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ABSTRACT

Background and Objectives(] The FK-506 binding protein 12 (FKBP12) regulates intracellular Ca®” release
by stabilizing the Ca®” -induced Ca*" -release channel (ryanodine receptor) in skeletal muscle. It has been re-
ently shown that a different FKBP, FKBP12.6, is specifically associated with cardiac ryanodine receptor.
Since the role of FKBP12.6 in excitation-contraction coupling in the cardiac muscle has not been precisely
determined, its biological function was assessed and expression patterns of FKBP12.6 were evaluated in the
various models of heart disease. Materials and Method The mouse (m) FKBP12.6 gene was cloned and cha-
racterized after screening a mouse genomic DNA library using a mFKBP12.6 cDNA obtained through reverse
transcriptase-polymerase chain reaction. Expression levels of mFKBP12.6 was evaluated during cardiac dev-
elopment and in the models of cardiac hypertrophy and failure. Results[] Both mFKBP12.6 and mFKBP12
contain an open reading frame of 327 nucleotides encoding 108 amino acids. Comparison of mFKBP12.6 cDNA
to rat FKBP12.6, human FKBP12.6 and mFKBP12 cDNA revealed 95%, 94% and 74% identity in nucleotide
sequence and 98%, 97% and 80% identity in amino acid sequence, respectively. Purified recombinant mFKBP
12.6 migrated slower than either mFKBP12 or human FKBP12 on an SDS-polyacrylamide gel, despite having
the same number of amino acids and a slightly lower calculated molecular mass. Northern blot analysis showed
that the expression of FKBP12 and FKBP12.6 to be highest in brain. While the expression of FKBP12 was
much stronger in adult than in embryonic hearts, it was further increased following pressure overload hyper-
trophy. FKBP12.6 mRNA expression analyzed by RNase protection assay was upregulated after induction of
cardiac hypertrophy like FKBP12, whereas it was decreased in the failing heart. The mFKBP12.6 gene contains
5 exons and the proteincoding region of the gene was divided into 4 exon modules. Conclusion[] We report
the molecular cloning and characterization of the mouse FKBP12.6 gene. According to these results, FKBP12
and FKBP12.6 may play a role in the development of cardiac hypertrophy and transition to heart failure. To
precisely determine the role of FKBP12 and FKBP12.6 in the heart, a strategy using homologous recombina-
tion in embryonic stem cells to conditionally ablate exon 2 of mFKBP12.6 gene has been developed and
initial characterization is now underway. (Korean Circulation J 2001531(7):711-721)
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FK—-506 binding protein(FKBP)O COOOOO O
doodno 0o 0boo ooo O obo oboo
0 00 0bd boob 0Ob Oobo obo boo
0000 000000 FKBPO SDS—polyacryla—
mide gelD 0 00 0000 DO0(KDa)D 0DOO O
00, 0ooboo oobood FKBPY, FKBP12, FKBP
13, FKBP25 [0 FKBP520 000 OOOO OO
FKBP12.60 O00O0O0.2™® FKBP120 0OOO0O
00000 ooobo 0oo oooo obobood FK-
5060 O 0O0O0O00O (intracellular receptor)d OO0
O immunophillinD 0 FK-5060 FKBP1200 00O
0 FK506—FKBP12 complex(] O0OO0O serine/th—
reonine phosphatasel] calcineurind OOOO T O
00 000 0000 interleukin—20 OO0 OO O
000 000 00009 FKBP120O petidyl—prolyl
isomerasel] 0000 foldingd assemblyd OO0
0,00 000 OO0 Oooo gooo physiological
conformation] O0O0O0OO, ODOOOO0O FK-5060
rapamycind 000 0O0O000O0O. OO0 FKBP12O
skeletal muscle typell ryanodine receptor(RyR—
1),5® inositol triphosphate receptor,®*® transfor-
ming growth factor—B Type | receptor™>? 0 O
0 000 0000 Ooodo go. Skeletal muscled
0 FKBP120 RyR-10 OO OO0OO sarcoplasmic
reticulum(SR)0 terminal cisternd OO O0O0O0O
(colocalize), FK—-50600 0 rapamycin 00O calcium—
induced calcium—release(CICR) channeldl RyR—-1
O open probability] 00000 mean open timed
000D subconductance OO0 OO OO0 OOO
FKBP120 RyR-10 OO0 000 000 000097

FKBP12.600 FKBP12 00 OO OO O0O0O OO
U0 0Dodb ooboo oboob oo oboo
00 SRO 0OOO0 0O0®FKBP1260 0000 O
00 FKBP12O OO0O0O ryanodine receptord] O
000 000 0000 0o oool? 0, FKBP120
skeletal typed RyR—10 00000 0OOO0 O O
0 FKBPl12.60 O0O0ODO cardiac typell ryanodine
receptor(RyR—2)0 00000 OOOO OOO CICR
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channell RyR-20 000 OO0 OO0 OO0 O
00 OO0 0D 000 RyR-20 OO0 OOO O
000 00 00 000 000 002

