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ABSTRACT: As a member of a subclass of immunophilins, it is controversial that FKBP38 acts an upstream regulator of mTOR
signaling pathway, which control the process of cell-growth, proliferation and differentiation. In order to explore the relationship
between FKBP38 and mTOR in the Cashmere goat (Capra hircus) cells, a full-length cDNA was cloned (GenBank accession humber
JF714970) and expression pattern was analyzed. The cloned FKBP38 gene is 1,248 bp in length, containing an open reading frame
(ORF) from nucleotide 13 to 1,248 which encodes 411 amino acids, and 12 nucleotides in front of the initiation codon. The full cDNA
sequence shares 98% identity with cattle, 94% with horse and 90% with human. The putative amino acid sequence shows the higher
homology which is 98%, 97% and 94%, correspondingly. The bioinformatics analysis showed that FKBP38 contained a FKBP_C
domain, two TPR domains and a TM domain. Psite analysis suggested that the ORF encoding protein contained a leucine-zipper pattern
and a Prenyl group binding site (CAAX box). Tissue-specific expression analysis was performed by semi-quantitative RT-PCR and
showed that the FKBP38 expression was detected in all the tested tissues and the highest level of mRNA accumulation was detected in
testis, suggesting that FKBP38 plays an important role in goat cells. (Key Words: Cashmere Goat, FKBP38, Expression Pattern, Tissue-

specific, Gene)

INTRODUCTION

A new member of FKBP (FK506-binding protein)
family, FKBP38, was isolated from a cDNA library of
human T cells in the early 1990s (Lam et al., 1995). Then,
some researchers showed that FKBP38 gene was located on
chromosome 19, area p12 in human, and actually, that the
FKBP38 is a truncated product of FKBP8 gene insisting of
9 exons (Nielson et al., 2004). FKBP38 contains three kinds

of domain, FKBP_C domain, TPR domain, and TM domain.

In the absence of growth factors and nutrition, FKBP_C
domain may bond to the mammalian target of rapamycin
(mTOR) to restrain the phosphorylation of S6K1 and
4EBP1 (Bai et al., 2007) which are the downstream
regulatory factors of mTOR signaling pathway. While in
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conditions of rich growth factors and nutrients, FKBP_C
domain may interact with Rheb (Ras homolog enriched in
brain)-GTP to activate the mTOR downstream signaling
pathway by releasing mTOR from FKBP38 (Bai et al.,
2007). With the interaction between TPR domain of
FKBP38 and S4 subunit of 26S proteasome, FKBP38 could
anchor the 26s proteasome at the organelle membrane
(Nakagawa et al., 2007). With the help of TM domain,
FKBP38 can locate Bcl-2 and Bcl-XI at the mitochondrial
membrane, which are key regulators of apoptosis pathway
(Kang et al., 2005; Wang et al., 2005; Chen et al., 2008). All
experimented mice, with knockout FKBP38 gene, would
have different congenital malformations (Bulgakov et al.,
2004; Shirane et al., 2008; Wong et al., 2008). This
demonstrates that FKPB38 plays a key role in early
embryonic development.

There is some evidence indicating that Rheb, a small
guanosine triphosphate (GTP)-binding protein, interacts
with mTOR and activates the enzymatic activity of mTOR
by binding the Rheb-GTP to mTOR directly (Long et al.,
2005; Long et al., 2007). However, the functional
relationship between Rheb and mTOR is puzzling because



Zheng et al. (2012) Asian-Aust. J. Anim. Sci. 25:758-763

of the identification of FKBP38, a mitochondrial membrane
protein, as an endogenous mTOR inhibitor. Rheb-GTP can
apparently induce the releasing of mTOR from FKBP38
through interacting with FKBP38 directly (Bai et al., 2007;
Ma et al., 2008). In this model, GTP-bound Rheb binds to
FKBP38 and induces the release and activation of mTOR.
However, a later paper reports that the interaction between
Rheb and FKBP38 could not be detected in three different
in vitro assays (Uhlenbrock et al., 2009). The detailed
mechanism of the interaction between Rheb and FKBP38
requires further investigation as the link between mTOR,
Rheb and FKBP38 is not clear.

Although the FKBP38 has been identified in mouse
(NP_034353) and human (AAO039020), its physiological
function has not been fully investigated and remains to be
unclearly defined. In the present study, in order to explore
the function of FKBP38 in goat cells, we cloned the code
sequence fragment of the FKBP38 gene cDNA from Inner
Mongolia Cashmere goat (Capra hircus) and analyzed its
molecular characterization using the basic bioinformatics
methods. Semi-quantitative RT-PCR was used to detect the
relative expression levels in various tissues of the Cashmere
goat.

