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Structure and expression of Xenopus prohormone convertase PC2
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The multifunctional prohormone, proopiomelanacortin (POMC), is processed in the melanotrope cells of the pituitary pars intermedia at pairs
of basic amino acid residues to give a number of peplides, including a-melanophore-stimulating hormone (a-MSH). This hormone causes skin
darkening in amphibians during background adaptation, Here we report the complete structure of Xenopus laevis proherinone convertase PC2,
the enzyme thought to be responsible for processing of POMC to a-MSH. A comparative structural analysis revealed an overall amino acid sequence
identity of 85-87% between Xenopus PC2 and its mammalian counterparts, with the lowest degree of identity in the signal peptide sequence (28-36%)
and the region amino-terminal (o the catalytic demain (59-60%). The occurrence of a second, structurally different PC2 protein reflects the
expression of lwo Xenopus PC2 genes. The expression pattern of PC2 in the Xenopus pituitary gland of bluck- and white-adapted animals was found
1o be similar to that of POMC, namely high expression in active melanotrope cells of black animals, This observation is in line with a physiclogical
role for PC2 in processing POMC to a-MSH,

Prohormone convertase; Proopiomelanocortin; Background adapiation; cDNA sequence; Xenopus pituitary

1. INTRODUCTION

In the melanotrope cells of the pituitary pars interme-
dia of the amphibian Xenopus laevis the rate of produc-
tion of the prohormone, proopiomelanocortin
(POMCQ). is dependent on the color of the background
on which the animal is placed. On a black background
the melanotrope cells produce large amounts of POMC,
while on a white background POMC gene expression is
at a low level [1]. We use the Xenopus melanotrope celi
as a model systern to study regulatory mechanisms in-
volved in the biosynthesis and secretion of biologically
active peptides. In the melanotrope cells POMC is proc-
essed to a number of bioactive peptides, including a-
melanophore-stimulating hormone (x-MSH) [2]. After
secretion into the blood this hormone stimulates the
dispersion of pigment granules in the melanophores of
the skin, thus impairing a dark color to the animal.
Processing of POMC, and of most other prohormones,
occurs at pairs of basic amino acid residues which flank
the bioactive peptides on both sides [3]. Until recently,
the specific proteolytic enzymes responsible for such
prohormone processing have remained elusive. Based
on the homology with the endoprotease, KEX2, from
yeast, three puiative mammalian proprotein-cleaving
enzymes, namely furin, and the prohormone conver-
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tases, PC1 (also referred to as PC3) and PC2, have been
characterized by cloning and sequencing of their
cDNASs [4-9]. Recently, two additional members of this
family of subtilisin-related serine proteases have been
cloned, and they were designated PC4 and PACE4
(PACE for Paired basic Amino acid residue Cleaving
Enzyme) [10,11]. Furin appeared to be present in alil
mammalian cell types studied thus far, and it seems to
be responsible for the proteolytic cleavage of propro-
teins for constitutively secreted proteins. PC1 and PC2,
but not furin, are coordinately regulated with POMC,
show tissue-specific expression, and are believed to be
involved in the processing of prohormones at pairs of
basic amino acid residues in the regulated secretory
pathway of neurens and endocrine cells [12,13]. Recom-
binant vaccinia virus expression studies revealed that
PC1 and PC2 are both capable of cleaving POMC. The
specificity of the processing, however, appeared to be
different for the two enzymes [14,15]. PC1 showed a
preference for two of the five dibasic amino acid resi-
dues present within the structure of POMC, resulting in
the production of adrenocorticotropin {(ACTH) and §-
lipotropin (§-LPH). In contrast, PC2 was found to rec-
ognize all five pairs generating a-MSH by further cleav-
age of ACTH, and f-endorphin from S-LPH. In view
of the fact that x-MSH is of physiological importance
in Xenapus, since it mediates the process of background
adaptation, we were not only interested in the structure
of Xenopus PC2, but also in obtaining physiological
evidence for tissue-specific co-expression of PC2 with
POMC in the pituitary of Xenopus laevis.
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2. MATERIALS AND METHODS