FKBP12O coding DNA OOOO0O OOO, OO0
(rat), OO, 00 OO0 OO0 OO ODOOOO OO
000 000 95~100%0 OO0 OO0O00 Oooo O
0. FKBP12 0000 OO0 500 exond OOO O
O exon 30 exon 40 FK5060 rapamycind OO,
cistrans isomerase activity, TGF—[ type | rece—
ptor binding OO O0O0O0O functional domaind OO
000 000 00" 000 0000 FKBP12:6
0O ¢cDNA 00000 000 00000 ooo oog
0000 cDNA 00000 000 00 ooo oo
00 0000 FKBP1260 OOOOOO OO OOO
00 O00.000 000 FKBP12O FKBP12.60 O
0000 00 10800 OO0 cDNA OOOOO 74~
85%0 U000 OO0 0000 OoO0O oouoo o
000 OO0 000 000 Ogdsoform) OO OO0O
0 0000 00O 0ooo od.

0 000 000 0000 oog oooo cooo
FKBP120O FKBP12.60 OO0 OOOO0O OOO O
00 FKBP120O 12.6 O00OOO molecular cloning
0O 00 FKBPO OOOO OO O OO0 OOOOQCO
00000 00000 00.00 OO0 goo oo
0 0000 00 O0ooo goo oooo ooo
(genetically engineered mouse) OO0O0O OO O
000 000 000 00000 o0ooooo oo
ooo oo.

0$A FKBP12.6(mFKBP12.6) s™MXFS| molecular
cloning

FKBP12.60 FKBP12 00 O0O0OO0O OO0 O
000 0000 mFKBP12.6 coding DNA sequence
(cds)0 00O OO 000 FKBP12.60 cdsO OO0
O forward primer(5' —ATGGGCGTGGAGATCG—
AGAC-3")0 reverse primer(5' —TCACTCTAA—
GT TGAGCAGCTC-3')0 000O0O0O. 00 Oooo
00O polytron homogenizerd OOO0O OO OOO
0 3000 000 000 O RNA isolation kit(RNA—

Korean Circulation J 2001531(7):711-721



zol, GibcoBRL)O OO0OO OO0 RNAO OOOO
spectrophotometerl] RNA OO0 OO0O0O0. Ran—
dom hexamerd first—strand DNA synthesis(RT—
PCR kit, GibcoBRL)O O00O0O0O, OO O primerd O
0000000 (polymerase chain reaction, PCR)[
O0000. PCR product O 10 p 10 OO0 1% ag—
arose gelll runningDd 0 bandd OO0 O geld O
000 gene clean kit(QIEX Il, GibcoBRL)O OO0
O purify O00O. Gene cleand DNA bandO TA clo—
ning kit(Stratagene, USA)OD] 0000 pCR2.1 vector
O cloningD 0 OOOOO OO OO automatic se—
quencingl 0O0OOO.

Genomic DNA library screeningZ} mapping ¥ sub-
cloning

Lambda FIX O vectorD OO0 129 SVJ mouse
genomic DNA library(Stratagene, USA)O 0000
mFKBP12.6 0000 OOOOO. dOO genomic
DNA libraryd insert sizel 9~23 kb 00O O0OOO
O XL—1 blue MRA(P2, Stratagene)[1 . Genomic
DNA libraryd titrationd OO OO 15cm LB OO
0 platingd 0 RT—PCRO OO mFKBP12.6 coding
DNA fragmentd probel 00O hybridizationdl OO
00d0d. 1, 2,30 screeningd 0 00O OO0 OOOO
phage DNA miniprep 00O maxiprep(Qiagen, USA)
0 000 mFKBP12.60 OO0 OO0 OOO phage
DNAO 00O0. 000 00 phage DNAOO OO O
0 00000 0O0OO OO0 00O PCRO OO OOO
0 mappingd OOOO0OO sequencingdd OO exon
O intron0 OO0 0O00O. mFKBP12.6 OO0 OO0
0000 mFKBP12 OO0 OO0 O0OO0O O exon
000 forward O reverse oligonu—cleotide primer
0 000000 PCRO Southern blot analysisd O
000 mFKBP12.6 0000 orientationd OO0 O
O00. mFKBP12.6 O0OO0O pBluescript plasmidC
subclonel 0 00O 00000 OO0 0OOOO OO0
0O O0O0OO0 OO0 targeting constructd 0000 O
oooo.

mFKBP12.6 coding DNA sequences2| homology search
Genomic DNA library screening, mapping 0 sub—

cloningd OO sequenced OO0 mFKBP12.6 cds
0 000 OO0 OO0 OO0 FKBP12.6 sequence
0O OOO0O0O OO0 DNA sequence homologyl am—
ino acid sequence homologyll OOOOO. OO
mFKBP120 000 00 00 FKBP12O0O OO0
O Macaw software(version 2.0.5)00 National Cen—
ter for Biotechnology Information(NCBD)O O OO
OO0 BLAST sequence similarity program(http://
www.ncbi.nim.nih.gov/BLAST/)OD 0000 OOO
oo.

