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The basic isoform of profilin in pathogenic Entamoeba histolytica 
cDNA cloning, heterologous expression, and actin-binding properties 
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In the human parasite Entumoebu histolytica, components of the cytoskeleton are involved in the 
pathogenicity by their contribution to immune evasion by antibody capping and shedding. In this study, 
we focus on profilin as a central regulatory component of the cytoskeleton. Profilin was isolated from 
trophozoites of the pathogenic E. histolytica strain SFL-3, and partial amino acid sequences were used to 
devise a probe for isolating a profilin cDNA. The deduced complete primary structure was divergent: 
plant profilins with amino acid sequence identities in the range 33-38% were more closely related than 
the mammalian profilins with sequence identities 21-28%. The cDNA was expressed as a nonfusion 
protein in Escherichia coli. Isoelectric focussing of the natural profilin isolated from E. histolytica showed 
two isoforms with different isoelectric points ; the recombinant profilin migrated with the basic isoform. 
In a blot overlay experiment, purified 'Z51-labeled recombinant profilin bound not only to plant actin, but 
also to mammalian actin, demonstrating that cytoskeletal components from distantly related organisms 
with divergent primary structures can be compatible. 
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The presence of an actin-based cytoskeleton is a hallmark of 
the eukaryotic cell (Pollard and Quirk, 1994). Such a cytoskele- 
ton allows the cell to maintain or to change its shape, both on the 
outside and inside. Entamoeba histolyticu, the causative agent 
of invasive amoebiasis in humans, is the source of significant 
morbidity and mortality worldwide (Walsh, 1986). Although it 
is considered to be a primitive organism (Bakker-Grunwald and 
Wostmann, 1993), its cytoskeletal machinery is very efficient. 
E. histolyticu is capable of amoeboid motion, it  can engulf bacte- 
ria and erythrocytes, and it is able to cap and shed antibodies 
bound to its surface, thus evading the humoral immune response 
of the host (Calderh  et al., 1980). 

To understand these mechanisms of amoebic pathogenicity, 
it is necessary to examine the molecular components involved. 
Profilin Is a ubiquitous component of the cytoskeleton. It was 
discovered as an actin-binding protein (Carlsson et al., 1976) 
that is involved in dynamic processes like the acrosomal process 
(Tilney et al., 1983). Depending on the conditions, profilin is 
able to inhibit or to promote actin filament formation (Theriot 
and Mitchison, 1993 ; Sohn and Goldschmidt-Clermont, 1994). 
By binding to phosphatidylinositol 4,5-bisphosphate, profilin in- 
hibits the production of the second messengers inositol trisphos- 
phate and diacylglycerol by unphosphorylated phospholipase 
C-yl (Goldschmidt-Clermont et al., 1990, 1991). Profilin was 
detected several years ago in E. histolytica (Sabanero-Lopez and 
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Segura-Nieto, 1990). In this study, the isolation and cDNA clon- 
ing of E. histolytica profilin are reported. Although the molecule 
had a divergent primary structure, the recombinant molecule was 
able to interact with plant and mammalian actins. Isoelectric 
focussing showed that there were at least two profilin isoforms 
with different isoelectric points. 

EXPERIMENTAL PROCEDURES 

Reagents. Chemicals were obtained from Merck, restriction 
enzymes and T4 polynucleotide kinase were from Boehringer, 
plasmids were isolated using Qiagen columns (Diagen), and 
DNA was sequenced with T7 DNA polymerase (Pharmacia). 

Strains and culture conditions. Trophozoites of the axenic 
pathogenic E. histolytica strain SFL-3 (zymodeme 11) were 
grown in TYI-S-33 medium (Diamond et al., 1978). For stan- 
dard molecular biological work, Escherichia coli XLl-Blue 
(Stratagene) was used; E. coli CJ236 (Kunkel et al., 1987) was 
used for production of uridine-labeled single-strand phagemid 
and E. coli BL21 (DE3) pLysS (Novagene) was used for the ex- 
pression of recombinant profilin. This strain expresses T7 RNA 
polymerase under the control of a lacUV5 promoter, and a low 
level of T7 lysozyme. 