Poly(A)* RNA was isolated with guanidineisothiocyanate and
oligo(dT) cellulose from pituitary pars intermedia of Xenopus laevis
adapted to a black background to increase the biosynthetic activity for
production of POMC in the melanotrope cells. Using about 0.5 ug
poly(A)” RNA as templaie a pars intermedia cDNA library was con-
structed in the vector AZAP-1I (Stratagene). About 4,000 clones of this
library were screened with a misture of insert DNAs of human PC2
¢DNA clone, pPPC2, and mouse PC3 clone, pPC3, (kindly provided by
Dr. D.F. Steiner, Chicago, 1L, USA), labelled with 2P by random
priming according to standard procedures [16]. Screening was per-
formed with replica nitrocellulose filters ul 37°C in 6 x 83C (1 x 88C
is 0.15 M NaCl, 0.015 M sedium citrate, pH 7.0), 3 x Denhardt’s
solution, 0.1% SDS, 0.1% sodium pyrophosphate, | mM EDTA, 100
N/ml salmon sperm DNA and 25% formamide. Hybridization-posi-
tive phage plaques were purified, and the recombinant pBlueseript
$K-phagemids were rescued from the bacteriophage (AZAP) clones by
in vivo excision, according to the instructions of the manufacturer.
Sequencing on both sirands and with pBluescript subclones or specific
primers was performed with single- and double-stranded DNA using
T7 DNA polymerase and the dideoxy chain termination method [17)].
For in situ hybridization, tissue was fixed en bloc in Bouin’s fixative
(70% picric acid, 25% formaldehyde, 5% acetic acid) for 16 h. Paraffin
seclions (5 m) were pretreated with 0.1% pepsin in 0.2 N HClat 37°C
for 15 min, rinsed, post-fixed in 2% formaldehyde in PES {or 4 mia,
treated with 1% hydroxylammonium chloride in PBS for 15 min,
rinsed with PBS and dehydrated. Hybridization (150 w1 standard hy-
bridization solution for each section) in the presence of 50% forma-
mide was performed at 50°C for 16 h in a moist chamber. RNA probes
were synthesized as run-off transcripts from linearized DNA of
pBluescript Xenopus PC2 cDNA clone, XY2.1, with 350 uM digoxi-
genin-11-UTPand T7 RNA polymerase. Alkaline phosphatuse-conju-
gated antidigoxigenin antiserum was used for visualization of the
hybridization signals. For PCR analysis, tolal RNA was extracted
with Nonidet P40-containing buffer, and single-stranded cDNA was
synthesized from total RNA using MLY reverse (ranscriptase (BRL).
The ¢DNA template was amplified using 50 pmol each of primer |
(5-GGAGCTATGGTTAAAATGGC-3") and primer 2 (5-
AGCTCTTCTTTCTTGGACAT-3) for 30 cycles (93°C, | min;
60°C, 1.5 min; 70°C, 1 min; Perkin Elmer-Cetus Thermal Cycler) with
Ampli-Taq DNA polymerase (Perkin Elmer-Celus). Primer 1 corre-
sponds to nucleotides 1,351-1,370, and primer 2 to nucleotides 1,340~
1.859 of Xenopus PC2 cDNA clone, XY2.1 (Fig. 1). PCR producls
were run on a 1.5% agarose gel, the gel was blotied, and the nitrocel-
lulose filter was hybridized under standard hybridization conditions
{16] with Xenopus pars intermedia PC2 cDNA clone, XY2.1, as a
probe. Quantification of the PCR producis was performed by scan-
ning of the autoradiograms with a laser densitometer (LKB-Pharma-
cia).