mFKBP122} mFKBP12.62] CHHZE Q|
HIZ

RT—PCR OO pCR2.1 vectord subcloned mFK—
BP120 mFKBP12.6 DNAC frame shiftd OO O
0000 OO0 pGEX4T-1 vector(Amersham, USA)
O subcloned O column methodd glutathione—S—
transferase(GST)—mFKBP12 fusion proteinCl GST—
mFKBP12.6 fusion proteind O0O000. GST—mFK—
BP12 fusion proteind GST-—mFKBP12.6 fusion
proteind 0000 OO0 thrombinOO GST OO0
0000 purified mFKBP12O0 mFKBP12.60 OO
O0.0000 O 000(GST—-FKBP12.6 fusion pro-
tein, pure FKBP12.6, GST—FKBP12 fusion protein,
pure FKBP12)O OO0 OOO0O OO 15% SDS—
PAGE gelll O 00O purified FKBPO 00O FK—
BP12(Sigma, USA)O 000 runningd O electrical
mobilityd 000000, OO protein analysisCl O
0 mFKBP120 mFKBP12.600 physical propertyl
000 000 ooooo.

Polyclonal antibodyl] 00O OO GST-fusion
proteind 0000 OO0 OO0 OO OO0 O0OO
0 0000 GST—mFKBP12 fusion proteinCl OO
0 000 0000 polyclonal OO0 OOOOO. O
00 anti-mFKBP12 antibodyll 0OOO OO0OO O
000 OO O 000 purified FKBPO 000 FKBP
120 Western blot analysisd 00000,

g ool

ofg =X F ¥ LYIFYHAM FKBP122 FKBP
12.6 mRNA2| L& U4
00 0000 o, 00,0,00,00,00,0,00

713



00 OOO00 liquid nitrogen OOOO0O0O O O
000 homogenize OO RNAO O0O0OO spectrop—
hotometerd RNA 000 000O00O. 000 O OO
O total RNAO 10 p g0 1% agarose geld running
00 Northern blot 000 OO0O nitrocellulose me—
mbranel] transfer000. 000 000000 FKBP
120 FKBP12.60 mRNA OOOOO O0OOO OO
gestational agel] 00 fetal heart 0 embryonic day
15(E15.0)0 17(E17.0), OO0 OO (neonate) O OO
0000 OO0 0000 Northern blot OO0 OO
0O00.000 FKBP12 O FKBP12.6 coding DNA
fragmentD **PO random labelingd O hybridiz—
ation0 DODOOD OOOO OO membraned st—
ripping 00 O GAPDHO 00000 OOOOO.

HIS9} AEHRHON mFKBP122+ mFKBP12.6 mRNA2|
N T

oL

000000 D000 00000 00000 OO0
0 000 OO0 ODOOOOD OO 00 (transverse
aortic constriction, TACQ)U O OOO dOOOOO O
0 000000 000002 TAC 100 00 OO0
0 0000 00D 0000 tibial lengthd 0O0O

nE 0=

ol

00.000000 Duke Universityll Dr. Howard A.

RockmanO OO0 OO 0000 OO (myogenic di—
fferentiation)d O0OOOOO muscle LIM protein
(MLP) 000D OOD0O0DOO (complete knockout
mouse, MLP™))0 00000 0o 00O OO,
TACO OO OO0 OO 00, MLP™ 0 00 OO0
0000 total RNAO OO OOO O Northen blot
analysis[] direct—protect RNase protection assay
(RPA kit, Ambion)[] FKBP12[0 FKBP12.600 mRNA
expression 000 OOOOO0O OOO OOO OO
00 FKBPOOO OO0 DOOOO.

HEMENIRAS MMHE 9/8 Targeting construct?|
® 2k microinjection

FKBP12[0 FKBP12.6 O00O0O0O OOOO0O OOO
0 000D OO0 000 cDNAO a —myosin heavy
chain(a MHC) promoter] SV40 polyadenylation
signald OO0 OO plBI vectord subcloning 00O
targeting construct] 00000, FKBP12.6 OO0
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0 0000000 O0d(conditional knockout)O O O
000 00000 00 300 loxPO OO OO pflox
vector] FKBP12.6 0O0O0O OOOOOO.

2 x

mFKBP12.6 X2l molecular cloningzt =2[& £4

OO0 0000 000 RNAO random hexamer
O first—strand DNA synthesisd 00 00 hFKBP12.6
cDNAO 000 O OO0 primerDd OO0 OOOOO
OO00(RT—-PCR, 94000 denaturation, 60000
annealing, 72000 chain extensiond 350)0 OO
0Od0d. PCR product O 10 u IO OO0 1% agarose
geld running(80 volts, 6000)00 327 bpd single
bandO OO0 0O (Fig. 1), pCR2.10 subcloningl O
00 0000 00 (automatic sequencing)C O O
327 bp mFKBP12.6 cDNA OO0O0O0 0000 O
00. mFKBP12.6 cDNAO OO0O0O0O OO0 OO
0 00 GFKBP12.6)0 00O (rFKBP12.6)0 cDNA O
0000 0000 OO DNA nucleotidel OO 327
bpd OO0 DNA sequence homologyl hFKBP12.6
00 94%(309/327 bp), rFKBP12.60 0 95%(313/
327 bp)U OOOO OOO. 000,00, 00,00
00 FKBP120O 70~-80%0 OOOO OOOOO
(Fig. 2).

