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Amino acid sequence microheterogeneities of a type I cytokeratin
of M; 51000 from Xenopus laevis epidermis
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The complete cDNA-derived sequence of a type I cytokeratin (designated no. 3) from Xenopus laevis skin is described.

The deduced protein has an M; of 51888 and consists of a glycine-rich head domain, a well-conserved a-helical region

and a tail rich in hydroxyamino acid residues. Various cDNA clones encoding two different mRNAs were isolated that

differed by short deletions/insertions and point mutations. These microheterogeneities are mainly located in a ‘hypervari-
able region’ at the C-terminal non-a-helical region.

Cytokeratin; Intermediate filament; cDNA cloning; (Xenopus, Frog skin)

1. INTRODUCTION

Like desmin, vimentin, glial filament proteins
and neurofilaments, the cytokeratins form one of
the five major types of intermediate filaments (IF)
with a diameter of 7-11 nm [1]. This very complex
family of keratin-type proteins is characteristic for
epithelial cells and in human tissues 19 different
polypeptides have been identified [2].

In Xenopus laevis the keratin pattern reveals
drastic developmental changes during epidermal
maturation [3]. However, in adult X. /aevis epider-
mis, a unique set of cytokeratins is synthesized
ranging from M; 49 000 to 64 000 [4,5]. These poly-
peptides can be divided into two different classes:
type II molecules are basic with M; 64 000 and are
closely related to each other (designated nos la-c).
On the other hand, acidic type I molecules are more
diverse, and this class consists of at least three dif-
ferent polypeptides with M; of 53000 (no. 2),
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The nucleotide sequence presented here has been submitted to
the EMBL/GenBank database under the accession no. Y00968

51000 (no. 3) and 49000 (no. 4). Using in vitro
translation of hybrid-selected mRNAs, partial
¢DNA clones encoding cytokeratin nos la-c and
cytokeratin no. 3 could be identified [6,7]. These
cytokeratins (M; 64000 and 51000) are not ex-
pressed in oocytes, unfertilized eggs, liver or
skeletal muscles of adult frogs [8). During develop-
ment, the mRNAs for the 64 kDa polypeptides
first appear at stages 48-52, and that for the
51 kDa protein before stage 46 [9). Here we present
the full-length sequence of the type I cytokeratin,
with M, 51000 as deduced from ¢cDNA cloning.

2. MATERIALS AND METHODS

All manipulations with DNA including ¢cDNA cloning
(PUF < 1000 clones) were performed as described [10]. Addi-
tionally, for the production of full-length clones, new improved
cDNA libraries have been constructed (pUF > 1000 clones) as
reported in [11]. Screening of cDNA libraries with synthetic
oligodeoxynucleotides has been described elsewhere [12] with
the exception that Hybond-N membranes (Amersham) were
used. DNA sequences were determined by a combination of
both the Maxam-Gilbert protocol [13] using a modified G+ A
reaction [14] and the dideoxy method [15] after subcloning into
different M13 vectors [16]. DNA sequencing data were com-
puterized using programs purchased from Teufl-Software
(Salzburg). A commercial program from the University of
Wisconsin Genetics Computer Group (UWGCG, version 5.1)
was used for the prediction of protein secondary structures.
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pUF1001
—
CTCACCACAGCAGCTTTTCTCTTATACTGGAAGGGTGTCTCTTGCTACAATET! CAAACTATTCTATAAAACAGTCAGC TAAGAATAACTATTCCAGC TCAAGTTCTGGAGGATTTAGGGGTGGTCATGE
M SNYSIKQSAKNNYSSSSSGE6FRGGHSGEG
KER1 KERZ pUF1371

TEGAMTGAATATTTTTGCGGETGTAGRAGGCGAGGSTGACTTTGGTGGTATGEGT6GCT TTGGAGCTTGTEGTGCAGGC TATGG TEGTEGTECAGEC TATEGTGGTEETRC TG TEGTGCAGGCTATGE

