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We report here the entire exon/intron structure of
the gene encoding the a-subunit of human Rab gera-
nylgeranyl transferase (RABGGTA) gene, which is
positioned in a tandem head-to-tail arrangement
with the transglutaminase 1 (TGM1) gene, and its
polyadenylation signal sequence is located just 2.3
kbp upstream of the capsite of TGM1. Even though
TGM1 and RABGGTA have different functions, their
close localization raised the question as to whether
they are functionally related in the epidermis. To ad-
dress this question, we have studied the expression
of the two genes by RT-PCR in normal human epider-
mal keratinocytes cultured under various differenti-
ation conditions. While the expression of the TGM1
gene is markedly affected by the calcium concentra-
tion of the medium, all trans retinoic acid, vitamin
D;, and TPA treatment, the expression of the RAB-
GGTA gene was unaffected by these reagents. Taken
together, even though these two genes are unusually
closely linked, they are not functionally related in
the terminal differentiation program of epidermal
keratinocytes. © 1997 Academic Press

Transglutaminase 1 (TGase 1) is a member of the
family of enzymes which catalyze the isopeptide
crosslinking of proteins through the formation of N*-
(v-glutamyl) lysine bonds (1,2). TGase 1 is important
for the formation of the cornified cell envelope, a 15-
nm thick layer of insoluble protein deposited on the
intracellular side of terminally differentiating stra-
tified squamous epithelial cells. Mutations of the
gene encoding the TGase 1 (TGM1), located at chro-
mosome position 14q11.2 (3,4), are known to cause
some cases of lamellar ichthyosis (5-8). In ongoing
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studies of the promoter region of human TGM1, pre-
viously we have cloned and sequenced a genomic
clone containing 7.3 kb upstream sequences from the
TGML1 capsite (3).

Recently the complete cDNA sequence encoding the
a-subunit of human Rab geranylgeranyl transferase
(Rab GGTase) was reported (9), and remarkably, its
distal 3’-sequences showed high homology to portions
of a 2.9 kbp clone of the rabbit TGM1 promoter (10).
Sequence alignments suggested that the RABGGTA
and TGML1 genes may be very closely linked to each
other, so that the former may overlap key regulatory
elements of the latter (9). We have found that the 7.3
kbp of sequence of the human TGML1 obtained in our
laboratory covers most of coding region of the human
RABGGTA gene, and in this paper we describe the
complete gene structure of this gene.

The Rab GGTase enzyme (formerly known as compo-
nent B or GGTase-11) attaches 20-carbon geranylgera-
nyl groups to Rab proteins that bear double cysteine
motifs at their COOH-terminus such as Cys-X-Cys and
Cys-Cys, where X may be any amino acid (11). Thus
the TGase 1 and Rab GGTase enzymes have different
functions. However, the observation that their genes
are so closely organized in the genome and overlap if
not share common regulatory elements may mean they
are coexpressed and functionally related in keratino-
cytes (12), as for example are the cluster of genes encod-
ing the epidermal differentiation complex on chromo-
some 1921 (13). Furthermore, the close linkage raises
the possibility that the RABGGTA gene may be in-
volved in cutaneous disease. To investigate these ques-
tions, we have studied the expression of these two
genes by RT-PCR in normal human epidermal kera-
tinocytes (NHEK) cultured under various differentia-
tion conditions.
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MATERIALS AND METHODS

Characterization of a human genomic clone containing the pro-
moter region of TGM1. To characterize the promoter region of the
TGM1 gene, we have sequenced 7.3 kbp of the 5’-end of a human
genomic clone gTGM1-32 (3). This data contained all but 383 nt of
the cDNA sequence reported for the a-subunit of Rab GGTase en-
zyme (9). To complete the gene sequence we designed a primer from
the 5’-end cDNA sequence of Rab GGTase enzyme «a-subunit (1+:
5'-CCTCGCGCT-CTGGCCCGGGCAAT-3’), and a primer from 5’'-
end sequence of the gTGM1-32 clone (2-: 5'-CCAGCTGCTGGAGCA-
CCTCTCGT-3"). By standard PCR procedures using human genomic
DNA as template (4), we amplified a 1041 bp PCR product, which
was sequenced to recover the missing genomic sequences.