Isolation and protein sequence analysis of natural E. his- 
toZytica profilin. E. histo/ytica trophozoites (8OX 10') grown 
axenically for 48 h were lysed (Lind et al., 1987) in 30 ml buffer 
A [ I20 mM Pipes, 50 mM Hepes, 20 mM EGTA. 4 mM MgC12, 
10 mM glucose, 1.5% (by vol.) Triton X-100, pH 7.21 with 
added protease inhibitors (1 mM phenylmethylsulfonyl fluoride, 
20 mM iodoacetamide), debris was precipitated by centrifuga- 
tion for 5 min at 2000Xg and 4"C, followed by centrifugation 
for 90min  at 350000Xg and 4°C. The supernatant was incu- 
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bated with 20 ml poly(L-proline) coupled to CNBr-activated 
Sepharose 4B (Pharmacia) for 2 h at room temperature and over- 
night at 4°C. The affinity matrix was washed with 90 ml Tris/ 
NaCI/ATP (20mM Tris/HCl, 150mM NaC1, 0.5 mM ATP, 
pH 7.6), and profilin was eluted with 30 ml Tris/NaCI/ATP con- 
taining 2 M urea followed by 90 ml Tris/NaCl/ATP containing 
6 M urea. The eluates containing the profilin were dialyzed 
against H,O and lyophilized. 

Protein sequence analysis was performed by K. Stone at the 
W. M. Keck Foundation, Biotechnology Resource Laboratory, 
New Haven, Connecticut. The material was N-terminally 
blocked. Therefore, tryptic peptides were generated and sepa- 
rated by HPLC. Two peptides were sequenced by Edman degra- 
dation (peak 33: VDADEGTAMGK; peak 44: GAEGISIYK). 

Isolation of a complete profilin cDNA. The construction of 
the oligo(dT)-primed iZAP cDNA library from E. histolyticu 
strain SFL-3 has been described (Ortner et al., 1992). To screen 
the library with a mixed oligonucleotide probe, the peak 33 sc- 
quence was reverse translated into probe EHP-1 S'-CCC ATA/T 
GCA/T GTA/T CCT TCA TCA/T GCA TC-3', complementary 
to the mRNA and taking into consideration the codon usage of 
E. histolyticu (Plaimauer et al., 1993). 20X104 AZAP cDNA 
clones were plated onto E. coli strain XL1-Blue (Stratagene), 
transferred onto nitrocellulose (Schleicher & Schiill), and hy- 
bridized (Wallace et al., 1979) with the 32P-labeled probe EHP-1. 
Final wash conditions were bXNaCl/Cit (20XNaCVCit = 3 M 
NaC1, 0.3 M sodium citrate, pH 7.0), 0.1 % SDS at 50°C. 22 
positive clones were isolated and plasmids were obtained by in 
vivo excision (Short et al., 1988). Plasmid DNAs were se- 
quenced with the dideoxynucleotide chain-termination method 
using M13 reverse primer and T7 polymerase (Pharmacia) ac- 
cording to the instructions of the supplier. 

To obtain complete profilin cDNAs, two further rounds of 
screening with unmixed oligonucleotide probes EHP-2 (5'-CAC 
CCA TAC CTT TTC CAG CT-3') and EHP-3 (5'-GAA TGA 
ATC AAC ATA TGA TTG C-3') were performed. One of the 
complete cDNAs (pEHP6) was sequenced with T7 DNA poly- 
merase using M13 and synthetic primers. 

RNA methods. Total RNA was isolated (Chirgwin et al., 
1979) from trophozoites of E. histolytica SFL-3. The RNA was 
tested on a Northern blot (Sambrook et al., 1989). To examine 
the 5'-terminal untranslated region of E. histolytica profilin 
mRNA, a primer extension sequencing experiment (Kohrer et 
al., 1989) was carried out using the oligonucleotide EHP-2 (see 
above) to prime reverse transcriptase on 5 pg poly(A)-rich R N N  
reaction. The products were analyzed on an 8 % polyacrylamide 
sequencing gel (Sambrook et al., 1989). 

Southern-blot analysis. DNA was isolated from E. histoly- 
ticu trophozoites (Torres-Guerrero et al., 1991). For each lane, 
1 pg DNA was digested with the enzymes EcoRI, EcoRV, or 
DruI, electrophoresed on a 1 % agarose gel, blotted onto Immo- 
bilon N (Millipore), and hybridized with the cDNA insert from 
clone pEHP6, which was "P-labeled using the random hexamer 
method (Sambrook et al., 1989). The final wash conditions were 
1 XNaCI/Cit, 0.1 % SDS, at 60°C. 