6 NEYFCGYGGEEGDTFGGMGEEFGB6ACGAGYGEGEEAGYGGEEAGGAGYGSE

T6GTGGTECTRSTGCTAGTEETECAGBLTATGGCEGTEGTTTTGRTGRTERTTCTEGTGCAGRCTATERTERTRETTTTGRAGG TS TGCAGGTGGAGGC TATGG TGE TG TTTTGETGGTGECTTCGG
6 G AGGGGAGYGGGEFGGGSEGAGYGEGFGGG6EAGGGYGGEGEFEGGEGFG
pUF4S1 '
TEGTEGTGCAGGTGGAATGGACATC TTCTCTACCAATGAAAAGCAAACCATGCAGAATC TCARTRACCRCTTGACTTCCTACC TERACAAAGTCCATGCAC TEGAGACAGCAAATACTEAACTTGAACG
GGAGGMDIFSTNEKQTMNOQNLNDRLASYLODKVYHALETANTELER
pUF454
CAGATTARGGAGTOGTATGARMAAGCAACGGCCAGSGAGCTCAAR TEGAGATEGEGCAAASBA TACTCCAMTATTATACTATGATTAATGACCTAMAAATCAGATCATTGCAGCATCCATAGAAMA
KIKEWYEKQRPGSSSGEDGAKDYSKYYTHINDLEKNOQITIAASTIEN
Tas1 Pstl Ms1
TECAMATTTCTTCTECAGAATGACAATECCAGGCTERCCC TRATEAC TTTAAMATGAAATTTGAMATGAACAGTACATGCGRCAGACAGTGGAGEC TRATATCAATGGTC TECGTAGAGTCATERA
AKFLLOQNDKARLAADDFKHKFENEQYMRQTVEADINGLRRY KD
SphI Ay
TOATCTTACCC TG TCCAAGTC TGACTTBRAATCTCAGC T TGAGAGTC TCACGAGGAACTGGCCTATC TTAMGAAGAATCATGAAGACGAACTTAAGGCATECANGTGACCCAGGTTGGTCAAS TTAA
DLTLSKSOLESQLESESEELAYLKKRKBHEDELKGMQVYTQVEGQUVN
Bgl11
TETAGAAATGAATGCTGCACCAAGTTC TGACTTGACCAAAATACTCAATGATATGAGEAGTCAGTATGAAGATC TAGCCAAGAGGAACCG TGCAGCAGCAGAGGAACAATTCAACASAATGAGTACTEA
VEMNNAAPSSODLTKILKDMRSQYEDLAKRNRAAAEEQFHNKRMNSTD

CCTEAMMAATACACTTTCCCAAGGGATTGAACAACAGAAGEAGAG TAGTCBBAATTGACAGAACTCAAMAGAACACTCCAATC TCTEGAAATTRAAC TTCAGTCACAGC TTGCCATGAAAAAATCTCT
LKNTLSQG6IEQQKESKSELTELKRTLQSLETELG QSO QLAMNEKEKS S.L
Pstl
GGAGATRACAC TBGCTBANGTGEAGGECTC TTTC TG TATGAAGC TG TCCCE TTTACAGGAGATEATTG TCAACG TAGAGGAGCAGATAGCACGAC TCAAAGGAGAGTCAGAG TCCAGACTGCAGAGTA
EMTLAEVEGSFCHKLSRLOQEMIVHKNVEEQIARLKGESECROQTAESY
BQUI(A T T CTGGCCCACCCAAGE A
CCAACAGCTCTTBRACATCAAGACAAGGCTGRAGAATGAAATTGAGACATATCECAGGC TCC TGGATBBAGATCTBABCAAACCCA s s AAG TGGTGGAGGCACTTCTACTARTAC
QQLLODIKTRLUENETIETYRRLLDGD LS KP L opp KSEEGETSTNT
pUF1001
AGGTTCTACATCCAGCAAGEGTCAACGAGAAC TG TAMAAGGAGGGAATTATTGAAGAGG TCG TGRATGRAMMEGTTG TG TCAACCAAGG TCGTAGATATGTAMGAGAAGGTGCAGAACAAGTECA
6 STSSKGSTRTVKRREIIEEVVYDGKYVYSTKVVDH
Tas1 Cas1
CGCTTETTACTACTATAAATGCTTATTAATTCTCCAGRGAAGGAATGTCAMMACC TTAATCTGCTTGTAGCCATACTTATATTCTTAGTTGCATAGTTATTTTGCATTCTTCTTGTTGTATCATCCA
Resy
CACAATAAACATTTTTCTGATGCAAGCTATpo 1y(A)

Fig.1. Nucleotide sequence and deduced amino acid sequence of XL51. The full-length sequence was obtained from cDNA clones
pUF1371, pUF1001 and pUF454. In the line above, the differences observed in cDNA clone pUF451 are displayed, when compared with
the combined full-length sequence. Asterisks were introduced to maximize homology (introducing gaps into the sequences). Restriction
sites, the polyadenylation signal AATAAA, and the positions of the synthetic oligonucleotides KER1 and KER?2 are underlined. The
lower line of the amino acid sequence represents the differences observed in pUF451 when compared with the full-length sequence

deduced from pUF1371, pUF1001 and pUF454,
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3. RESULTS