3. RESULTS

3.1. Isolation and characterization of pars intermedia
¢DNA encading Xenopus PC2

Low-stringency screening of 4,000 clones of the Xen-
opus pituitary pars intermedia cDNA library with a
mixture of human PC2 and mouse PC3 cDNA clones
as probes resulted in the isolation of seven hybridiza-
tion-positive clones. Fig. 1 shows the nucleotide se-
quence of the hybridization-positive cDNA clone with
the longest insert (clone XY2.1 with an insert size of 2.2
kb) coding for a 639 amino acid protein (with a calcu-
lated M, of 70,532 and isoelectric point of 5.8). From
the high degree of identity between the amino acid se-
quence of the XY2.1 protein, and human, rat and
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mouse PC2 structures (Fig. 2) we conclude that XY2.1
cDNA encodes a Xenopus PC2 protein. Further analy-
sis of the hybridization-positive cDNA clones revealed
four clones (XU2.2, XS2.1, XX2.1 and XU2.1) corre-
sponding to XY2.1, and two ¢cDNA clones (XT2.1 and
XT2.2) encoding a PC2 protein structurally different
from the XY2.1 protein (95% nucleotide sequence iden-
tity; 98% amino acid sequence identity). None of the
positive clones analysed was found to correspond to
PCI/PC3,

3.2, Comparison between Xenopus and mammalian PC2
structures

The overall degree of amino acid sequence identity
between the Xenopus, and human, rat and mouse PC2
structures is 87, 85 and 85%, respectively (Fig. 2), while
on the nucleotide sequence level in the protein-coding
regions in all three eases the identity is 75%. The amino
acid sequence identity between the signal peptide of the
Xenopus PC2 protein and the mammalian PC2 signal
peptides is 28-36%. The catalytic domains (residues
122-413) and the regions carboxy-terminal to the cata-
lytic domain (residues 414—639) show 95-97 and 88-
90% identity, respectively, between Xenopus and mam-
malian PC2. In contrast, the portions of the PC2 pro-
teins amino-terminal to the catalytic domain (residues
26-121) display only 59-60% sequence identity (Fig. 2).

3.3. Expression of Xenopus PC2 mRNA

To study the dynamics of PC2 expression in the Xen-
opus pituitary gland during background adaptation of
the animal, in situ hybridization and PCR analysis was
performed on pituitaries of black- and white-adapted
animals, Using antisense digoxigenin-labelled Xenopus
PC2 ¢cDNA clone, XY 2.1, as probe in the in situ hybrid-
ization experiments strong signals were found in the
melanotrope cells of the pituitary pars intermedia of
black-adapted Xenopus, while only weak signals could
be detected in these cells of white animals (Fig. 3). The
difference in size between the pars intermedia of black
and white animals reflects the difference in biosynthetic
and secretory activity of the melanotrope cells between
the two physiological conditions. In both white- and
black-adapted animals no hybricization-positive areas
could be detected in the brain or pituitary pars distalis.
PCR analysis revealed that the level of PC2 mRNA is
about 15-fold-higher in pars intermedia of black ani-
mals than in white animals, whereas for the two condi-
tions PC2 mRNA levels were approximately the same
in the pituitary pars distalis, with these levels compara-
ble to that in pars intermedia of white animals. Further-
more, Southern blot analysis of PCR products derived
from pars intermedia RNA of black-adapted animals,
and digested by restriction enzymes with specific ¢cleav-
age sites in the two structurally different PCR products,
showed similar amounts of products derived from the
two Xenopus PC2 gene transcripts (data not shown).



Volume 305, number FEBS LETTERS June 1992

5===~GAATTCCTGAAAAG

METArgGluGlyValvalThrvalTrpMetleuAlaAlaleuValLleuiisLeuAlaSerLeusServalSerAlaG lyArgProvalieu
ATGAGGGAAGCTGTTCTCACAGTGTGCATGCTCGCEGCTCTTGTTCTGCATCTTGCCACTCTITCCETCTCCCCTEGAAGACCTCTCOCTC

ThrAspHisPheLeuValAspLeuArgGluGlyGlvGluAlaGgliiAlaeGluGinleuAlaAlaGluTyrGlyPheSerc 1yThrArgLys
ACCGATCATTTTTTGGTTGACTTACGTGAAGGAGGAGAAGCCGAAGCCGAGCARCTT GCGECCGAATATGGCTTCACTSGGACAAGAMAG