Primer extension analysis. To confirm that the 5'-end of the cDNA
sequence of the Rab GGTase a-subunit (9) included the entire tran-
script, we performed a primer extension experiment. An AMV re-
verse transcriptase primer extension system kit (Promega, Madison,
WI) was used according to manufacturer’s protocol. In brief, a specific
backward primer (5'-GACTAGGACTTCCATCCGTGTG-3') de-
signed from the available 5’-non-coding sequences of RABGGTA, was
end-labeled with y-**P-dATP, and annealed with 1 ug of polyA™ RNA
extracted from human fetal brain tissue (Clontech, Palo Alto, CA)
at 60°C for 30 min followed by extension for 45 min at 42°C.

Cell culture. Cryopreserved NHEK cells were obtained from
Clonetics (San Diego, CA) and grown in submerged cultures on calf
skin collagen- (Sigma, St. Louis, MO) coated flasks in keratinocyte
growth medium (Clonetics) in 0.05 mM calcium and 60 pg/ml bovine
pituitary extract. Third passage cells were seeded at 5 x 10° cells
per cm? and grown until they were 80% confluent. At this time the
medium of some flasks was shifted to 1.2 mM calcium and main-
tained for up to 8 days. At the time of the calcium shift some cultures
were grown in the presence of 1.2 mM calcium plus retinoic acid (5
x1077 M), or vitamin D5 (1x10~7 M), or TPA (10 ng/ml), or DMSO
(0.01%, as solvent control). Retinoic acid, vitamin D;, TPA and
DMSO were added to the high calcium media just before use.

RT-PCR. Cells from one or two 75 cm? culture flasks were used
to isolate total RNA (15). RT-PCR reactions were performed using
the EZ rTth RNA PCR kit (Perkin Elmer, Branchburg, NJ) following
the manufacturer’s instructions. The reaction conditions were care-
fully examined to stop the reaction during the exponential phase
of amplification of each gene. Briefly 100 ng (for amplification of
RABGGTA or GAPDH), 25 ng (for TGM1), or 0.4 ng (for 18S rRNA),
of total RNA were reverse transcribed and amplified in the same
tube in a total reaction volume of 10 ul in the presence of 3 uCi of
a-2P-dCTP (Amersham, Arlington Heights, IL). The amplification
parameters were as follows: 2 min at 95°C; 45 sec at 95°C; and 45
sec at 60°C. Linear amplification was observed after 20 cycles (for
RABGGTA, GAPDH or 18S rRNA) or 13 cycles (for TGM1). Five to
ten pl of the reaction were electrophoresed on a 6% polyacrylamide
gel, which was then dried. For quantitation of the RT-PCR products,
bands were excised from the gel and counted on a scintillation
counter Beckman LS6500. The primers used were: TGM1: (+) 5'-
CCCGTACTGTCACCAACT-3’, (-) 5'-GGCCTCTTCATCCAGCA-
GTC-3'; RABGGTA: (3+) 5'-TCAGACTTCAAGGGCTACCACTGG-
3’, and (2-); GAPDH: (+) 5'-TGAAGGTCGGAGTCAACGGATTG-3’,
(=) 5'-GCCATGGAATTTGCCATGGGTGG-3'; 18S rRNA (+) 5'-
AGTTGCTGCAGTTAAAAAGC-3’, (—) 5'-CCTCAGTTCCGAA-AAC-
CAAC-3'. Each primer was designed to cross over intron/exon bound-
aries to ensure amplification of MRNA only. Products were validated
by size determination and restriction enzyme digestion

RESULTS AND DISCUSSION

Genomic organization of RABGGTA. We have pre-
viously described the human genomic clone gTGM1-32
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which contains the first nine exons of and 7.3 kbp of
upstream sequences of the TGM1 gene (3). Following
complete sequencing, this 7.3 kbp upstream region was
found to contain 14 exons and 13 introns of the RAB-
GGTA gene. However, comparisons with the published
cDNA sequence encoding human Rab GGTase (9) re-
vealed that 383 bp of cDNA sequences were missing
from the 5’-end. By PCR, using primers located at the
5’-end of the published cDNA sequence and at the 5’'-
extent of our genomic clone (see Methods), we gener-
ated a 1041 bp fragment which encoded two additional
exons and introns of RABGGTA. Exon | of the RAB-
GGTA gene contained 272 nt of the 5’-non-coding re-
gion, including three nt of the likely initiation codon,
and exon Il contained the missing 111 nt of coding
sequences (Fig. 1).