mFKBP12.60 10800 OOOOOO OOOO O

1000 bp
Fig. 1. Agarose gel (1%)
running of the RT-PCR pro-
15188 Ep duct showed a band af
300 bs : the molecular weight of

327 bp. Lane 10 molecular
weight marker, Lane 2010
u | of RT-PCR product.
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O BCM Search Launcherd OO0 OO0 OOOO
0000 1300 330 000 transmembrane—helix
lengthD OO0 OO hydrophobicityll —0.3570
mFKBP12.60 OO0 OOOOO 0O00O0O0O. 000
0O 000 rFKBP12.60 98%(106/108 AA’s), OO
00 bovine FKBP12.60 0 97%(105/108 AA' s)U
homologyll] 0000 OO0 OO FKBP12O0O OO0
0O 00 hFKBP120 0O 82%(89/108 AA's), mFKBP
1200 80%(87/108 AA' s) homologyd OO 0.

mFKBP120 mFKBP12.6 0 OO0 GST-fusion
proteind OO0 OO thrombinOO OO0O0 OO O
00 purified FKBPO 00O electrical mobilityd O
00 00 mFKBP12O O 14 Kbal O0OO0 OO0
00 mFKBP12.60 mFKBP12[00 electrical mo—
bilityd OO O 17 Kbad 0000 O00O0O0O(Fg. 3)
0O 000 FKBPO OO0 10800 COOOO OO
0 0000 00000 OoO0bo 0o O oooo oo
electrical mobilityd] 000 TEMED-excess 15%

NG PR TGGGCGTGGAGATCGAGACCATCTCCCCIGGAGACGGAAGGACATTCC
hFKBP12.6 [ATGGGCGTGGAGATCGAGACCATCTCCCCOGGAGACGGAAGGACATTCC
mFKBP12.6

A AGRAGGGHE GanTGTGTGGTGCACTACACAGGAATGCT ICAAAATG]
hFKBP12.6 [BAAGAAGGGE AMETGTGTGGTGCACTACACAGGAATGCT@CAAAATG

mFKBP12.6 gb

hFKBP12.6 STTTGATTCATCCAGAGACAGAAACAAACCTTTCAAGTTCAGA
I G S N A T TGGCARACAGGAAGTCATCAAAGG@T TTGAAGAGGIACIGCCCAGA
NG PRI T TGGCAAACAGGAAGTCATCAAAGGINT TTGAAGA EGGIECGCCCAGA!
mFKBP12.6 AGCTTGGGGCAGAGGGCGAAGCTGACCTGCACCCCTGATGTGGC@TATE
hFKBP12.6 AGCTTGGGGCAGAGGGCGAAGCTGACCTGCACCCCTGATGTGGCIATAT]

mFKBP12.6 AGCHAC®GGCCACCCCGGTGTCATCCCTCCCAATGCCACCCTCATCTT
hFKBP12.6 AGC@ACEGGCCACCCCGGTGTCATCCCTCCCAATGCCACCCTCATCTT!

ACGTGGAGCTGCTC TTAGAGTGA
ACGTGGAGCTGCTCAIC TTAGAGTGA|

mFKBP12.6
hFKBP12.6

GAARTTTGATTCATCCAGAGACAGAAACAAACCTTTCAAGTTCAGA

Fig. 2. Nucleotide and amino acid seque-
nces of mouse FKBP12.6. DNA sequence
homology was 94.5% (309/327 bp) between

mFKBP12.6 and hFKBP12.6 (A) and was

RGNV TGGCOGTCEACRTMGAGACCATCTCECCRIGGAGACGGY ;
mFKBP12 ATGGGRGTGSAGETEGAGACCATCTCHCCHGGAGACGGENGEA
mFKBP12.6  TNXEAAEE Y ‘

mFKBP12 AAGEENGGECAGA NN

G ARG BA R GAAATTTGATTCIITCOGRIGACAGAAACAACC TTT@AAGT T SA €A
mFKBP12 GRANGAAATTTGATTCOTCHHECECACAGAARCARECCTTTHAR rﬂg!
mFKBP12.6  ARTEHESERA 3 3 A IBIGAMIGAAGGIBNGCCCAGAT]
mFKBP12 eTiGCCAAE ) ATCEE HeCABCAAGGENACCCCAGA!
mFKBP12.6 BITGGGECAGAGEGCERN ECTCAMMNE CETEATG TG
mFKBP12 T I AGAGHGC CTGANNSICACCHCEGA Sty
mFKBP12.6  EXE NI G TR AR AR
mFKBP12 GAGCEA 3 ACK RCTRETHTTT
mFKBP12.6 SGTGGAGCTECTIvasmdtelgasltgal

mFKBP12 [CARGTGGAGCTHC TR Bkt sigaEltgal

[0 G NG VE TET IS PGDGRT FPKKGQUCYVHY TGMLONGKKFDS SRORNKPFKFRIGKQEVIKG!
TR .- oo ool v aroreps romercescxgsvikcr