LeuProPheserGlnSerLeuTyrHisPheTyrGlyAsnGlyI leThrThrserArgSerArgArgSerValAsnLysLysLysHisleu
CTACCTTTTTCCCAAAGTTTATACCATTTT TACGGAAATGGAATCACCACATCCCCAACTCCAC CACTCTCAATAAAAAGAAACATTTA

AlaMetAspProlysValAsnLysvValGluClnGlnGluGlyPheHisArgLysLysArgGlyTyrArgAspIleAsnAsplleGlulle
GCCATGGATCCCAAGGTAAATAAAGTCGAGCAACARGAAGGTTTCCACAGGAAAAAMCGAGGATACAGAGACATCAATGATATTGAAATT

AsnMetAsnAspProLeuPheThrLysGlnTrpTyrLeulleAsnThrGlyGlnAlaAspGly ThrProGlyLeuAspleuAsnvalala
AACATGAACGATCCATTATTTACAAAACAGTGCTACTTGATCAATACAGGCCAACCTGATGCCACACCTCCACTTGATCTTAATGTOGCG

>
GlualaTrpGluLeuGlyTyrThrGlyArgGlyValThrIleAlalleMetAspAspGlyIleAspTyrLeuiisProAspleuAlaser
GAAGCATGGGAACTTGGATACACAGGAAGAGGGGTTACCATAGCAATTATGGATGATGGAATTGATTATCTGCACCCAGATCTTIGCCTCC

L4
AsnTyrAsnAlaGluAlaserTyrAspPheSerSerAsnAspProTyrProlyrProArgTyrThrAspAsplrpPheAsnSerHiscly
AATTACAACGCAGAGGCAAGCTATGACTTCAGCAGCAATGATCCCTACCCGTATCCTCCATATACAGACGACTGGTTCAACAGCCATGGG

ThrArgCysAlaGlyGluValSerAlaSerAlaAsnAsnisnIleCysGlyValGlyvalAlaTyrAsnSerLysvalAlaGlyIleArg
ACCCGATGTGCAGGAGAAGTATCAGCATCTGCCAACAATAATATATGTGEGAGTTGGAGTGGCTTATAATTCCAAAGTGGCAGGCATTCGA

MetLeuAspGlnProPheMetThrAspilelleGluAlaSerSerIleSerHisMetProGlnvalIleaspIleTyrSerAlaSerTrp
ATGCTGGACCAGCCCTTCATGACTGATATAATAGAAGCTTCATCCATCAGTCACATGCCCCAGCTTATTGACATATACAGTGCAAGCTGG

GlyProThrAspAspGlyLysThrvalAspGlyProArgGluLeuThrLeuGlnAlaMetAlaAspGlyValAsnLysGlyArgGlyGly
CGTCCTACTGATGATGGCAAGACGCTTGATGGACCAAGAGAACTAACTTTACAGGCAATGGCAGACGCTGTCAATAAGGGTCCTGGTGGT

w
LysGlySerIleTyrValTrpAlaSerGlyAspGlyGlySerTYrAspASpCYsSAsnCysASpGlyTyrAlaserSerMetTrpThrile
AAGGGAAGCATCTATGTCTGGCGCATCTGCAGATGGAGGAAGCTTATGATGACTGCAACTGTGACGGCTATGCATCAAGCATGTGGACTATT

SerlleAsnSerAlaIleAsnAspGlyArgThrAlaLeuTyraspGluSerCysSerSerThrLeuAlaSerThrPheSerasnGlyArg
TCCATAAACTCTGCTATTAATGATGGACGCACTGCCCTGTATGATGACAGITGCTCCTCAACTCTGGCCTCCACTTTTAGCAATGGTAGA

NJ
LysArgAsnProGluAlaGlyvValAlaThrThrAspLeuTyrG lyhgnc_vs'l‘hrl.euhrgﬂisSerGlyThrSerAlaAlaAlaProGlu
AAAAGAAATCCAGAGGCTGGCCTGGCTACAACAGACTTGTATGGAAACTGCACTTTGCGTCATTCAGGAACATCTGCAGCCGCACCAGAA