MATERIALS AND METHODS

Animal and tissue samples

Inner Mongolia Cashmere goats were bred on a natural
diet in Inner Mongolia, China. Tissues including testis,
brain, liver, lung, mammary gland, spleen and kidney were
collected from the goats after slaughter. Tissue samples
were immediately frozen in liquid nitrogen and stored at
-80°C.

Cell culture conditions

Inner Mongolia Cashmere goat fetal fibroblasts (GFb
cells) were maintained as monolayer cultures in
DMEM/F12 (D-MEM/F-12, Gibco, Paisley, PA49RF,
Scotland, UK) supplemented with 10% fetal bovine serum
(FBS) and 100 U/ml penicillin G and 100 mg/ml*
streptomycin (FBS, Hyclone Laboratories, Inc. Logan, UT
USA and penicillin/streptomycin, Sigma-Aldrich, Inc. St.
Louis USA). Cell cultures were maintained and incubated at
37°C in humidified air with 5% CO.,.

Total RNA extraction and cDNA synthesis

Total RNA was isolated from testis, brain, liver, lung,
mammary gland, spleen, kidney and fetal fibroblast cells of
Inner Mongolia goats, using an RNAzol kit (RNAiso Plus,
TaKaRa Co. Ltd., Dalian, China). RNA concentration was
determined spectrophotometrically (3231, Thermo Fisher,
Waltham, USA). mRNAs were reversely transcribed with
an AMV 1st strand cDNA Synthesis kit and an oligo d (T) 15
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primer according to manufacturer’s protocol (Takara Co.
Ltd, Dalian, China).

Cloning and sequencing of the gene encoding Cashmere
goat FKBP38 protein

To amplify FKBP38 gene code sequence (CDS)
fragment from the Cashmere goat, a pair of specific primers
were designed (fw: 5'- GATCCCAGCAGCATGGCGTCT -
3'; brv: 5'- TCAGTTCCTGGCAGCAATGAC -3') based on
the human (AY278607), cattle (BC122594) and mouse
(AY225340) FKBP38 gene nucleotide sequence. PCR was
conducted with an initial denature action step at 94°C for 4
min, followed by 94°C for 30 s, 70°C for 30 s, and 72°C for
90s, 35cycles and 72°C for 10 min. PCR reaction mixture
(10 ul) containing TaKaRa LA Taq (TaKaRa Taqg Version,
Takara Co. Ltd., China) 0.1 ul, dNTP Mixture (2.5 mm
each) 1.6 ul, template cDNA 1.0 pl, fw (10 uM) and rv (10
uM) mixture 2.0 pl, 10xLA PCR Buffer, (Mg plus) 1 pl
and d3H,0 4.3 pl. PCR products were electrophoresed and
analysis made by an electronic UV transilluminator (UVItec,
London, UK). The PCR products were purified and cloned
into a pMD19-T vector (Takara Co. Ltd, Dalian, China)
followed by sequencing.

Tissue distribution of Cashmere goat FKBP38 mRNA

Tissue distribution of FKBP38 mRNA was performed
using semi-quantitative RT-PCR analysis. Total RNA from
testis, brain, liver, lung, mammary gland, spleen and kidney
was extracted and converted to cDNA. The PCR
amplifications were performed in 10 ul total volume for 30
cycles at the appropriate annealing temperature with the
primers similar to that of the CDS fragment. FKBP38
MRNA was detected in different tissues while B-actin as a
loading control.

Bioinformatics analysis

Nucleotide sequences of goat FKBP38 cDNA and
deduced amino acid sequence was accomplished by the
NCBI BLAST program (http:/Ammw.ncbi.nim.nih.gov/BLAST/).
Predictions of open reading frames (ORFs) and theoretical
molecular weights of deduced polypeptides were performed
by the Protein property calculator (http://www.basic.
northwestern.edu/biotools/proteincalc.html). The protein
Isoelectric Point was predicted by the calculation of protein
isoelectric point (http://isoelectric.ovh.org/). Subcellular
localization of the FKBP38 was predicted by the PSORT
program (http://psort.ims.u-tokyo.ac.jp/form2.html). Protein
domain analysis was searched by the SMART program
(http://smart.embl-heidelberg.de/) and the EMBL-EBI
InterProScan  program  (http://www.ebi.ac.uk/Tools/pfa/
iprscan/). Protein prosite patterns analysis was identified by
the Psite program (http://www.softberry.com). The bands on
gel were analyzed by Carestream MI software
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Figure 1. Phylogenetic tree for FKBP38 protein in seven species. The deduced goat FKBP38 amino acid sequence was aligned with
other homologous animal FKBP38. The phylogenetic tree was constructed by neighbor-joining method using MEGAA4.1 software. The
species and gene GenBank accession number of FKBP38 protein are Bos taurus (NM_001205721), Canis lupus familiaris
(XM_541935), Equus caballus (XM_001503329), Homo sapiens (L37033), Mus musculus (AY225340) and Rattus norvegicus

(BC107454).

