR £ T—80°CTHFEL
7z (2 BEREBAER) .

(2) In Situ Hybridization

BEE L EEEEEBE 7 VA RSy <A
70 b —AT5—6 um OYIFZ2IERK L, Bilg
EX— VI V—THELIATA N REIRED, E
R TREZL 7z

FEMREI R %2 PBS T¥E¥ L, ER T2 D
0.2N HClL# iz X D IEEREH*REL, 5
43 PBS C¥e# L7z, Rz, 37°CT3053H A4 ~
F 2~_— b LAY RNase ZH{LAEFEAD 2
ug/ml Protainase K A PBS CTZE{R1053fHH
{LALEE U 72 Rz, PBS T L28, 4 % (w/
v)PFA/PBS T 5 53[#EE L, PBS o T L
721 Glycine .o T 27 > F > ZHLEL 7.

NATVFAL XA Y a VIBEEK (40% formal-

dehyde, 0.6M NaCl, 1mM EDTA, 1X
Denhardts solution, 10% Dextran Sulfate,
250u/ml human placenta RNase inhibitor,
250 ug/ml yeast t RNA, 10mM Tris HCI
(pH 7.3) @ probe DNA (3 xg/ml) & carrier
DNA (125 pg/ml) 2inz T, 35°C, 15K,
T4 R 7ALTREREEGTTNATVIAE
Avaryad8ghz. NATVF1EL Y a v BiI
SSC T L /2.
(3) SRR

buffer 1 (100 mM Tris-HCI pH 7.5, NaCl
150 mM, 20°C) THEBICEERE L 7242, buffer 1
iZ 2 % Normal Gout Serum K UF0.3%
TritonX-100% 0% 7z¥5# (buffer 2) W TE
BT305EA > Fax—y g Uz, R buffer
VETNVAN) T2 R7 78 =7 -NHYTF Y
= rHifEs (1:500) s Tmz, 1D
DAT A RIZDE50—100 ul DX, FiRT 20
A v Fax—y g > U7 buffer 1 TI55300H,
2EMEL, RRICERTUSEZRELT. 2L
T, buffer 3 (100mM Tris-HCI, 100 mM
NaCl, 50 mM MgCl,, pH 9.5 20°C) T24%
fE# b L, FEEIK (45 41 NBT, 35 41 X-
phosphate 210 ml buffer 3 I2fNz 727%, 2.4
mg O levamisole &IBE L72EWR) =01, B
FiT4°C, 6 ERIGS ¥z, ROCHE
E¥72%%, buffer 4(10 mM Tris-HCl pH 8.0,
1mM EDTA) ZHWTKIGEEIEEET. X
74 FidfAkry ) — kL, 20750 ®
THALT.

i LS

1. HCA I, IOk PEEEBHABKICE TR

ERNRE

EEANE2HE & U EOREREERIC X
B EIT-o72. HCA 1, IMidFwcRFIcHE
L, EETIE, MEEPER, TRICOERE
U7z, 72, HCA IIIZ HCA T &y
mahi:. RETIR, AltfilRoMRE KA
HizEEL: (Fig. 1 A, B).
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Fig. 1. A. Direct immunofluorescence method for

the detection of HCA 1II. Positive
staining can be seen on the epidermal
cells, and strong, nonspecific halations
were noted on the dermal collagenous
fibers. (Original magnification X100)
B. Direct immunofluorescence method for
the detection of HCA II. Dermal
eccrine sweet glands (ducts) were finely
stained. (Original magnification X 100)

2. HCA 1, IOt VEERBHBEBICE T2B
FHBILEPNRTE
Sugai 512 & %, Hansson & D a3V b ERK

N B % & 3

ERiERR LR OW R EEAWT, HCADE b
EEFEHERICB ) 2BREEL D, ZORE
ERETL7:. BREERA T, REEEE»
SEBBICO I TPk 7. RETIE, A
(LB OB 1 5R S, S0 LR
HED ST, BT, &, TR

((B18% 2% 1992)

RIG U7z (Fig. 2). ¥7-, BrEABERBR
SNH¥ITH 5 Acetazolamide 1z & ) BERTE
M3 L 72 (not shown) .
3. m-RNA LRLICHIIBE P EEERR
$H#ENO HCA 1, IDORE
Histo-in situ hybridization ¥ % >
T HCA I, I® m-RNA OHEH»
Fo. TR < 58 & W
FaEW, RUBNICH m-RNA 25380 5
n7- (Fig. 3). %72, BN TR
Mifa & B 2 Mifae, M8 N K
bRHHNTZ.