AlaAlaCGlyValPhealaLeuAlaLeuGluAlaAsnProGlyLeuThrTrpArgAspLeuclniisLeuServValleuThr SerLysArg
GCAGCTGGAGTATTYGCATTGGCCCTGGAGCCTAACCCAGGTCTGACATCGACGGACTTGCAGCATCTCTCAGTGCTAACATCGAAAAGG

AsnGlnLeuHisAspGluValHisLysTrpArgArgAsnGlyvalGlyLeuGlubheAsnHisLeuPheGlyTyrGlyvValLeuAs»hla
AATCAGCTTCACGATGAAGTGCACAAATGCCCTAGAAACCGRAGTCCCTTTGGAGTTCAATCATTTGTTCGGCTATGGCGTACTIGATGCT

GlyAlaMetVallysMetAlaAsnGluTrpLysThrValProGluArgPheHisCysIleGlyGlyAlaIleGlnGluFroarglyslle
GGAGCTATGGTTARAATGGCCAACGAGTGCGAAAACTGTTCCGCGAAAGGTTITCATTGCATTGGAGCAGCCATACAAGAGCCAAGGARAATA

ProSerAspGlyLysLeulleLeuThrLeuserThrAspAlacysGluGlylysGluAsnPheValArgTyrLeuGluHisvValGlnAla
CCTTCTGATGGGAAGCTGATCCTTACTCTTTCAACTGATGCCTGTGAAGGAAAAGAAAACTTTGTTCGCTACCTGGAGCACGTTCAASCA

vallleThrValASnSerThrArgArgGlyAspLeuAsnIlerSniciThrSerProMetClyThrlysSerlleLeuleuserArgArg
GTTATAACCGTCAATTCCACTCGGCCAGEGCACTTCAACATCAACATGACATCACCAATGGGAACTAAGTCCATTI-TATTAAGTCGTCGT

ProArgAspAspAspSerlysvValGlyPheAspLysTrpProPheMetThr ThrHisThrTrpGlyGluAspProArgGlyThrTrpval
CCTAGGGATGACCGACTCAMAACTTGGTTTTGATAAATGGCCATTTATGACAACACACACATGGGGGGAAGATCCAAGAGGCACTTGGGTT

LeuGluValClyFhevalGlySerIleProGlulysGlyvValleuLysGluTrpThrLeuMetLeullisGlyThrGlnSerAlaProTyx
CTAGAAGTTGGGTTTCTTGGCGAGCATACCAGAGAAAGGTCTTTTAAAAGAATGGACACTGATGTTACACGGCACTCAAAGTGCCCCCTAT

IleAspGlnlleValAraaspTyrGlnserlysLeuAlaMetSerLysLysGluGluLeuGluGluGluLeuAspGluAlavalGluArg
ATAGACCAAATAGTTAGAGATTATCAGTCTAAGTTAGCAATGTCCAACARRGAAGAGCTGGAGGACGAACTAGATGAAGCAGTAGAGAGA

SerLeulysSerLeuleuSerLysAsn#*#
AGTCTCAAGAGCCTTTTGAGCAAGAACTACCACTATTCTCCATCTCTCTATTATGTTTATATTCTCCATTATTTTCTGTTAATCTTITCA

ACACCTTTACCAAGTATAATTTCCTCCCTGTCTTACACGTAATGCAATCTTTCTAGATATTTTCTTTIGTGTAGAAAAAAATAAATATATA
AATATAAAAAAARAAAARAAAAA---3’
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Fi_g.. 1. Nucleotide sequence and deduced amino acid sequence of pituitary pars intermedia cDNA clone, XY2.1, encoding Xenopus PC2. Amino
aclc.l sequence numbering starts with the presuinptive 25-amino acid signal peptide sequence. The subtilisin-reiated eatalytic domain consists of
amino acid residues 122-413, The arrow indicates the presumptive signal peptide cleavage site, arrow heads indicate the active sites, and dots indicate

potential N-linked glycosylation sites.
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(1)

(2)