(http://www.carestream.com/). A phylogenetic tree was
constructed by MEGA4.1 (http://www.megasoftware.net/).

RESULTS

Cloning and characterization of FKBP38 gene cDNA

The cDNA of FKBP38 gene (GenBank accession
number JF714970) from Inner Mongolia Cashmere goat
was amplified by RT-PCR. The cloned cDNA fragment was
1,248 bp in length and analysis of the sequence revealed the
ORF from nucleotide 13 to 1,248 encoding deduced 411
amino acid residues. The full cDNA nucleotide sequence
shares 98%, 94%, 90% identity with cattle, horse, and
human, respectively. The putative amino acid sequence
shows the high homology which is 98%, 97% and 94%,
correspondingly.

To elucidate phylogenetic relationships of FKBP38, the
amino acid sequence was aligned with other homologous
animal FKBP38. Phylogenetic tree based on protein
sequences was constructed as shown in Figure 1.

Primary and secondary structure of the putative
FKBP38 protein

The deduced FKBP38 protein of the Cashmere goat
consists of 411 amino acid residues and its predicted
molecular weight is 44,404 Da for the unmodified protein
and the estimated isoelectric point (pl) is 4.53. The basic
amino acids comprise 12.4% Leu, 11.7% Ala, 10.0% Glu,
8.8% Pro, 6.7% Val and 6.7% Gly. The putative FKBP38

FKBP_C domain

protein contains a FKBP_C domain starting at position 114
and ending at position 199, two TPR domains from amino
acid 271 to 304 and amino acid 305 to 338, and a TM
domain from the position 389 to 408 (Figure 2). There are 2
N-glycosylation sites, 6 protein kinase C phosphorylation
sites, 7 Casein kinase Il phosphorylation sites, 7
Microbodies C-terminal targeting signals, 1 cAMP- and
cGMP-dependent protein kinase phosphorylation site, 1
Tyrosine kinase phosphorylation site, 1 Prenyl group
binding site (CAAX box), and 1 Leucine zipper pattern
within the FKBP38 protein . The protein prosite comparison
of FKBP38 with that of other animals was constructed
(Figure 3). Its predicted subcellar location is in
mitochondria.

Tissue distribution of the Cashmere goat FKBP38
MRNA

To determine the steady-state level expression of
FKBP38 gene in different tissues of goat, semi- quantitative
RT-PCR analysis was carried out with total RNA extracted
from testis, brain, liver, lung, mammary gland, spleen,
kidney (Figure 4). FKBP38 gene was expressed in all the
tested tissues and the highest level of mRNA accumulation
was detected in testis.

DISCUSSION

As a member of FKBPs family, FKBP38 was thought to
have PPlase (peptidyl-prolyl cis-trans isomerase) activity.

TPR domain
305 338
] C 4llaa
389|408
TPR domain TM domain

Figure 2. The predicted domain of goat FKBP38 protein. One FKBP_C domain locates from amino acid 114 to 199. Two TPR domains
locate from amino acid 271 to 304 and amino acid 305 to 338. And one TM domain locates from amino acid 389 to 408. The FKBP_C
domain and TPR domain were predicted with EMBL-EBI InterProScan program (http://www.ebi.ac.uk/Tools/pfa/iprscan/) and the TM
domain was predicted with SMART Software (http://smart.embl.de/).
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Capra hircus MASCAEPSAADPEPTAPPPAGVPPLEDFEVLDGMEDAEGVEEEEEE
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..... DLSELPPLEDVGQPPLEEAGQPGALAREFLAAMEPEPEPAPAPDEWLDILGNGL 100

Bose taurus V— S B 99
Homo sapiens ——————— e I V E M A—-E A E 101
Rattus norvegicus —VW——.... —AQLLC-A-L—G——VD—........ G M—=TV-=<E i E 91
Mus musculus —W——. ... —A-LRLP-A-L-—G——VD—........ G M—TV—-E T E 91
Capra hircus RVQEEPELVFTLGDCDV IQALDLSVPLMDVGETAMVTADSKYCYGPQG. RSPY IPPHATLCLEVILKTAVD 204
Bos taurus D S A 204
Homo sapiens V- H : A 205
Rattus norvegicus T—- L H—M A H S A E- 196
Mus musculus —MN K L H—M A A E- 195

Capra hircus

GPDLEMLTGQERVALANRKRECGNAHYQRADFVLAANSYDLTTKATTSSAKVDMTFEEEEQLLQLKVKCLNNLAASQLKLDHYRAAL RS@QLEHQPDXIKAL F 309

Bos taurus A 309

Homo sapiens A A 310
Rattus norvegicus S A N C——E Q 301
Mus musculus S A NT—=———C——E Q 300
Capra hircus REGKVLAQQGEYSEATPILRAALKLEP ‘\ AELSKLVKKHAAQRSTETALYRKMLGNPSRLPAKCPGKGAWSIPWKWLFGATAVALGGVALSVVIAARN 411

