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A single amino acid difference distinguishes the human and the rat
sequences of stathmin, a ubiquitous intracellular phosphoprotein
associated with cell regulations
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Stathmin is a ubiquitous phosphoprotein proposed to play a general role as an intracellular relay integrating diverse regulatory signals of the cell’s

environment. We used a rat stathmin probe to isolate two classes of cDNAs coding for the human protein and corresponding to the usage of

different polyadenylation sites. Compared to the rat sequences, they displayed a very high conservation both at the nucleic acid and the deduced

protein sequence levels, with a single conservative amino acid difference. Further analysis of the protein sequence revealed novel putative phos-

phorylation sites, as well as internal repeated sequences which might reflect structural features involved in the molecular mechanisms by which

stathmin fulfills its biological functions. The extreme conservation of the entire stathmin sequence further stresses the essential and general role
of stathmin in cell regulations.
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1. INTRODUCTION

Stathmin [1], also designated P19 [2], ppl7 or pro-
solin [3] and pl8 [4], is a ubiquitous protein whose
phosphorylation in vivo was observed in numerous
biological systems in response to extracellular
regulatory agents. The regulations of its phosphoryla-
tion in diverse tissues and cell types, as well as its on-
togenic expression profile, suggested that stathmin is
physiologically involved in both ‘developmental’ and
‘functional’ regulations [5]. It may thus play a general
role as an intracellular relay integrating the diverse se-
cond messenger pathways triggered by the various
signals of the cell’s environment [1].

Stathmin (M; = 19000, p/ = 6.2—5.6) is most abun-
dant in neurons [6] and was purified from rat [1] and
bovine [2] brain. Two isoforms, « and 82, were iden-
tified {7], differing only by posttransiational modifica-
tions [8]. The corresponding unique rat ¢cDNA was
recently cloned from libraries of both the PC12 cell line
[8] and testis [9]. The deduced amino acid sequence
displayed a strong homology (65% amino acid identity)
[9] with the developmentally regulated neuronal protein
SCG10 [10].

On the basis of two-dimensional electrophoretic pat-
terns and immunological cross-reactivity, stathmin ap-
pears to be well conserved throughout the evolution of
vertebrates [5]. Partial protein sequencing of the bovine
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brain protein also suggested a very high conservation
among mammals [9].

In order to further investigate stathmin conservation
and to determine its potentially functionally important
conserved regions, we cloned stathmin ¢cDNAs from a
human testis library, We show here that stathmin is ex-
tremely well conserved among mammals, since the rat
and human sequences differ only by a single conser-
vative amino acid change. Such a high conservation is
likely related to the very general and ubiquitous role of
stathmin in the biological regulations of celis.

2. MATERIALS AND METHODS

2.1. ¢cDNA library screening

500000 phages of a Agtll human testis cDNA library (Clontech)
were screened with the multiprime labeled [11] |1-809| EcoRI-Dral
fragment of the rat stathmin cDNA pS62b clone [8].

Hybridizations were carried out at 51°C for 14 h in a solution con-
taining 5 x SSC, 0.5% SDS, 20% formamide, 25 mM sodium
phosphate, 2 mM EDTA and 100 g#g/m! salmon sperm DNA. Final
washes were performed at 55°C in 0.2 x SSC, 0.1% SDS.

2.2. Subcloning and ¢cDNA sequencing

The DNA of 14 out of 70 positive recombinant phages was
purified, digested with EcoRI, and analyzed by Southern blotting
[12] with the rat ¢cDNA probe. In all cases two bands were revealed
indicating the existence of an internal EcoRlI site. The ¢cDNA inserts
were extracted after either partial or total EcoRl digestion, and
various inserts were subcloned in both directions into the plasmid
vector Bluescript SK* (Stratagene, San Diego, CA).

Single-stranded DNA templates were prepared by infection of
cultures with M13 helper phage K07. Nucleotide sequences were
determined with the dideoxy chain terminator method {13] using syn-
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Fig. 1. Strategy for sequencing the cDNAs encoding human
stathmin. Arrows correspond to the sequences determined with three
‘short’ cDNA inserts (H) and with two ‘long’ ones (H’). The open
reading frame (dark bar) polyA tails (shaded line) and relevant
restriction sites (E, EcoRI; P, Pflml; Ss, Sspl; Sc, Scal) are indicated.

thetic primers and a modified T7 DNA polymerase (Sequenase, US
Biochemical Corp., Cleveland, OH).

2.3. Southern blot
Ten xg of BamHI- or EcoRI-digested human genomic DNA were
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electrophoresed on 0.7% agarose gels, transferred to nylon mem-
brane (Zeta Bind) and probed with the 1393—817| Pfiml-Scal ¥P-
labeled fragment of human stathmin ¢cDNA as described [12].