(3)
4

20 L 4 40 60
XENOPUS PC2 : HREGW'I‘VHMLMLVLHLASLSVSAGRPVLTDH FLVDLREGGEAEAEQLAAEYGFSGTRKLPFSQSLYHF
HUMAN PC2 ¢ MKGGCVSQWKAAAGFLFCVMVFASAERPVFTNHFLVELHKGGEDKARQVAAEHGF~GVRKLPFAECLYHF
RAT PC2 tMEGGCG SQWKAA-GLLFCVMVFASAERPVFINHFLVELHKDGEEEARQVAAEHGF~GVRKLPFAEGLYHF

MOUSE PC2 tMEGGCGSQWKAA=-GFLFCVMVFASAERPVFTNHFLVELHKDGEEEARQVAREHGF ~GVRKLPFAEGLYHF
* * *x & * A hkk A KKAR KX AR K R KRR AR Kk RARAN hARR

100 iz0 140
: YGNG I'I“PSRSRRSVNKKKHLMIDPKVNKVEQQEGFHRKKRGYRDI NDIEINMNDPLFTKQWYLINTGQADGTPGLDLNVAEA
$ YHNGLAKAKRRRSLHHKQQLERDPRVKMALQQEGFDRKKRGYRDINEIDINMNDPLFTRKQWYLINTGQADGTPGLDLNVAEA
: YHNGLAKAKRRRSLHHKRQLERDPRIKMALQQEGFDRKKRGYRDINEIDINMNDRLFTRQWY LFNTGQADGTPGLDLNVAEA

t YHNGLAKAKRRRSLHHKRQLERDPRIKMALQQEGFORKKRGYRDINEIDINMNDPLFTKQWYLFNTGQADGTPGLOLNVAEA
R AR ARk A K AR RRARRR RRRARKRRAA & KRARARARKAAANR ARARARRARNRAKAARKR

160 - 180 200 - 220
: WELGYTGRGVTZAIMDDGIDYLHPDLASNYNAEASYDF SSNDPYPY PRYTDDWFNSHGTRCAGEVSASANNNICGVGVAYNS
: WELGYTGKGVTIGIMDDGIDYLHPDLASNYNAEASY DFSSNDPYPYPRYTDDWFNSHGTRCAGEVSAAANNNICGVGVAYNS
: WELGYTCKGVTIGIMDDGIDYLHPDLAYNYNSDASYDFSSNDPYPYPRYTDDWFNSHGTRCAGEVSAAASNNICGVGVAYNS

tHELGYTGRGVTIGIMDDGIDYLHPDLAYNYNADASYDFSSNDPYPYPRYTDDWFNSHGTRCAGEVESAAASNNICCVGVAYNS
ARRARRE RARR ARARAANARKARAR KRAX  RARARKRAARAARRRKALAARAKRRRRARARNRARL A AAARAANARARR

240 260 280 300 -
: KVAGIRMLDQPFMTDIIEASSISHMPQVIDI YSASHGPTDDGKTVDGPRELTLQAMADGVNKGRGGKGSI Y VHASGDGCSYD
: KVAGIRMLDQPFMTDIIEASSI SHMPQLIDT Y SASWGPTDNGKTVDGPROVTILQAMADGVNKGRGGKGST ¥ VWASGDGGSYD
: KVAGIRMLDQPFMTDIIEASSISHMPQLIDI Y SASHGPTDNGKTVDGPRELTLQAMADGVNKGRGGKGSI Y VWASGDGGSYD

: KVAGIRMLDQPFMIDIIEASSISHMPQLIDIYSASHGPTDNGKTVDGPRELTLQAMADGVNKGRGGKGSIYVWASCGDGGSYD
ARRARRARKRARRARRRAARKRRARARR RARARKRARKAS RARARAAR  ARKARARAARAVDARAARRRARARARRRAGARK

320 340 360 e 380 -
: DCNCDGYASSMWTISINSATNDGRTALY DESCSSTLASTFSNGRKRNPEAGVATTDLYGNCTLRESCTSAAAPEAAGVFALA
¢t DCNCDGYASSMWIISINSAINDGRTALYDESCSSTLASTFSNGRKRNPEAGVATTDLYCNCTLRHSGTSAAAPEAAGVFALA
tDCNCDGYASSMWTISINSAINDGRTALHDESCSSTLASTFSNGRKRNPEAGVATTDLYGNCTLRUSGTSAMAPEAAGVFALA