@ mFKBP12.6
hFKBP12.6

QMSLGQRAKLTCTPDVAYGATGHPGVIPPNATLIFDVELLSE

EGIIAQMS LGQRAKLTCTPDVAYGATGHPGVIPPNATLIFDVELLK

74.9% (245/327 bp) between mFKBP12.6
and mFKBP12 (B). mFKBP12.6 was consisted
of 108 amino acids and amino acid sequ-
ence homology was 97.2% (105/108 AA'S)
between mFKBP12.6 and hFKBP12.6 (C).
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SDS—PAGE gel(0.25% TEMEDO 0.25% ammoni—
um sulfate) 0 00O OO0O0OO0. 000 00O FKBP
12.60 0O0O(11.6 Kba)O FKBP12O OO0 (11.8
KDa) O O000. GST—mFKBP12 fusion protein(]
000 OO OO0 0000 OO0 polyclonal OO0
anti-mFKBP12 antibodyll] mFKBP120 mFKBP
1260 OO OO0 O OO0 Western blot analysis
00 ooooo.

RT—-PCRO OO mFKBP12.6 cdsd probed OO
129 SVJ mouse genomic DNA library screeningl
0000d 10 screeningd 0 3000 putative clone

0, 20 screeningll 0 4700 positive clone OO0.

30 screeningd OO 0O0O0O0O OO0 O FKBP
12.60 OO0 0014 Kb)O OO0 bacteriophage
lambda DNACO miniprepO 0 OO restriction en—
zymeOO OO gene mappingd O0O0O0O sequen—
cing 0 00O exonO intron] OO0 OO0O. 14 Kb
0 000 mFKBP12.6 O00OO0O fragmentd 400
exon(E1l-E4)0 OO0 O0OOO OO OO protein
coding DNA sequencell O0OO0O O0OO0, mFKBP
126 0000 000 hFKBP12 O mFKBP12 00
O 000 00 ooooodFg. 4).

Of2f Z& U ANl WMIHMA FKBP122} FKBP12.6
MRNA2| W& 94}

mFKBP12 | - — =
mFKBP126| + | + | + | + | + | - -

+
N
+
+

MWM
(KDa)
15

7

Fig. 3. Electfrical mobility of mFKBP12 and mFKBP12.6.
Despite a calculated molecular weight of mFKBP12.6
slightly less than that of mFKBP12, it migrates more slowly
on TEMED-excess denaturing 15% SDS-PAGE gel than
mFKBP12 (0.25% TEMED, 0.25% ammonium sulfate).

’ E'll E2 E’3 E|4 E5
FKEPT2:~ 5 Exons, Chromosome 20 ¢ —i
E] IE2 E’3 E|4 E5
mFKBPT2 —H—) 5 Exons, Chromosome 2 ! —
E1 E2 E3E4 E5
MFKBP12.6 —f——t H
5 Exons, Chromosome? T_Kb

Fig. 4. Exon organization and structure of hFKBP12, mFKBp
12 and mFKBP12.6 gene. EO exon.
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FKBP12 mRNAC 0O0O0O0 OO0 OO OO OO
000 000 OO 0000 oooooo oo, o4,
00 OO0 o000 (Fig. 5). D00 Northern blot an—
alysis 00 FKBP12.6 mRNAO 0OO0O OO OO
000 00 00 00000 ooo oo ooo oo
0O O 000. FKBP12 mRNAO OO0 embryonic
day 15(E15.0)00 000000 OO00O0O OO0 O
000 FKBP12.6 mRNAO OO0 Northern blot
analysisO0O 0O OO 00O (Fig. 6).

HIZ9t AEHOIM FKBP122t FKBP12.6 mRNAS| &t
He

OO0000MOS5) 000 FKBP12 mRNA OO0 O
O O0ODODODOD OO0 OO0D 000 TACOMOS5)

re o>

Heart
Kidney
Brain
Skeletal
Muscle
Liver
Lung

2.37

Fig. 5. Steady-state FKBP12 mRNA levels in various mouse
tissues.

E15.0
E17.0
Neonate

Adult

Fig. 6. Expression of FKBP12 mRNA during cardiac dev-
elopment. FKBP12 mRNA was detected from the embry-
onic day 15 (E15.0) and was greater in the adult hearts
than fetal hearts.

Control TAC
1 2 3 4 5 6 7 8 9 10

L L

Fig. 7. FKBP12 mRNA expression of the hypertrophied
hearts induced by fransverse aortic constriction (TAC)
was greater than that of control hearts.
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0 00 FKBP12 mRNAO OO0 OOOO DOOO
(Fig. 7) 00OOD0O MLP™- 00000 0OOO
0O 000 000 000 (data not shown). Northern
analysisd internal controld GAPDHO O OOOO
00000000 ooo.