The complete genomic structure of the human RAB-
GGTA gene consisted of 16 exons encoding 567 amino
acids and 15 introns, and spanned 5858 bp. Fig. 2
shows the genomic organization of RABGGTA gene to-
gether with the intergenic sequence between RAB-
GGTA and TGM1. The capsite of TGML is located 2332
bp downstream from the end of the RABGGTA tran-
script so that the two genes are organized in a tandem
head-to-tail arrangement. 5’-prime extension analysis
(data not shown) revealed that the likely capsite of the
RABGGTA gene is located within 10 bp of the pub-
lished cDNA sequence. By use of a commercially avail-
able sequence comparison program, there was no sig-
nificant homology in either exon or intron sequences
between RABGGTA and TGM1 (data not shown). Com-
parisons of our genomic sequences and the cDNA se-
quences (9) revealed two nt variations that resulted in
amino acid changes: codon 404 (exon XII) AGG (arg)
changed to ACC (thr); and codon 502 (exon XV) GAG
(glu) changed to GAC (asp).

The RABGGTA and TGM1 genes are not co-regu-
lated by calcium in NHEK cells. Because of the close
proximity of the RABGGTA and TGM1 genes, we
wanted to investigate whether they are co-regulated
during terminal differentiation in keratinocytes. We
cultured NHEK cells and induced them to differenti-
ate with calcium. Total RNA was extracted from cul-
tures and used for RT-PCR to amplify TGM1, RABG-
GTA, GAPDH and 18S rRNA. For each pair of prim-
ers, cycling parameters and reaction conditions were
established to ensure that amplification remained in
the linear range (see Methods).

Fig. 3A shows the results for RABGGTA and TGM1
when normalized for GAPDH mRNA content. While
TGM1 mRNA expression showed an induction in cells
grown in high calcium medium, RABGGTA mRNA ex-
pression was repressed. Since some of the total RNA
samples exhibited consistent and significant discrepan-
cies between optical density readings and GAPDH con-
tent, we repeated the experiments using 18S rRNA for
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CCTCRCGCTCTGECCCEGCGARTCGGGCTAT: GGGCCA 44
ACGGATGGAAGTCCTAGTCCGGGTGCTCACCTCTTGTGGAACGTGCARAGCC TGTCCCAGGACCTCTTTACACTC 119 Intron 10 - Exon XI
TGOGGGTCTCTGCCCAGGCACGETTGCTGCTTCCGGACACAGCTGTGEGCGGAGCTAGT GGGGCTACGT 194 [
GATTGACACTTCTCTCCTCAGACTTCAAGGGCTACCACTCGACCCTTCCCCTATCTTGARCCCTGAGCCGGCACT 269 E LSV EKSTUVL QS 366