% =

Carbonic anhydrase (CA) 131604/
KHRRIN-ERE2SUCSEERTHS
B, 1Ty CA 1, IEFRMERZ &
U CLEFLHERICTFEET 5 2 L 8HS
ntws. BREETR T Y E=7144
O, 7RV T AL LY OBERIC
BI5 L CIROEMEMR, pH OFREiI21T
52k, ¥/, BEMET, EROESL
WCABRKFEA AV REET B L4
SNTWw3. BWEET, EERNORER
B9 2 W SRIZHOLHUAER S, BERPUER,
BERFNREESESHOONTBIE
figg, 1=~ FERE, ' REEE,'" 3L, o
B 14 19, 17, 19) i 16, 10 oS 1D
VB, HERARY D5 IR B S
DEEND L. Tz, EE, B,
g, 2029 HARBES 29 1C DB T DG b B Iz,
EHEKEHEKCBT 2 CADRBEICDWTIE,
19554 12 O. Broun - Falco 5 % Hansson’s
method (i) ZHVWTERENORVEX —B
RUFRIZBECHEDONL I EEHREL T
5DHTHBH.WY

Tox ik, BOthikk, HBENSE, RE
FHBR2ERY in situ hybridization #® 3 2
T, ZTOREEZREFHN, BEREE, m-RNA
VAVIZBWTRET L. Z DR, filhics
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Fig. 2. HCA enzyme activity was detected by the
Hansson’s cobalt bicarbonate histochemical
method.

Reacted black grains can be seen on the epider-

mal cells. (Original magnification X200, DEj ;
dermo-epidermal junction) (Fast green was used
for the counter staining.)

Fig. 3. Results of histo-in situ hybridization
Reacted digoxygenin-labeled nucleotide probes
for HCA 1 were developed by the alkaline
phosphatase staining. The reacted black (blue)
grains were noted on the epidermal cells. (Origi-
nal magnification X1,000)

WTH CA T, IHEFRRIcEIED Oz, &
7z, BETREVEF—ErHcHiRENI
T oh, BE TCRFECMENKMECED S
Ni=2Y, RMEEFHIIERROMIBC b FEEL 2. %
NZENOFETOSMIFITE—HLTEY, O.
Broun-Falco & DR &=V EX—[@E2Hb L
LR ED O NE I ERE b —
LT3 . X 51T histo-in situ hybridization ¥

X O BEREEDOD BHAIC—EL T CA
D m-RNA BEEET 5 2 3oz,
DEERIEFMENCA2ESEELT
W3 ZEERRLTE DD THEEREN
LTHD. ki, EENTOSMHIED
HHrZEBRHIGNTWSECADTA VY
42 (CA I, CA II) 23t ic &AMl
wHEsN:., Z0LSCE—BENTHE
BORBEAZRBERDOT AV FA L0E
ERMIERE X M7z 2 & b AR OEWEN
EEYHRNTL ETEETHSY. CAB
M EFHREES FYEOSWE D bl
IR DR A A >~ DI BIfR T 5 &
EbhTws,. BB TERN
TE LD bEKNTE, FRICEE IR
HoNBZEIZCAN, FRIZB TS5
MY AL A Y OBERNESL, O
BRFE DR, K5 OREBINSWE L T
LZEERBRLTVS.
TRERAETZANC A5 & CA 1T DHEEER
BEFRIBERT, BHEL x SiE, BR
ME®7 Y F—y A RTA), MoAKL
RERES ZEBHISONT NS 272 2
NoRTRTEBRATDE AT NVNT
ZADEANDBEREEZOND. Eiz,
£y -V UERRY2EHLY T
b—7 A% EOHCREEREEE L
2 Z DRBHAKRBER NS 2 BEHE
DETET B Z LRSI NI TRE
Il X HERETRTH, FRic
WiBEDY = — 7V ERET RO
RTA RETE, SR AIMBE, MK
SWMETIER £ D& % & 240 ikee
BERMES L BBHMTHY, TH5IEFTART
REBBIKEEER OBEEHAEOERE LTEZT
LFENR . Lo T, HEREREDI
SuksEE R EER 2 RE T 5 LT HR % CA
OHFRPS LT 2HEND Y, SE, KE
B UOZ OB TORERSMMERET LTz,
KERIZ, 2FOTLICERMESETH S
WS LEEOH WERO—DTHY, &
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MBSO TEER DD E SN T WS, &k
WHEREE TH 2 HIRDORZIE & U CIBHERIR
HERBHONTWED, 2OREHRERT
H % M OFIFERIEAOREDRIE X, T DK
ik REROBEEREOHREbEZ SR TY
3. LiztioT, £5 OBk 2 L& &
EJ LREEPHEET 0121, ¥51, &8
IR RBER DS OTE &, BRREERE DIENTH

g B % & 3%

((818% HE2%5 1992)
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WERZZEHD, THEEZ R IR 2E -7
NEERIRERERZHE BEAEHERCEA TRH
WeLET. k7, ARICERE W 2w, @
HZACHERIC R B L g T

B8, FEO—IFNNEERKRES Y = 7 M5
& (3-513, 2-505), BI V'Y T4 74V Y —iFEBIERE
(FBE 3 ) BB ThbhzbDTH 5.
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