Starting with the Bg/II-EcoRI fragment of
¢DNA clone pUF29 [7], which encodes only a C-
terminal portion of the type I cytokeratin with M,
51000 (designated no. 3), we screened the original
library of X. laevis skin [10] for longer clones and
obtained pUF451 and pUF454 (fig.1). Subsequent-
ly, the smallest PsfI fragment of pUF451 (cor-
responding to the most 5'-sequences obtained so
far) was used as the next hybridization probe for an
improved library resulting in the isolation of clone
pUF1001. In order to obtain the 5'-end of the
mRNA cloned, a different approach was applied:
based on the 5’-sequence of clone pUF1001 the
oligonucleotides KER1 d(AATATTCATTTCCA-
CC) and KER2 d(GCCTCCTACACCGCAAAA)
were constructed. KER2 was used as a primer to
produce a partially enriched cDNA library of X.
laevis skin, which was screened with KER1. Of
about 500 clones, a single positive designated
pUF1371 could be picked.

4. DISCUSSION

4.1. Nucleic acid sequence
Fig.1 represents the combined full length se-
quence of a type I cytokeratin (XL51) as deduced
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from c¢DNA-clones pUF1371, pUF1001 and
pUF454. The overlapping sequences of all three
clones are identical (40 and 787 nucleotides, respec-
tively). This combined sequence differs in a few
point mutations and deletions/insertions from the
sequence derived from the insert of pUF451. Both
new sequences presented here also differ from the
previously published sequence of pUF29 [7]. These
differences are exclusively located at the extreme
3’-non-coding-region. Due to processing errors,
the sequence of pUF29 [7] had to be corrected at
four different positions (position 42, C to G; 292,
AtoG; 507, Tto C, and insertion of T after 596 ac-
cording to the numbering in [7].

The microheterogeneities observed probably
arise from the quasi-tetrapolid genome of X. laevis
[17] resulting from a duplication of the genome
about 30 million years ago [18). This long time
period could easily account for the evolutionary
drift of these two sets of genes. Similar
microheterogeneities have previously been reported
repeatedly, e.g. for vitellogenin [19].

The léngth of the full sequence presented here
(1692 nucleotides without the poly(A) tail) fits very
well with the result from the Northern analysis
showing a band of about 1.8 kilobases [7]. The
deduced full-length amino acid sequence (derived
from pUF1371, pUF1001 and pUF454) results in

XL51  MSNYSIKQSAKNNYSSSSSGGFRGGHGGNEYFCGVGGEGDFGEMGGFEACRAGYGGGAGYGAEAGRAGYGGGAGGERAGYEGGF GGESRAGYGEEFEGEAGGEYGGEF GRGFGEE*AGGMDIF STNEK

XKB]  MYS-**RS-SASY--G---K e

HS0K  MTTC.******RQFT---~MKGSC-1 —wwren_ [ AGSSRISSVLA-GSCRAPNTYG-GLSYSSSRF SS-oY-L-G-n=-*55-$SSF-S

** o F - SRSLA-SNSYG-SSF -A==S5-V-S-FSSS*--N-AMA*EAASSS-GG-~-
YemoloA-L F---DGLLVGS--

1A 182 1B2
QTMONLNDRLASYLDKVHALE TANTELERKTKEWYEKORPGSS SGDGAKDYSKYY THINDLKNQT IAASTENAKF LLONDNAR ENEQYMRQTVEADINGLRRVMDDL TLSKSOLESQLESLSEELA

HA=-==-e=nnmmeEacReeeAT-5D-G-RN--D--SDAGI*-A-S----~-FE1-AE-R-K-Re-T-D-rTVT--I-mcmraeeus| RL==-erLAL-=§==Gn§emmmmnl-E-T-ARG-F-L-I---T--oc
Veermocmomceaand| Rem-ErnAD--V=-RD=-QR-~-AET##*¥c o PoKT-Eo-RoKoLT-TVD= WY o LommmenmeRTLYT- LML S oo oemoee L~E-=-ARA-=<MeTocK----
2A 1 2 28
YKKNHEDELKGMOV TQVGQVNVEMNAAPS SDLTK ILNDMRSQVEDLAKRNRAAAEEQF NRMS TOLKNTL SQG 1 EQKESKSELTELKR T LQSLETEL QSQLAMRKSLEMTLAEVEGSF CMKLSRLGEMIVNVEEQ
------- E-MSHAKSQSA-K-S==-D--LBV--=-5-==No~AD--1--EK--RD--LW--QK-GE~-KEI-V-Y=-VQA- oo [ccmmnSonnmonomenncncaQ-V-GN-N-LQ-FYSSQ-QQI-NT-GSL--~
cmeaene ECMUALRGQVG-D---=-0-=~GV==SR=~E=-D-~~KH-EK-~KD-~-H-F TKTEE-MREVATNS -LVQSG~~[S--ReH-N--eomneS he=-HS-E-T-RY--Q-AQ] - -65---
3 4 3 5
TARLKGESECQTAE YQQLLOIKTRLENE 1€ TYRRLLDGDL SKPKSGGGTSTNTESTSSKGSTRTVKR**RET TEEVVDGKVVS TKVVDM
LLQIRSOM=H-NT=-KL+ === =n==cMe=Qoese=E-E-GQVTTVAN-- SVESK-E-SSTST-RT-MVKT-V-eemeumumx SR-E
L=G-RC-H-Q-NQ--KI-=-V-===~Q--A=-==~-E-EDAHLS-SQF§***5--Q--ROY-SSSRQIRTK *YMD- K- -- - HEQVLRTKN
6 7