Exon I ggectcaaactect TGTCAGTGGAGAAGTCCACAGTGCTGCAGTCTG 3233
Intron 1 N
Exon XI Intron 11
ATGgt ga ccctteacct acccccagtggeagtgecatggttge 345
ceegtatgaacctagggctecacagtgtggggtttttgcaggteatcttetgcaaggcaacctgeactcttecaac 421 ELESCKELO QETLETPEHNTKHW 383
AGCTGGAATCCTGTAAGGAGCTGCAGGAGCTGGAGCCTGAGAATAAATGE gaggecccat teegtgagagtctgct 3309
Intron 1 j Exon 1T
HGRLEKVYV KTSETEGO QA ATEH BATEKT RTLER 21 ttocagtgt 3385
cegttoatecttgtagCACGGACGCCTGAAGGTGAAGACGT! CGGAGGCCAAAAGG 497
g gtag TAGAGCGA Intron 11 Exon XII
Exon 11 Intron 2 L LTI I L L M 392
EQKLKLTYQSATO QATYFQ K 18 te ccttttecctgecctetoctcaggETECCTGCTTACCATCATCCTGCTGATS 3461
GAGCi AGCTGAAGCTATACCAGTCAGCCACCCAGGCCGTATTCCAGAAGY tyggggcact cagaggtagecccga 573 Exon XII ~—— Intron 12
1
agctcccttagtatagt. ggtccotagagtcagactgcctagatecaattety 649 R AL D©PLTLYERKETLSJQYFQTIL K A 413
ggttatctcacttataactgtatgactttgggeaagttgctgaatctetttgggecteagtttgcteatctgtaaa 725 CEGECACTEEACCCCCTGCTGTATGAGAAGGAGRCCCTGCAGTACTTCCAGACCCTCARGGCaagt totgtatgca 3537
atggggctaataattgeacctactgeataaggetgttgtgaagatt cetgt. aag 801
catggttcatagtacctgttgtataatgtgggattcacagaatattyggatggttttaagtttacgttatttagtee 877 atgcataccet atccactcca 3613
Intron 2 * Exen I1T Intron 12— Exon XIII
RoAGELDES a7 iffvDePMRATYLDDLRSEKTFTLTLENSVLK 437
tgtagtgggaaaattatatgatctotaaccetgocacctatettet tagCGCCAGECTGGTGAGCTGGATGAGTCS 953 9gECOTGEACCCCATCCCCECAACCTATCTGGATCACCTECGCAGCAAGTTCTTGCTGGAGAATAGCGTGCTCAAG 3689
Exon XIII Intron 13
VLELTSOQTILGANTPDTFHATTELWNTC CR 72
GTGCTGGAACTGACAAGCCAGATTCTGGGAGCCAACCCTGATTTTGCCACCCTCTGGARCTGCCGACGAGAGETGE 1029 M E Y AEVRUVLHLAHK 451
ATGGAGTAT GGTGCGTGTGCTGCACCTGGCTCACARGGEatgggetgceatgeatgecttccectggecct 3765
Exon IIT — Intron 3
L g QL ETOQRK | 80 catccegetggecteaccacgtocctgactttgcecccagtotcaggtgect ttgtggacttocaatcaagataga 3841
TCCAGCAGCTGGAGACTCAGAAGTgCYtagggat teaggatct ggccet ge 1105 gtteatcect 9 ctgteact cttettcttgecacteac 3917
tttcaaatcccgagteaccaggacctocttgtgetgtttettoccecaggctggteacaagetteatettocttcag 3993
ctgggte caeat tagat 1181 agtgaceget t t tcaccet ccaatacct 4069
atactttceagagattectgagaagttgtocaggetacactttoctagtectteccaacacattagttttateaca 4145
Intron 3 — Exon IV t tt catctctgecteat ccecatgggggaccagtett 4221
s p E E 84 tgttt actgage tgt 't tectoct. ggtt 4297
tygaggggtgagetgaggttgactgtaggagagecctgacececeoctteccttotgggtacaggtCTCCTGAAGAG 1257 gtctgteccacgteatgtactgetgtggy t cecat 4373
cctettettggetgggg gt tgtgectaataaatget 1449
LAALVYKAETLGPFTLTES CLERVYNEP ZKSZYGT 109 Intron 13 [ Eeon x1v
TTGGCTGCTCTGGTGAAGGCAGAACTGCECTTCCTGGAGAGCTGCCTGCGRGTGAACCCCARGTCTTATGGTACCT 1333
DL TV L CHL a5
HHERGCMWLOLGRTILGPETPSNMWTRETLTETLS A ATERFE 135 tctcccaggtetect cacctecttecteecttea TGACAGTGCTCTGCCATCT 4525
GGCACCACCGATGCTCGCTGCT GCCTGCCTCAGCCCAACTGGACCCGAGAGCTGGAGCTCTGTGCCCGTIT 1409
EQLLLVTHLDTLSHNE RTLERTTL?P?PATLAA 484
Exon IV Intron 4 GGAACAGCTGCTCTTGGTCACCCATCTTGACTTGTCACACAATCGCCTCOGAACCCTGCCACCTGCACTGGCTCE 4601
L EVDERN 142
Exon XIV —— Intron 14