: DCNCDGYASSMWTISINSAINDGRTALYDESCSSTLASTFSNGRKRNPEAGVATTDLYGNCTLRHSCTSARAPERAAGVFALA
RRARRKRARAKARARARRARRARARRAR AARRARKRARARRRRRARARRKARARARRAARKAARAARRRARARRAARAAARK

400 420 440 460 480
: LEANPGLTWRDLQHLSVLTSKRNQLHDEVHKWRRNGVGLEFN HLFGYGVLDAGAMVKMANEWKTVPERFHCIGGAIQEPRKI
: LEANLGLTWRDMQHLTVLT SKRNQLHDEVHQWRRNGVGLEFNHLFGYGVLDAGAMVKMARDWKTVPERFHCVGGSYQDPEKT
* LEANVDLTWRDMQHLTVLTSKRNQLHDEVHQWRRNGVGLEFNHLFGYGVLDAGAMVEMAKDWKTVPERFHCVGGSVQNPEKI

: LEANLDLTWRDMQHLTVLTSKRNQLHDEVHQWRRNGVGLEFNHLFGYGVLDAGAMVKMAKDWKTVPERFHCVGGSVQNPERT
RARR RRRAR AKR ARRRRRRRARANNE AARKRARARRRAARARTARARRARARAR  RARARKAAKAE A% % R AR

500 ® 520 ° 540 560
: PSDGKLILTLSTDACEGKEN FVRYLEHVQAVITVNSTRRGDLNINMTSPMGTKS ILLSRRPRDDDSKVGFDKWPFMITHIWG
¢ PSTGKLVLTLTTDACEGKENFVRYLEHVQAVITVNATRRGDLNINMTSPMGTKSILLSRRPRDDDSKVGFNKWPFMTTHTWG
¢ PPPGKLVLTLQTNACEGKENFVRYLEHVQAVITVNATRRGDLNINMTSPMGTKSILLSRRPRDDDSKYGFDKWPFMTTHTHG

t PPTGKLVLTLKTNACEGKENFVRYLEHVQAVITVYNATRRGDLNINMTSPMCTKSILLSRRPRDDDSKVGFDKWPFMTTHTHWG
K OARE KRR K ARRRRARRRARRRARRRRRAAR ARARNRARARRARARRRRSAARARKRRAAARARAARARARRANARR

580 600 620 639
: EDPRGIWVLEVGFVGSIPEKGVLKEWTLMLHGTQSAPY IDQIVRDYQSKLAMSKKEELEEELDEAVERSLKSLLSKN
: EDARGTWILELGFVGSAPQKGVLKEWTLMLHGTQSAPY IDQVVRDYQSKLAMSKKEELEEELDEAVERSLKSTLNKN
: EDARGTWILELGFVGSAPQKGLLKEWT LMLHGTQSAPY IDQVVRDYQSKLAMSKKQELEEELDEAVERSLQSILRKN

: EDARGTWTLELGFVGSAPQKGLLKEWTLMLHGTQSAPY IDQVVRDYQSKLAMSKKQELEEELDEAVERSLQSILRKN
AR RAKE KR RAKRR & A% KARRRKRRARARARRAAARR KRARNARRAAARAR ERARAKRKKAARARR A & #&

an . Alignment of the amino acid sequences of Xenopus, human, rat and mouse PC2, The one-letier amino acid notation is used. Gaps introduced

in the mammalian sequences 10 oplimize the alignment are represented by dashes. Residues identical among the PC2 structures of the four species

are indicated by asterisks. The subtilisin-related calalylic domain consists o' amino ucid residues 122-413. The arrow indicates the presumptive

signal peptide cleavage site, arrow heads indicate the active sites, and dots indicate potential N-linked glycosylation sites. The human, rat and mouse
PC2 sequences have been taken from [6], [25] and [7), respectively,