FKBP12.6 mRNAD OO0 0000 OO0 OO No—
rthern anlysis] 0O0O0O0O OO0 direct—protect
RNase protection assayll 00000. OOO((O2)
O 00 0D000 00 TACO(hO4)DO FKBP12.6

C TAC MLP” Probe
1 2 3 45 6 7 8 9 101112

FKBP12.6

EFla

Fig. 8. RNase profection assay demonstrated FKBP12.6
MRNA expression of the TAC hearts was upregulated
compared with that of control hearts and the expre-
ssion level of FKBP12.6 in the heart failure models, MLP
-/- mice, was less than controls. Lanes 11 and 12 were
free probes of EF1a  that is an internal control.

mRNA 000 0000 D000 000000 MLP™
00000 000 FKBP12.6 mRNAO OO0 OO0
O0. RNase protection assayll internal control(]
EFla 0 OOOOOO OOOO OO0 OO0 (Fg. 8).

YEMSNIAS MHYS I8 Targeting construct
HIZ

FKBP12O FKBP12.6 O0O0OO0O OO0 OOOO
0O 0000 O0O0O0O OO0 OO0 cDNAD o MHC
pro-moterd] OOO OO plBI vectord subcloning
00 targeting construct] 0000 (Fig. 9A).

FKBP12.6 O0OUO0O OO OO OO DOOOOOO
0000 0000 00000 OO0 200 exon(E2)
0 0O 000 intron 10 20 OO0 pflox vector O
200 loxP OO0 OOOOO FKBP126 OOOO O
0000 targeting constructd 00000 (Fig. 9B).

il

112

000 000 000 FKBP12O OO0 FKBP12.6
0 0000 0000029 FKBP120 OO 108
00 odobdno Ooob 0 o bobo Oob 1800 o
0000 OO0 phenylalanined tryptophanCd O 00O
0 conservative substitutiondOO. OOO0 OO0O

_ - - S
S —= - £
3 3 3 I
2.9 Kb oaMHC FKBP SV40
@ 5.5 Kb 327 bp 800 bp
H B B S H B HB S B : BamHI
BST ; 1 oy | | L Bl 11l '] . E : EcoRI
: ! - . P T T - H : Hindlll
N N S E i B2 ) N N E3 E4 N : Nhel
. S:sstl
"X Xbal
B B B H B B HB s
pflox ' L §1J Neo | HsVk |—t—ll— —-—
E1 E2 N N N E3 E4

Fig. 9. Schematic illustration of targeting constructs for the generation of FKBP12 and FKBP12.6 overexpression mice (A)

and conditional knockout mice (B). O loxP site
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00 FKBP12.60 FK-50600 OOOO0O calcin-
eurin 0000 FKBP120 OOOOO. Lam OO O
00 0 00 000 000 FKBP12.6 mRNAD [
0 00 0000 OoOooooo ooo oo ood.
FKBP12 mRNA OO OO0 OO OO0 OOOOO
FK-5060 OO0 O0O0O0 OO0OO0OO0O OO0 OO0
0000 000 000000 000 FKBP12.60
000116 KDa)O FKBP12O 000 (11.8 Kba)O
0 000 denatuing geldl0 OO ODOOO0O O0OO
0000 0002 0 00000 mRKBP120O O 14
KDall 00000 mFKBP12.60 mFKBP120 0 ele-
ctrical mobilityd 00O 0O 17 KDad 0000 OOO
0O 00 000 000. FKBP12.60 DNA OOOO
0O 00OMOo 0o@ooo 000 ooo. 0 oo
000 mFKBP12.6 DNA nucleotidel 00O 327 bp
0 mFKBP120 OO0 DNA sequence homology(l
hFKBP12.60 0 94%(309/327 bp), rFKBP12.60
95%(313/327 bp)J OO0 COO. 00O, 04,
00, 00 00 FKBP12O0O 7000 80%0 OOO
0 00000.hFKBP12 OOOO 24 kb OO0 200
0000pl3)0 OO0 500 exond OO OO O
0 400 exond protein coding regiond 00O0.*®
0O 00000 000 14 KbO OO0 mFKBP12.6
0000 fragmentd protein codingd O0O0OO 40
O exon(E1l-E4)0 00O OO0 OOOO exond O
00 hFKBP120 mFKBP12 OOOO OO0 intron
0O 000 00 000.0 mRKBP126 OOO0O OO
5/ —untranslated region] Gly—13 sequencell O
000 exond Gly—1300 Gly—29 sequenced 0D
000 exond O 3 KbO intrond OO OO0OO OO
00 hFKBP120 O OO intrond OO0 79 bp OO
O0.000 0 000 O 00 intrond OO0 hFKBP
1200 00O OO0 34 Kb, 1 Kb OOOOO O OO
exon] Gly—2900 Glu—66 residue 00O coding
OO0 O 00 exond Met—67 OO0 OOOOO. O
000 FKBP1260 OO0 OO0 OOOOO OO
gene targetingd OO O OO0 OO0 OOOO.
FK—-5060 rapamycind OO0 OO0O0O0 RyR-
10 0000 00 FKBP12O O0O(stripping)d 0 O
0 000 calciumd caffeined OO0 O0OOO0O RyR—
10 open probabilityD] OOOO mean open timel
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0000 subconductance OO0 OO, D0O0OOO O
0 OO0 000 magnesiumd 000 00599 g
0 000 FKBP12O O0O0O0O0O OOOO OOOO,
FKBP12O RyR-10 closed conformationd OO0
o000 oobo ooboo oo, 0o FKBP12 OO O
DD(FKBPlZ_/_)D good oob booob bod
00 000000 0000 FKBP12770 E14.50
gobdno 00 0obbo oobo bboboo oo
000 000 O0(cardiac defect)C0 O0OO0O O
0000 ooooooobo booobo oooo oo
0.2 FKBP120 00 O OO0 ryanodine receptor
0 00 0000 0boo obo oob boo oo
0 dbdd 0o 0Ob 0ob Ooob 0 obo oo
0 000 ODOo0DO 0boo FKBP12O OOO OO
00 000 OO00d(compaction)D OO0 OO0 O
00 000002 0 00000 FKBP12 mRNA
0 000 000 OooOoboo(Elsodd ooooo
U0 0 00 boob boob boo oo bod.
gooboo TACOO OO0 oboooo oo oo
0 00 000 FKBP12 mRNA OO0 OOOOOO
00 0ood ogo. b oooo TAC OO 10 0o
000 0000 Northern blot analysisCl 00000
U0 0Dodb ooboo obobo obo ooo
00000 OO0 000 B —agonistd OO0 OO
000 00000 oooo oo O B —adrenergic
receptor] OO0 (desensitization)d OO OO0 O
00 002 0000 B —adrenergic receptor 00
00 O0OO0O B —adrenergic receptor kinase 10 0O
00 00od 0oobo 00 FKBP12O OO0 OOO
g ooo.