Expression of the profilin cDNA in E. coli. The profilin 
cDNA insert was excised from the Bluescript pEHP6 plasmid 
with EcoRI and XhoI and cloned into the expression vector 
pET23( +) (Novagene). This phagemid carries a bacteriophage 
T7 promoter and terminator (Tabor and Richardson, 1985). The 
pET23( +) phagemid with pEHP6 cDNA insert was transformed 
into E. coli CJ236 (Kunkel et al., 1987), and uridine-labeled 
single-strand phagemid DNA was produced with the MI3 helper 
phage R408 (Stratagene). To introduce a sequence including the 
ribosome-binding site at the correct distance upstream of the 
translation initiation codon, the oligonucleotide EHP-EX 5'- 

GAT TGC CAA GAC ATG GTA TAT CTC CTT CTA GAG 
GGA AAC CG-3' was used to prime the synthesis of mutagen- 
ized second strands on the single-stranded uridine-labeled 
phagemid DNA. Transformation into E. coli XL1 -Blue (Strata- 
gene) resulted in clones, which were tested by restriction and 
DNA sequence analysis. The profilin expression plasmid PET- 
EHPI with the correct sequence was retransformed into E. coli 
BL21 (DE3) pLysS (Novagene). The E. coli cells expressing 
profilin were grown at 37°C in Luria-Bertani medium to an ab- 
sorbance of 1 .0 at 600 nm, and induced with 0.4 mM isopropyl 
thio-P-D-galactoside for 3 h. The cells were harvested for 10 min 
at 2000Xg and 4"C, suspended in buffer A (see above), and 
profilin was purified by poly(L-proline) affinity chromatography. 
The same quantities of reagents as described above were used, 
but this time the purification was carried out using a column 
instead of the batch procedure. 

Isoelectric focussing. Recombinant or natural profilin 
(100 ng) was loaded onto a pH 3.0-9.0 isoelectric focussing 
gel, provided for the Phast system (Pharmacia) and separated 
according to the instructions of the supplier. After separation, 
the proteins were silver stained. 

Blot overlay. Rabbit muscle actin and bovine serum albumin 
(Ria grade) were obtained from Sigma. Recombinant actin pre- 
pared as described previously (Valenta et al., 1993), was gener- 
ously provided by Richard B. Meagher, University of Georgia, 
Athens. On an SDS/polyacyrylamide gel, 1 pg Arubidopsis ac- 
tin, 1 pg rabbit skeletal muscle actin, and 2 pg bovine serum 
albumin were loaded and electrophoresed. Two gels were pre- 
pared in the same way. One of the gels was stained with Coo- 
massie brilliant blue R250 and the other gel was blotted onto 
nitrocellulose. The blot was blocked twice for 5 min and once 
for 30 min in Tris/NaCl/Tween [90 mM NaC1, 10 mM Tris/HCl, 
0.5 % (by vol.) Tween 20, pH 7.51 with 1 % bovine serum albu- 
min. Recombinant E. histolyticu profilin, 'ZsI-labeled by the 
chloramine-T method (Sambrook et al., 1989), was added at a 
concentration of 50000 cpndml, i.e. 1 .5 ng/ml Tris/NaCl/Tween, 
and incubated for 2 h at room temperature. The blot was washed 
twice for 5 min, once for 30 min in TrisNaCUTween, dried and 
autoradiographed. 

RESULTS 

Isolation and characterization of a complete E. histolytica 
profilin cDNA. Since the sequence similarity between the 
known profilins was rather low, DNA probes derived from other 
profilins were not expected to detect the E. histolytica cDNA. 
Therefore, amino acid sequence information was obtained from 
isolated natural E. lzistolyticu profilin. Two sequences were ob- 
tained by analysis of tryptic peptides (Fig. I) ,  and the sequence 
DADEGTAMG was reverse translated into a mixed oligonucleo- 
tide probe. Screening the cDNA library with this probe gave 
positive clones with significant sequence similarity to profilins. 
Two further rounds of screening were needed to obtain two com- 
plete cDNA clones pEHP6 and pEHP29. Both strands of the 
insert of clone pEHP6 were sequenced. 

The 5'-end of the profilin mRNA was examined by a primer- 
extension sequencing experiment (data not shown) using oligo- 
nucleotide EHP-2 as primer. The sequence information is in- 
cluded in Fig. 1. Since the first 5-6 bases at the transcriptional 
start could not be identified unambiguously by primer-extension 
sequencing, the first nucleotide displayed corresponds to nucleo- 
tide 6 or 7 of the mRNA. Clone pEHP29 starts at base 8, and 
pEHP6 at base 13. 