CCTGGAGGTGGATGAGCGCGAACTgtacgtggctgragattctgteccecacageecteacctgeccacattetggta 1485
ctggggecteagt atccaggatgggteces tg 1561 L R CL EV 491
gyagecasatgcatcctoogtagagtgcactaagtyt ttotaggggttaot . 1637 CTGCGCTGCCTTGAGGTaaagtacccatgtet cegtecctgteacgggtygttottttactettoctoteccteag 4677
Intron 4 Exon V aagtctgecnateen gt tgectt tc 4753
FHCWD YRR 150 cetgt tgtgctotgtggaccegtcaccotgagetectcagttgetgaaccateae 4829
ggtagetectettgecctgectetaagatatgetgteaccteteccctccagTTCACTGCTGGGACTATCGGCGET 1713 Intron 14 Exon XV
FVATOQAAY PPAEETL s L I TRNFS 176 LQASDNATIE 499
TTGTGGCCACACAGGCAGCCGTGCCCCCTGCAGAAGACCTAGCC TTCACTGACAGCCTCATCACCCGARACTTCTC 1789 tggctgacagegectgtoctgecteccetgecctecctgeooocaggtGCTGCAGGCCAGTGATAATGCCATAGAG 4905
N ¥ S S wWHYRSGC CLTLZP?OQLHTPQPDSGEPQG 201 Exon XV - Intron 15
CAACTACTCTTCCTGGCATTACCGCTCCTGTCTCTTGCCCCAGCTGCACCCCCAGCCGGATTCTGGACCACAGGEG 1865 $LDGVTNLERTLG QETLLLCHNN 518
TCCCTGGACGGCGTCACCAACCTACCCCGECT GGAGCTGCTACTGTGC, AACCgtatccttceccttotgagt 4981
Exon V Iatron §
R L P E DV L L K 210 gecttteagacagtgggtaaagtgaggt atgtgccacectet 5057
GCeTCCCT TGTGCTGCTCARAGY gagt tgcagtgcccacce 1941 tgeagggeaggagagagggggetetgtagtgtgagttgaagggggagagectggggctgtegggetatoactgace 5133
tgcactggtggagttytgcggagtggact tect caagt gttcttcag 5209
e atgectgaccotgttccttgaacetgtoact cagget tattgag acttcatgegtggete 2071 gtctatgtagttttttgaaaat tteatactee tagagttetaattectotettaaaa 5285
caggagtacttaagantcast ctaagtatet tanaactgacatacgt 2093 ‘attggaagttagageaaaccttacactggtattttcacteageageccttggtcattgotgaatagtaaatgtte 5361
ageccetat gt ggaagtact aggotgttogagt 2169 tttggaccaggetagatttecacettatcataccotgeaccacteccctgatactacaccagettgegtagogtot 5437
tgeggeteattetttectggetgaceetgtyggtaggeatttgcagteoctgectagagoctgactooctecaggg 5513
Intron 5 — Exon VI agcatatgagatgeccat 4 cceccagetettgagggt. aaat 5589
E L ELV QN 217 Intron 15 [ Exon Xvi
accagtgteetga teet TGGAGCTGGTGCAGAAT 2245
RLQOQFPAVTILOQTPLA 53
Exon VI — Intron 6 tgggaggaacctgecaaget Lt et tgact cLectgaacaagGCCTCCAGCAGCCTGCAGTGCTCCAGECTCTIGE 5665
A FF TDPONDOQSAMWTEFTYHRIUWLLGR 238
GCCTTCTTCACTGACCCCAATGACCAGAGTGCCTGGTTTTATCACCGTTGGCTCCTAGGCCGaggt gageaatgag 2321 §¢PRLVLLNLQGNS®P?LCOQAYVGILES QL 555
CTCCTGCCCCAGGCTGRTCCTCCTCAACCTGCAGGGTAACCCGCTGTGCCARGCGGTCGGCATCTTGGAGCARCTG 5741
© Exon VII
Intron 6 [
a 239
B
gaaaggggcergggtgtitagegettaataggaat tt tgacactgtctecccgeAGCT 2397 A ELLPSVSS VLT 567
GCTGARCTGCTGCCTTCAGTTAGCAGCGTCCTCACCIAAGAGGCCCTGCCCCCTACCCTTGCCCTTTAACTTATTG 5817
D P QDALRCLUHVYV SRDEATCLTV VS F S R P 264
Gaccoe A T T T A TG A CeEeACGAGE O TETCTCAC T TE TeeTreToTeRscece 2413 GGACTGAATARAGAATCGAGAGGCCCCTCTCAGGCTACCARGCTGTTGTCGCTGCTATCACTACACCACCACCTTIC 5893
Exon VIT— —— Intron 7 ATCACTTTTATTTTTTGARAAGAAAGGGAAGAGA TGTTGCCAGCTCCTTCTTTCTGCGCCATCCTATTG 5969
L oL v 267 TTTCCTCTC AAGGCTTCAGTGTTTGGGGCAGAATTCAGGGTGARGGCTGAGCTTTTGTTTACCTTC 6045
TCTTAGTGagtcctgeagettttgteaagageactgtaggactgtggacctagtactgatggggctgaagtettty 2549 TTEGECT < ATTCCAAGCAGGAATA GCTCAGSTTCTGECTCTOCT 6121