FKBP12.600 FKBP12 00O OO OO OOO OO
00 0000 ObOoO O boobo 000 FKBP12
0 0000. FKBP12.60 OO0 RyR-20 OOOO
0 0000 000 Ooboo. 000 00 FKBP12.60
GIn—31, Asn—32, Phe-59 0 O OO0 O0OOO re—
sidued RyR-20 0O0O0O0O0 OOOO OO DOOO
00 000 00 FKBP120 FKBP12.60 RyR—
10 RyR-200 0O0O0OOO OO OO OOOOOO
000 OO0 0DOO0O 000 FKBP12O FKBP12.6
0 FKBP12-stripped RyR—10 0000 OOOD
RyR-2000 FKBP12.6 00O O0OOO OOOOO
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00 00000 bO00O FKBP12 O OOOO OO
000 O0-000000 skRO 00O FKBP12.60 [
00 000 000 0002 000 FKBPO RyRO
gUobd 0oob bo0o 0b0o 00 Oob obo oo
0 0000 O00. 0 FKBP12O RyR-10 closed
conformationD O0OOOO0O OO 0OO0OO OOO
FKBP12.60 RyR-20 channel OO0O0O O0O0O0O
00 000 0000 OOobd, FKBP12.60 RyR—1
0 0000 0000 b0 boboddo RyrR-10
000 Ooo 00 oobdo. oobdd FKBP12
0 RyR—-20 modulation0 00 000 FKBP12.60
0000 OO0 OO0 00Ob Obodg RyR=20 OOO
00 0000 0000 OO, FKBP1260 OOOOO
d0000 0booo oo srRO oDOoObO ooo oo
00 OO0 0000 OO0 Northern blot analysis
U0 0obd 00 0ob b0 bo0obo ooboo o
00 O 0000 FKBP126 mRNAO OO0 OOO
O direct—protect RNase protection assay(l OO0
0.0 000 000 obooo FKBP12O FKBP
126 mRNAOD 000 0O0O0O0O OO OOOOOO
FKBP12 mRNALO 000 OO0 FKBP12.6 mRNADO
000 downregulationd 0 O00O0. OO0 OOO O
0000 adenovirus 0000 FKBP12.6 OO0 O
00 OO 0000000 sROO OO0 O0eak)
0 00 ODO0DOO0O sRO OO OO0 Ooboo oo
000 000000 0000® 0 000 0000
00 0000 00 FKBP12.60 downregulation
0 OO0 00 RyR-20 closed conformationd] OO
0 00 leaky channeld OO OODOO0O O00O0OO O
U0 boboboo.ob bobob oo ooo
00 [PH]dihydro—FK506—binding assayl] 00O
FKBP12.60 O (Bmax)0 83%0 000D RyR—20
0 0000 (nteraction)d 000 OO OOO0O OO
0 00000 00?0 0000 SROO RyR—FKBP
12.6 complexd OOO0O0O OO OO leakd OOO
FKBP126 00000 DOO0O0 OO0 002
00000 FKBP12O FKBP12.60 OO0 OO0O,
000 00O 0 0bo bobo bo ooo bobo oo
OO0 calcium—induced calcium—release channel
0 RyR—20 OO0O0O0O OOOO DOOO O0Od. Jun—
ctional SR proteind junctin, triadin, calsequestrin