With the short 5'- and 3'-untranslated regions, typical for E. 
histolytica, the size of the profilin mRNA was calculated as 443 
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1 CTAAAAACAAAC Eh 
13 A T G T C ' ~ ~ ~ ~ ~ ~ T A ~ ~ ~ ~ A ~ T ~ ~ ~ ~ ~  Eh 

l M S W Q S Y V D S F L V G A G K G M G G A 1  I G L Q G G V W  Eh 

1 S W Q A Y V D D Q L V G T G B V I G A A I I G E D G N V W  Pp1 
I l l  I l l  I l l  I I I I I I  I I I  

103 G C ~ ~ ~ T n ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ T  Eh 
3 1 A A S A N C T P S A Q E S V A I G T A C A S N I A G L Q Q T  Eh 

3 0 . A S K N L S L K A G E G A K I V N G F . K D S A S V L S G  Ppl 
I I  I I I  I I 

193 G G n ; T T G A ~ ~ T ~ T ~ ~ ~ ~ ~ T ~ ~ ~ ~ ~ T A ~ T ~ ~ T A ~  Eh 
6 1 G V V I G G K K Y M I T R Y D A D E G T A M G B  K E A E G I  Eh 

5 8 G I F V D G Q K Y L T . . I K A D D K S I Y G K K G A G G V  Ppl 
I I I I  I I  I I I I I  I 

2 83 T C A A T T ~ A ~ T ~ T A T C A T T G G A T A T  Eh 
9 l S I Y K T K Q A V I I G Y F S D A S V S A G Q N S D A T Y K  Eh 

8 6 V L V K T G Q S V L I G I i Y N E T . I Q P G Q A T T V V E K  Ppl 
I 1  I I I I  I 1  I 

3 7 3  T G C G C T A A A T A T C A ~ G C ~ T A T T A A G T T A A A C  
121 C A K Y  L M D A G Y  * 
115 L A D  Y L R E N S Y * 

I I I  I 1  

Eh 
Eh 

Ppl 

Fig. 1. Sequence of the E. histolytica profilin cDNA, deduced amino acid sequence, and comparison with Physarum polycephalum profilin. 
The amino acid sequences of the internal tryptic peptides in peak 33 and peak 44 are underlined in the deduced amino acid sequence. The E. 
histolytica sequence is compared with the most similar profilin sequence from Physarurn polycephalurn. Eh, E. Izistolytica profilin ; Ppl,  P. polycepha- 
lurn profilin I (profilin A, basic isoform); identical residues are marked ( I ) ;  gaps that were introduced for optimal alignment are indicated (.). 

Fig.2. Southern blot of E. histolytica DNA probed with profilin 
cDNA. For each lane, 1 pg E. histolytica genomic DNA was cleaved 
with the following: lane 1, EcoR1; lane 2, EcoRV; lane 3, D r d .  The 
samples were transferred onto lmmobilon N, and hybridized with the 
"P-labeled cDNA insert of clone pEHP6. The sizes of representative 
marker fragments (bp) are indicated at the right and left sides. 

nucleotides plus the poly(A) tail. A strong signal compatible 
with this size was observed in a Northern (RNA) blot of total 
and poly(A)-rich RNA from E. histolytica (data not shown). 

To test whether there were further closely related profilin 
genes in E. histolytica, a Southern-blot experiment was per- 
formed. E. histolyticu genomic DNA was digested with the re- 
striction enzymes EcoRI, EcoRV, and DruI, which do not cleave 
the cDNA pEHP6. The digests were electrophoresed and blotted, 
and the blot was hybridized with the "P-labeled pEHP6 cDNA. 
The blot was washed with intermediate stringency (1 XNaCUCit, 
0.1 % SDS, at 60°C). The results are shown in Fig. 2. All three 
digests gave only single bands, indicating the absence of further 
closely related profilin genes. 