AAGCTACAGAGCAGCTGTGAGTTTCTCCAGCTGCAAGCATCATACANTTTTTTCCCATGACCCCTGCACCTTCCAC 6197
Intron 7 — Exon VILI ATGTTCCCCCTGCCCTGGCCCCCATTCACCATAGE GGCTCAAGGGCTCCACGTTCC 6273
{c s R M E I L L LM VDODSGPOLIVETW 287 GGTGTCCTTECTCCGTCCTGCCTGAACAACACTATCEGTCCCCATGAGTAGCATTCTACGGTTGAAGTACCTTTGA 6349
tectttgtgecagyt geGCTCCAGGATCEACATCTTGCTGCTCATGATTGATGAT TCTCCCCTGATTGTGGAGTGE 2625 GAATACTTGATACCATTTGATCCTCACAGAGTCTCAGGGATGAGATTTTTAGGCCCAGTGTACTGAT T 6425
GCTGTTGAGACTTGCCCAAGETTCTTGECCAGAGCGCTTCAGCACTGARACCARAGTTGTCTCTACCCTTGGTCTA 6501
Exon VITT Intzon 8 ATT TTCTTGCTTCTGTATT 6577
R ™ P DG RNGERLPSHUV W 300 TCCTGAGCTGAGTGTCTECTCCCATGGTGTCCCCCCACACATACCATGTACACACCTIGTCCTGACCTAGAGACTE 6653
AGGACCCCAGATGGCAGGAACCGGCCCAGCCATGTCTGGgtat cecaggat tggtggggcagaagttggggtetgg 2701 CTGAGT ACTGACTCAAACCTGGCTGGGT ARA 6729
GATTGATTARAGCTAGGGAGAGAGTGTGACARAGGCATCCTACTGGTTCTCTGGGATCTGCCTGGGCCCACATGTG 6805
Intron 8 Exon IX CTCACACACGTCOGGACAGCCAGCCCTGCCCCTTCCCGTATCTGCAGTGATGCACARATCCGCAGCCCCTGCACAR 6881
L ¢ D 303 AGCCCTCTCGCTGACCTGCCTGGCCGTTTGATAT TGETGTGTCTACTGAGGGTCTTGGAGTGGCACTGCCCC 6957
tggttaggetagggcat tteat tgacceagtactcecagCTCTeTea 2777 CACCCCCGAGCAGETTCTGETGCTTGGAGCTGGACAAGAA. CAGTGTGGETE TCCCTGCCAGTT 7033
CCTGEGECCTCTCTGTCCCCACTCCCCACGECACCTCCCTGCCTGATGCATCACCARACAGCCCCTCCTGGATTCT 7109
L PAASLNDOTL P QHTEFRYTIWTAGTD DY 128 GTTTCCTIGIGTCTTCTTGTCAGCCTGTTTITACTGTCTTCTGCTAGGCGGCCCATGGGCAGAGCTGGGACACTAG 7185
CCTGCCTGCTGCCTCCCTCAACGACCAGTTGCCCCAACATACATTTCGCGTCATTTCGACAGCAGGCGATGTCCAG 2853 AGGCCCTARCTGRCARECCT CARGACCCA CTCCCTGAAG 7261
ATGCCTAGCCTCCTCCTCTCTACCTTGGAATCGCCTTAETGCCATCCTCAGTGTTTCCCCAGT, TGGAGT 7337
Exon IX —— Intron 9 AAGGATGCACACAGCACAGGTGCCTGAGCCGRTTGGTCTGGATTCCS TTCCAGGT GeA 7413
KB cvoLoL x o 316 ATCCTCTAGTCCAACTGAGCAGAGACTCCTCTCAGT TAAGTACTCTGTACCCT TCAGTTC 7489
AAAGAATOCOTGCT T T TARAAGGE gat . ortteont | 2u2n CCACCCAAGCCTGAGTGGTAAGGCCTAAACATCCCCTAACCCCCGGAGGCTACTAGCGGGGGTCCECACGTGARAT 7565
GAGATTCGTCCTCATCTGATCTCCCTAATCCCARACTTGAGGCAGCTCACTCATGCCTGGGGCTGTAGAGCAGCTG 7641
Intron 9 — Exon X A AGGACAGACTTGGGGGT TCAGATATCTGT CAGCAGGTCAGGGTTAGCTGGTGGAGE 7717
lR o cwerbpstTrToD 348 CAGTCTGAGGGCCTGGCTGCTGATGTCACCAGTCTGCAACTGGGATCCAGGACCTCCCTGGGCAGGATGAGTT 7793
cteaagggtgoaceat e cace GGTGCCAGGACTOCACGACAG 3005 GGACCCACCCTGECCAARTTTCATAGGCTGAGCCTGEACTTGGGCTGCAACAGARCTCGGCAGCAGGAGCCTGTGR 7869
GAGCAGAGGTAGGCAGCCTAAGCTTGGGACCAGAAGGTCCGCCAGACAGGECTGTGEGTGGAAGCCTGCCTGCCCC 7945
Exon X ~—— [“““ Intron 10 ACTGCCCTTGCAGCTTCTTCAT AGGGGCTCCTCACATGCCCAGTCTGETAGGAATCAGCCTGGTGCCA 8021
E QL F R C 354 GGGECCATCACAGCEGTACCTCCCACCARAGCCCAGCCTAAGCCCCCAGACCTCACCCCTGCTCCCTCCCTAGATC 8097
COAGCAGCTATTCAGGTSG togactotgggeat 1081 TTCTCCCCATTTCCCCGCCAGAGGCCTGGCCTCTTCTCTCCGCCCCCTACAGCAGTTTGGCCCCTCCCTCCCTACA 8173
[~ Exon I of Tax 1
v gttteagtctagatactgggaatgttgaccagtgettcagggetgtg 3157
TAAGTCACTTACCAGGTCTGTCCTGCGGCATCCAGTCTGTGGGTCCTGTCCCATCCATCCTGACCTGTTCCATCTE 60