3. RESULTS AND DISCUSSION

3.1. Cloning of human stathmin cDNAs

Testis being the tissue where stathmin is most ex-
pressed after brain, we screened a human testis cDNA
library with a rat probe originally cloned from a PC12
cell library [8] and known to be identical to the cor-
responding rat testis probe [9].

At high stringency, positive clones were found at a
frequency of about 1/10000, in good agreement with
the expected expression of stathmin in testis as com-
pared to brain [5,14]. Among the positive clones, two
classes were found according to the size of their inserts:
long ones, approximately 1450 bp, and short ones, ap-
proximately 1050 bp (Fig. 1).
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R ~GCCAGTGGATTGTETAGAGTGTACAGCCAGTCTCTTGTCTTCTETCCAACATGGCATCTTCTGATATTCAGGTGAAAGAGC TGGAGAAGCGAGCTTCCEGCCAGELCTTTTGAGCTGATT 237

H TCCCAGTTGATTGTGCAGMTACACTGCCTGTCGCTTGTCTTCTATTCACCATGGCTTCTTCTGATATCCAGGTGAMGAACTGGAGMGCGTGCCTCAGGCCA@CTTTTGAGCTGATT 150
M A S S D1 QVKETLTETZKTHRA

@GQAFELI 23

357
¢ 270
L 63

477
390
103

597
510
143

716
630
149

826
749

941
869

R TTCCMCCCATTAGATGCTGAGTATCTGTTCACTTTGCGATCCCMTTCTGTCCCAATCTCACCAGATGCTACTGTACTGGMTGGTTAA]_’MA—CTGCACAGTGCTGTTGGTC pPA 1054

H  TTTTGACTGTTAGATGCTGAATATCTGTTCACTTTTCAATCCCAATTCTGTCCCAATCTT ACCAGATGCTACTGGACTTGMTGGTTMIMAACT GCACAGTGCTGTT pA 979

GGTGGCAGTG 989

H' ACTTCTTTTIGAGTTAGGTTAA MATCAAGCCATAﬁAGCCCCTCCTGGTTGATACTTGTTCCAGATGGGGCCTTTGGGGCTGGTAGMATACCCAACGCACAMTGACCGCACGTTCTCT 1109

GCCCCGTTTC’ITGCCCCAGTGTGGTTTGCATTGTCTCCTTCCACMTGACTGCTTTGTTTGGATGCCTCAGCCCAGGTCAGCTGTTACTTTCTTTC.AGATGTTTATTTGCAMCMCCAT 1229
TTTTTGTTCTGTGTCCCTTTTMAAGGCAGATTAAAAGCACAAGCGT‘GTTTCTAGAGMCAGTTGAGAGAGMTCTCAABATTCTACTTGGTGGTITGCTTGCTCTACGTTACAGGTGGG 1349

H

GCATGTCCTCATCCTTTCCTGCCATAAAAGC TATGACACGAGAATCAGAATATTAATAAAACTTTATETACTGCTGTAGT pA 1429

Fig. 2. Compared polynucleotide and deduced amino acid sequences of human and rat stathmin cDNA clones. The polynucleotide sequences of

the ‘short’ (H) and the further extension of the ‘long’ (H') human clones are shown in comparison with the sequence of the rat pS62b clone

(R) [8]; polyadenylation signals are underlined. The single amino acid residue difference between the human and rat sequences is indicated (boxed).

Presumed phosphorylation sites previously identified [8,9] for the cAMP-dependent protein kinase (serines-16, -46 and -63) are circled, together

with putative phosphorylation sites (serines-25 and -38) for the proline-directed serine/threonine kinase whose surrounding sequences are overlined

(see text). Brackets underline the short HE(A/K)EVL repeat, whereas sequences corresponding to the long, 40%- conserved repeat (see Fig. 4)
are shaded.
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Sequencing of the two classes of clones revealed that
they differ only by their 3’ ends, the short ones being
polyadenylated a few bases after the first polyadenyla-
tion signal, whereas the long ones extend about 450 bp
further, with two other polyadenylation signals
(Fig. 2). We did not find any clone corresponding to
the second polyadenylation signal, at only 46 bp from
the first one. This might be due to a relatively low
abundance of corresponding messengers, or to the pro-
ximity of the two polyadenylation sites, making the
resulting clones difficult to distinguish by size. Due to
the difficulty of getting human testis mRNA in good
condition, RNA blots were unfortunately not of suffi-
cient resolution to allow a direct detection of distinct
stathmin mRNAs. However, since several independent
clones, with slightly different polyA lengths, were iden-
tified for each of the two clone types, it is clear that
they correspond to mRNAs actually expressed in the
tissue of origin. The low-intensity mRNA bands
hybridizing with the rat probe in rat brain and testis
might thus correspond to such alternatively processed
transcripts [9], although their sizes are different in rat
and human. In any case, the expression of at least two
mRNAs, which may have different stabilities in the
cell; most likely reflects a possible level of regulation of
the expression of stathmin itself.