00 000 00-00000 oggo gggoo o
00 0000 0000 0000 00000 FKBP12
0 FKBP126 O0O0O0O OO OOOOO O0OO O O
000000 0000 O0O00 000 oooo oo
0000 OO0 000 0O 0000 oood. 0o sk
0O 000 000 00000 oo ooo oooo
O 0000 00 OD0000 OD0Ooo0O0 Ooo ogo
transgenic technologyl double OO triple trans—
genicmicel 000000 ODOODO O0OO.

o Ok
i =

oM AT BH :

FK—-506 binding protein(FKBP)O OOOO0O0O
000000 0o 0ooo ooo 0 ooo oooo
0O 00 000 0000 00 ooo ooo oo o
000 00O00,0000 00000 FKBPY, FKBP
12, FKBP13, FKBP25 O FKBP520 OO0 OO0O
0 00 FKBP12.60 OOOOO. FKBP12O OO0
OO ryanodine receptor type 10 00000 OOO
00000 0000, FKBP12.6O OO0 ryanodine
receptor type 20 00000 O0O0OO O0OO OOO
O0.000 0000 0O 000 FKBPO OOO OO
000 0000 000 000 000 oo.o oo
mFKBP120 mFKBP12.6 OO0O0 OO0OO OO O
00000 00000 0000 FKBP12O FKBP12.
60 000 000 OooO0Oo ooo oooo oo
00000 OO0 0ooo oooo gooo oo o
00 ooooo oo.

ERTER

00 OO0 000 RNAO OO0OO RT—-PCRO O
000 mFKBP12.6 cDNAD OO0O. OO0O geno—
mic DNA libraryd 30 0000 mFKBP12.6 00O
O molecular cloningd OO0O0 PCRO Southern blot
analysisl 0O mFKBP12.6 O0OOO orientation
000 000. mFKBP12.600 coding DNA seque-
nce 0 0O0O0 OO0 O0O0OO,000 00O OO
000. mFKBP120O0 mFKBP12.60 0O0O0O OOO
000 boOoooo 0o 00 0o ooo oooo, o
000 0000000 FKBP12O FKBP12.6 mRNA
0 00000 Northern blot analysisd direct—pro—
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tect RNase protection assayl] 00 OO0. 0000
0000 000 OO0 targeting constructll] 0000
microinjectionC O0OO0OO.

2 1t

1) mFKBP12.60 DNA nucleotided OO 00O (h)
0O 00O FKBP126 00O 000 mFKBP1200O
00 327 bpO OO0, OO0 O0O0O0OO OO0 (seq—
uence homology)l hFKBP12.600 94%(309/327 bp),
rFKBP12.60 0 95%(313/327 bp)J OO mFKBP
1200 74%000.

2) mFKBP12.60 mFKBP12O OO 10800 OO
000 OO0 hFKBP12.60 97%, rFKBP12.600 98%,
hFKBP120 82%, mFKBP120 0 80%0 O OO0
O00. 000 mFKBP12.60 OO0 (11.8KDa)O
FKBP120 O0OO(11.9KDa)O O OO0 FKBP12.6
0 TEMED-—excess SDS—PAGE gelll 0 mFKBP12
00 OO0 00000 000 000. GST-mFKBP12
fusion proteind OO0 OO OO OO0OO OO0 pol—
yclonal 000 anti-mFKBP12 antibodyl mFKBP
120 mFKBP1260 OO OO0 O OO0 Western
blot analysisO 0 O OOOO.

3) mFKBP12.6 0000 400 exon(E1-E4)O
protein codingdl 0000 exond OO0 hFKBP12
0O mFKBP12 0O0O0O OO0 intrond OO0 OO
0000 hFKBP12 O mFKBP12 OO0 OO0 OO
ooooo.

4) FKBP120O FKBP12.6 mRNAO OO O0O0O0O
000000 000 00 0000 FKBP12 mRNA
0 000 E15.000 OOO0OODO 0000 OO0 O
ooo.

5) 000000 0000 oOOUO0 O FKBP12O
FKBP12.6 mRNAO OO0 00000 0000 OO
000 FKBP12 mRNAO 000 OOOO FKBP 126
mRNAO 000 00 (downregulation)dJO OO0O.

6) FKBP12O FKBP12.6 OO0OO OO0 OOO
00 0000 0000 00000 00 OO0 a MHC
promoterd OO0 OO pIBI vectord 300 loxPO
0000 pflox vectord OOOO targeting const—
ruct O0O0O0O0O.

4 E:

0 000 00 mrFKBP126 OOO0O OOOOO O

720

00 OO0 00000, FKBP12O FKBP12.60 O
00 ODD0-00000 ryanodine receptor] 00O O
00 000 000 00 oo0o ooo oo ooo
0000 00 FKBP12O FKBP12.6 OOOO OO
00000 000 O 0000000 Ooooo goo
0 000 0000 oooooo ooo ooo o o
000 oooo.

ZAM C{OFKBP12- FKBP12.6- O00OO- OOO-
ooooo.

0 000 199000 0000000 OOOOOOOO B
Oo0O 000 ooooo.
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