Fig.2. Comparison of XL51 (see fig.1) with cytokeratin XK81 present in gastrulae of X. /aevis [26] and human type I cytokeratin H50K

[21,25]. Asterisks were introduced to maximize homology (introducing gaps into the sequences) and bars in XK81 and H50K represent

identical amino acid residues when compared with XL51. Also shown are the predicted a-helical regions (1A, 1B1, 1B2, 2A, 2B, 3) ac-
cording to Garnier et al. [24]. Black triangles identify positions of the seven introns as determined for H50K [25].
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an M, of 51 888 including the initiating methionine,
which is most likely lost in the mature protein. This
is in very good agreement with the M, determined
by gel electrophoresis, which is 51000 [7]. The
3’-non-coding-region of the mRNA presented in
fig.1 comprises 185 nucleotides not including the
poly(A) tail. This is considerably shorter than that
of an mRNA encoding a type Il cytokeratin of X.
laevis epidermis (M; 64 000), which consists of an
3’-untranslated region of 476 nucleotides [20]. A
similar result has been reported for human
cytokeratins [21,22].

Remarkable is the high similarity of about 28
bases at the extreme 3'-ends of the mRNA en-
coding a type I cytokeratin (M; 59 000) of mouse
[23] and of the sequence presented in fig.1.

4.2. Secondary structure

A secondary structure prediction according to
Garnier et al. [24] revealed three major domains
(see fig.2). The glycine-rich head domain at the N-
terminal has mainly G-turn structure and in the
middle of the molecule a cluster of helical regions
can be distinguished (coils 1A, 1B1, 1B2, 2A, 2B).
The tail is rich in hydroxyamino acid residues also
indicating A-turns, and a short a-helical region
(coil 3) can be predicted only at the extreme C-
terminal.

Nearly all microheterogeneities occur within the
C-terminal tail region. The large insertion of 15
nucleotides in pUF451 mainly affects the position
of proline residues, marking the end of coil 2B.
This hypervariable region is located just at the end
of the coiled-coil structure, similarly to that
previously described for various basic cytokeratins
of X. laevis [6]. Based on the homology with
human 50 kDa cytokeratin [21,25] (see fig.2), this
hypervariable region would be entirely located
within exon 7.

4.3. Homologies

As illustrated in fig.2, the sequence presented
here (XL51) shows strong homology with other
type I cytokeratins from frog (XK81) and man
(H50K), which is no. 14 according to the catalog of
human cytokeratins [2]. Clearly, the highest degree
of homology is concentrated within the a-helical
rod domain in the middle. The non-a-helical head
and tail regions of the molecules show only the
well-conserved potential to form S-turns. At the
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extreme C-terminal end there is again a short but
highly conserved stretch of about 11 amino acid
residues, which can form an a-helical structure
(coil 3).

The sequence comparison in fig.2 also displays
clearly that XK81, present mainly during gastrula-
tion but also present in a few organs of adult X.
laevis (Franke, W.W., personal communication),
shares more similarity with human cytokeratin no.
14 in the a-helical domain than does XL51. Con-
versely, the human sequence is closer to XL51 than
XK81 with respect to the length of the non-a-
helical head and tail domains, accounting for the
very similar molecular masses of H50K and X1.51.

In contrast to all other type I cytokeratins se-
quenced,-the non—q-helical head domain of XL51
contains three acidic residues at positions 30, 38
and 40 (see fig.2). Typically, this domain contains
a few basic residues.

In conclusion, we believe that the type I
cytokeratin (M; 51000) presented here is probably
not the direct amphibian counterpart of human
cytokeratin no. 14, despite their very similar M;
values. It might, however, be the equivalent of no.
13 (M; 54 000) or the more acidic no. 15 (M; 50 000)
of the human catalog [2}].
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