FIG. 1. Complete structure of the RABGGTA gene. Exon and intergenic sequences are shown in uppercase letters. The exon/intron
boundaries are shown. The termination and polyadenylation signal sequences are underlined. The location of the capsite of the TGML1 gene
is shown.
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FIG. 2. Diagrammatic structure of the exons and introns of the RABGGTA gene and part of the TGM1 gene.

normalization. 18S rRNA content was found to be in
very good agreement with spectrophotometric mea-
surements. Fig. 3B shows that TGM1 was strongly in-
duced by the calcium treatment, as expected (16-18).

Ca*+* Concentration L L H L H L HL H
Days 0112 2 44 8 8
A RABGGTA T e e e
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FIG. 3. Expression of TGM1 and RABGGTA genes in low and
high calcium media: difficulty of normalization. The RABGGTA,
TGM1, and GAPDH mRNAs and 18S rRNA were examined by RT-
PCR amplification. Total RNA was extracted from cultured NHEK
cells grown in serum-free medium supplemented with 0.05 mM (L)
or 1.2 mM (H) calcium (Ca?*). Bands of amplified DNA were cut out
and counted to obtain the illustrated quantitative data. (A) Results
normalized to GAPDH mRNA content; (B) results normalized to 18S
rRNA content; (C) GAPDH mRNA content normalized to 18S rRNA
content.
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However the RABGGTA mRNA was unchanged when
the samples were normalized with respect to 18S rRNA
content.