Southern blots of human genomic DNA revealed one
or two positive restriction fragments with EcoRI or
BamHI digestions (Fig. 3), a pattern compatible with a
single gene for stathmin. However, more bands were
detected at lower stringency (not shown), possibly cor-
responding to genes coding for other members of the
family of stathmin-related proteins [5,9]. The addi-

EcoRl
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Fig. 3. Genomic Southern blot analysis. Human placental DNA was

digested with the indicated endonucleases and hybridized with a

415-bp probe located downstream the internal EcoRI site of the
c¢DNA inserts (see Fig. 1).
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tional low-stringency bands might, however, also
reflect the existence of pseudogenes, as suggested by
preliminary rat genomic cloning results (V. Doye, un-
published results).

3.2. Extreme conservation
mammals

The nucleic sequences of the short clones are overall
extremely homologous — 88% with a few gaps ~ to the
corresponding region of the rat pS62b clone [8]
(Fig. 2). They have a shorter 5’ -untranslated sequence,
whereas their 3 sequence covers the whole length of
the rat cDNA. The degree of homology is even higher
in the coding (91%) than in the 5’ (74%) and 3’ (86%)
non-coding areas. In the 5'-end region where the two
published rat sequences [8,9] diverge, the homology of
the human sequence is best with the pS62b clone [8].

The amino acid sequence of human stathmin deduc-
ed from the cloned cDNAs (Fig. 2) is identical to the se-
quence of the rat protein with the exception of an
isoleucine replacing a valine at position 129. This dif-
ference is very conservative, since isoleucine is the
closest possible analogue of valine. The conservation
appears therefore almost total between rat and human
stathmin. Interestingly, the same amino acid difference
exists between the rat and bovine sequences, which may
differ, however, by at least two additional residues ac-
cording to the partial bovine protein sequence available
as determined by direct peptide sequencing [9].

We showed recently that stathmin is immunological-
ly well conserved through the evolution of vertebrates
{5]. Our present results show more precisely that, at
least throughout mammalian evolution, the selection
pressure must have been extremely high for the conser-
vation of stathmin, suggesting that its nearly entire se-
quence must be important to fulfill its biological
functions.

of stathmin among
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Fig. 4. Long internal repeat in the stathmin amino acid sequence. Dot

matrix analysis was performed with a 40% conservation score and a

window of 35, revealing the long internal repeat between regions

148821 and 199-134|. Numbers indicate amino acid positions in the
stathmin sequence.
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3.3. Phosphorylation sites and internal repeats

We previously identified two consensus sequences
around serines-16 and -63 corresponding to potential
phosphorylation sites for the cAMP-dependent protein
kinase [8], and a third less stringent one around
serine-46 was also proposed [9]. Further examination
of the sequence reveals the existence of a potential site,
around  serine-38, for the  proline-directed
serine/threonine kinase recently identified in rat
pheochromocytoma and PCI2 cells [15]. The sequence
in stathmin
(PLSPPKKK) fits the typical characteristics of the
sequences identified as good substrates for this enzyme:
Ser-Pro-X;..3 followed by basic residues, usually in a
proline-rich environment [15]. Ser-25 (ILSPRSK)
might also be a phosphorylation site, although slightly
less typical for the same kinase. These observations are
interesting in view of the fact that stathmin
phosphorylation is also stimulated in PC12 cells, where
this kinase was originally identified, in response to
NGF and other extracellular regulatory agents ([16],
and Doye, V., Boutterin, M.C. and Sobel, A., submit-
ted for publication).

Computer analysis of the amino acid sequence of
stathmin revealed the existence of two types of internal
repeats. The first one is a short, 6-residue motif (64—69:
HEAEVL), repeated with a single substitution (78—83:
HEKEVL). Due to the low probability for such a repeat
to occur within a 149-residue protein, it is possible that
the sequence HE(A/K)EVL corresponds to some
specific site whose functional or structural role remains
to be determined.

The other internal repeat concerns a more extended
35 amino acid sequence, repeated with 40% identity
between residues [48—-82| and 199-1341 (Figs 2, 4).
These relatively large repeats might correspond to func-
tional and/or evolutionary duplicated domains of the
protein. Interestingly, the [48-82] sequence covers
almost entirely the region previously identified in rat
stathmin as a region of homology with proteins of the
intracellular (cytoplasmic and nuclear) matrix [8].
Although we proposed that this domain might be a
region of self-association of stathmin or of its interac-
tion with cell matrix components [8], further studies
will be necessary to understand the structural and/or
functional importance of this long repeat in the
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molecular mechanisms by which stathmin fulfills its
biological functions.

In conclusion, the characterization of human clones
for stathmin has brought new insights regarding its
molecular properties and the regulation of its expres-
sion, and it mostly demonstrated the extreme conserva-
tion of this protein among mammals, a feature
stressing the most likely essential and general role of
stathmin in cell regulations.
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