4. DISCUSSION

The occurrence of two gene transcripts coding for
structurally different PC2 proteins reflects the expres-
sion of two PC2 genes in Xenopus laevis. The nucleotide
sequence divergence between the two PC2 transcripts
(5%) is similar to that reported for the protein-coding
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regions of Xenopus laevis gene pairs encoding globins
(18], albumins [19], vitellogenins [20], proenkephalins
(21] and POMCs [22] (4-8%). These gene pairs are be-
lieved to represent duplicated genes resulting from a
duplication of the entire genome in the genus Xenopus
[23]. The two PC2 genes were found to be expressed to
approximately the same level in the pituitary pars inter-
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Fig. 3. Non-radioactive in situ hybridization showing the paitern of

PC2 expression in the pituitary gland of Xenopus laevis adapted 10 a

black background (A) or a white background (B). pn, pars nervosa;

pi, pars intermedia; pd, pars distalis; e, median eminence; magnifi-
cation x 120.

media, similar to the expression of the two Xenopus
POMC genes [22).

Elucidation of the structure of PC2 in an amphibian
species, and comparative analysis of the Xenopus and
mammalian PC2 structures, revealed that this pro-
hormone-converting enzyme has been highly conserved
over 350 million years of vertebrate evolution. As ex-
pected, the regions around the active sites (Asp-168,
His-209, Asp-311 and Ser-385; Fig. 2) are especially well
conserved. It is noteworthy that the carboxy-terminal
region of PC2 is remarkably well conserved, indicating
that this region is functionally important. As is the case
with other secretory proteins, the amino-terminal hy-
drophobic stretch of amino acid residues, comprising
the putative signal peptide sequence of PC2, is the least-
conserved region of the protein.

In corticotropes of the pituitacy pars distalis POMC
is processed to ACTH, and in the melanotrope cells to
«-MSH [2]. The enzymes responsible for this tissue-
specific processing of POMC have recently been sug-
gested to be PC1 and PC2 [13-15], Our screening of the
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pituitary pars intermedia cDNA library with PC1/PC3
and PC2 cDNA probes resulted in the isolation of only
PC2 cDNA clones. Moreover, we recently applied a
differential screening approach to identify genes co-ex-
pressed with POMC, and whose products may be in-
volved in POMC biosynthesis and release of POMC-
derived peptides. This approach involved screening of
the pars intermedia cDNA library with single-stranded
¢DNA probes derived from pars intermedia RNA of
either white or black animals, and it led to the identifi-
cation of only PC2 clones (our unpublished results).
These findings indicate that PC2, and not PCl, is the
specific protease responsible for in vivo POMC process-
ing to @-MSH in the melanotrope cells. In line with
these results are two recent observations concerning
PC1 and PC2 expression in mammalian cells. First, PC2
is much more abundant in rat pars intermedia cells than
in the ACTH-producing corticotropes of the anterior
lobe, while PC1 displayed the reverse expression pattern
[8,12,24]. Second, with gene transfer experiments it has
been shown that PCl cleaves POMC to ACTH while
PC2 processes POMC to yield a-MSH [14,15).

The results of the in situ hybridization experiments
and PCR analysis provide evidence for tissue-specific
regulation of the Xenopus PC2 gene. We detected high
levels of PC2 mRNA in melanotrope cells of black-
adapted animals, low levels in cells of white animals and
low levels in the pars distalis of either white or black
animals. The observed dynamics of PC2 gene expres-
sion during background adaptation of Xenopus is simi-
lar to that previously reperted for the POMC gene [1).
We conclude that the POMC and PC2 genes are co-
expressed, and that the PC2 protein is a crucial compo-
nent of the biosynthetic machinery which ultimately
leads to the production of a-MSH in Xenopus pituitary
melanotropes. The expression pattern of the Xenopus
PC2 gene during the physiological process of back-
ground adapiation of the animal is in line with the
notion that genes encading prohormone convertases are
active in cells where specific cleavages of prohormones
at pairs of basic amino acid residues are known to
accur,
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