GAPDH is not a reliable standard for mRNA levels
in NHEK cells. Thus it appears that although often
used as a normalization control in RT-PCR reactions,
GAPDH mRNA is not reliable in studies concerning
differentiating keratinocytes. Fig. 3C shows that
GAPDH mRNA expression in NHEK is reduced by a
factor of 6-fold and 3-fold following achievement of con-
fluency in low calcium and high calcium media, respec-
tively. Hence normalization of gene expression in
NHEK to GAPDH mRNA content leads to a several-
fold overestimate and may lead to an incorrect conclu-
sion. In the case of expression of the TGML1 gene, in
which induction by calcium is large (17), this discrep-
ancy does not alter data interpretation, unlike in the
case of the RABGGTA gene reported here. However, in
the case of TGMS3 gene, calcium induced expression
increases by only about 3-fold when normalized to 18S
rRNA content (19,20; PMS, unpublished data) so that
its induction properties might not be observed if
GAPDH mRNA were used for normalization. Thus me-
dia calcium concentration and confluency (this paper)
as well as UV light (21) and dioxin (22) affect GAPDH
expression in keratinocytes. Therefore while GAPDH
has been widely believed to be a constitutively ex-
pressed housekeeping gene, its variable expression in
keratinocytes makes it unsuitable for the purpose of
normalization.

RAGGGTA gene expression is not affected by modifi-
ers of differentiation in NHEK cells. We further ex-
plored the expression of the RABGGTA gene in cul-
tured NHEK treated with calcium and retinoic acid,
vitamin D3, or TPA. Fig. 4 shows that TGM1 expression
is upregulated by TPA at 1 day, downregulated by reti-
noic acid at all time points, and at 1 and 2 days by
vitamin D3, as reported previously (10,18,23,24). How-
ever, RABGGTA expression was unaffected by all
treatments.

CONCLUSIONS

We describe the complete genomic structure of the
human RABBGTA gene and show that it is only 2.3



Vol. 235, No. 1, 1997

Treatment H RA Dy TPA
Days 123 41234 12341234
RABGGTA

TGM1 —— ——
18s rANA - —————— — . ———

FIG. 4. The RABGGTA gene is constitutively expressed in kera-
tinocytes and is not affected by modifiers of differentiation. RT-PCR
amplification of RABGGTA and TGM1 mRNAs was normalized to
18S rRNA content. Total RNA was extracted from cultured NHEK
cells grown for the number of days as shown in serum-free medium
supplemented with 1.2 mM Ca?* (H) plus retinoic acid (RA) or vita-
min D3 (D3) or TPA. These data are representative of 3-5 separate
experiments.

kbp upstream from the TGM1 capsite. Our expression
data indicate that the RABGGTA gene is constitutively
expressed in NHEK cells and is unaffected by condi-
tions or reagents that affect differentiation in these
cells. Thus, while the RABGGTA and TGM1 genes are
closely linked, overlap and possibly share some com-
mon regulatory elements (9), they are not co-regulated
in the terminal differentiation program of cultured
NHEK cells.
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