Bos taurus -K 411

Homo sapiens —K 412
Rattus norvegicus —K R 403
Mus musculus —K R 402

Figure 3. Predicted Psites of FKBP38. Alignment of the amino acid sequence of capra hircus (JF714970), bos taurus (NP_001192650),
homo sapiens (AA039020), rattus norvegicus (NP_001032257), mus musculus (NP_034353). Predicted N-glycolsylation site is marked
by pane. Protein kinase C phosphorylation sites are marked by double underlines. Casein kinase Il phosphorylation sites are indicated by
double wavy lines. Prenyl group binding site (CAAX box) is marked by gray shadow. Microbodies C-terminal targeting signal sites are
marked by black shadow. cAMP- and cGMP-dependent protein kinase phosphorylation sites are marked by wavy line. Tyrosine kinase
phosphorylation site are marked by a hidden line. Leucine zipper pattern are marked by an underline. All these were determined using the

Psite software (http://www.softberry.com).
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Figure 4. Expression of FKBP38 gene in different tissues. (A)
Semi-quantitative RT-PCR detection of FKBP38 transcripts while
B-actin gene as a loading control. (B) The bands on gel were
analyzed by Carestream M1 software.

However, some researchers reported that unlike other
characterized members of the FKBPs family, FKBP38 may
not possess detectable PPlase activity because the FKBP_C
domain in FKBP38 contains a number of mutations at the
PPlase active site (Lam et al., 1995; Liu, 2003; Weiwad et
al., 2005). As shown in Figure 2, FKBP38 contains a
leucine zipper motif from amino acid 277 to 298 which
overlaps the first TRP domain, indicating that FKBP38 may
form multimers with itself through interaction with other
leucine-zipper-containing, or coiled-coiled-containing proteins
(Lam et al., 1995). In addition, mutants without the TM
domain were unable to associate with mitochondria the
result of which was that FKBP38 lost the ability to inhibit
mMTOR, suggesting that mitochondrial localization is
essential for FKBP38 having an inhibitory activity on the
MTOR signaling pathway (Ma et al., 2008). Meanwhile, it
seems that the CAAX box has some relationships to
mitochondrial localization (Shirane and Nakayama, 2003).
All indicated features in predicted domains (Figure 2) and
in predicted active sites (Figure 3) are very similar to
previous research results of FKBP38 in other species. These
results indicated that FKBP38 gene was correctly cloned
from Inner Mongolia Cashmere goat.

Rheb is an upstream regulatory factory in mTOR
signaling pathway and the Rheb-GTP can activate mTOR to
advance the signals to endogenous S6K1 by
phosphorylation at its residues Thr389, Thr421 and Ser 424
(Castro et al., 2003; Sarbassov et al., 2005; Sato et al.,
2008). Rheb contains a RAS domain, including switch |
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region and switch Il region. It has been demonstrated that
the switch | region can interact with the FKBP_C domain of
FKBP38 to remove it from mTORCL1 in cells (Maestre-
Martinez et al., 2006; Ma et al., 2008). Meanwhile, some
evidence showed that the FKBP38 protein lacking the
FKBP_C domain, which was highly similar to FKBP12,
was unable to interact with Rheb (Ma et al., 2008). As
shown above, goat FKBP38 has a FKBP_C domain.
Meanwhile, we have cloned the goat Rheb gene and a Ras
family conservative domain was predicted from the
deduced amino acid sequence (GenBank accession humber
HM569224). Based on this information, we propose a
hypothesis: The FKBP_C domain of FKBP38 and the
switch | region of Rheb may interact with each other and
regulate the mTOR signaling pathway in goat cells.
However, the exact mechanism still needs to be further
studied.

The results of semi-quantitative RT-PCR in adult goat
tissues indicated that FKBP38 was expressed in various
tissues. It was reported that FKBP38 expression was
enriched in brain but restricted to the heart, placenta, lung
and skeletal muscle tissues in human (Lam et al., 1995). In
this study, the goat FKBP38 mRNA was expressed at the
comparatively highest level in testis and strongly expressed
in liver while its expression was restricted in brain, lung,
mammary gland, spleen and kidney. These results may
suggest that FKBP38 play a more important role in testis
and liver than in low expression level tissues. So its
function in goat may be different from that in human.

CONCLUSIONS

In conclusion, our data shows that FKBP38 cDNA was
cloned from the Inner Mongolia Cashmere goat. The cloned
gene is 1,248 bp in length, including a complete ORF
corresponding to a polypeptide of 411 amino acids and 12
nucleotides in front of the initiation codon. FKBP38 gene
was expressed in all the tested tissues and the highest level
of mMRNA accumulation was detected in testis tissue.
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