Analysis of the deduced protein sequence. The sequence ob- 
tained from clone pEHP6 (Fig. 1) contained an open reading 
frame coding for a polypeptide with 130 amino acid residues 
and a deduced molecular mass of 13.2 kDa. Both tryptic peptide 
sequences were part of the open reading frame (Fig. l ) ,  and both 
were preceded by basic amino acid residues as expected for tryp- 

tic fragments. The deduced polypeptide had end-to-end sequence 
similarity with profilins in the databases. At the time of the prep- 
aration of this manuscript, the Swiss-Prot database (version 
31.0') contained 26 profilin sequences from 17 eukaryotic spe- 
cies plus two viruses. All the sequences were aligned with the 
E. histolytica profilin sequence and with each other. Table 1 
shows a partial list of amino acid sequence identities of profilins 
from representative species, E. histolytica (Ehis), Acanthumoebu 
custellanii (Acl a, Acl b, Ac2) (Pollard and Rimm, 1991), Dicty- 
ostelium discoideum (Ddl, Dd2) (Haugwitz et al., 1991), Phy- 
sarunz polycephulum (Ppl, Pp2) (Binette et al., 1990), Saccharo- 
myces cerevisiue (Sce) (Magdolen et al., 1988), Nicotiana taba- 
cum (Nta) (Mittermann et al., 1995), and Homo supiens (Hsl) 
(Kwiatkowski and Bruns, 1988) and (Hs2) (Honor6 et al., 1993). 
The degree of sequence similarity between the E. histolytica pro- 
filin and profilins from other species was only moderate, the 
closest relatives were the two Physarum sequences with 41% 
sequence identity. The alignment with the basic isoform of Phy- 
surum profilins (Ppl), which is also the form preferentially ex- 
pressed in Physarum amoebae is shown in Fig. 1. Remarkably, 
the plant profilins were as closely related as the other amoeba 
profilins. For example, 38% identity was observed with tobacco 
profilin, whereas the mammalian profilins were clearly less re- 
lated (for example 23 % and 28 c/o identity with the human profi- 
lins). The profilin isoforms were divergent in several species: 
only 56% identity in the Dictyostelium, 66% in the Physarum, 
and 62% in the human profilin isoforms were found. 

Expression of E. histolytica profilin in E. coli. An expression 
construct pETEHPl was generated that contained the insert from 
pEHP6 inserted between a T7 RNA polymerase promoter and 
terminator, and containing a bacterial Shine-Dalgarno sequence 
for efficient translation. The plasmid was retransformed into E. 
coli BL21 (DE3) pLysS. Cells were grown in Luria-Bertani me- 
dium, and the production of recombinant protein was induced 
with 0.4 mM isopropyl thio-/j-I>-galactoside. The recombinant 
profilin was purified by poly(L-proline) affinity chromatography 
using a column procedure. 

Isoelectric focussing of natural and recombinant E. histoly- 
tica profilins. Since Physarum, Dictyostelium, and Acanthu- 
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Table I .  Amino acid sequence identities of representative profilins. Amino acid sequences from E. histolytica (Eh), Acanthamoeba castellanii 
(Acla, Aclb, Ac2), Dictyostelium discoideum (Ddl, Dd2), Physarum polycephalum (Ppl, Pp2), Saccharomyces cerevisiae (Sce), Nicotiana tabacum 
(Nta), and Homo sapiens (Hsl, Hs2) were aligned. The percentage of identical amino acid residues is shown. 

Sequence for 
comparison 

Identical amino acid residues for 

Acla Aclb Ac2 Ddl Dd2 Ppl Pp2 Sce Nta Hsl Hs2 

Eh 
Acla 
Aclb 
Ac2 
Ddl 
Dd2 
PPl 
PP2 
Sce 
Nta 
Hsl 

33 34 36 40 35 41 41 38 
94 84 48 41 52 55 41 

84 49 49 52 54 42 
42 48 5 1  55 41 

56 52 62 39 
44 49 39 

66 51 
44 

38 
38 
39 
41 
48 
40 
44 
40 
32 

23 
26 
25 
29 
23 
26 
28 
21 
31 
34 

28 
25 
26 
29 
21 
28 
28 
25 
32 
33 
62 

Fig. 3. Isoelectric focussing. Profilins were separated by a pH 3 -9 iso- 
electric focussing gel and silver stained. Lane 1 ,  recombinant profilin 
produced from E. coli BL21 (DE3) harboring the plasmid pETEHPl ; 
lane 2, natural profilin isolated from E. histolytica SFL-3. 

nzoeba all possess at least two isoforms of profilin, it was sur- 
prising to observe that the Southern blot of E. histolytica DNA 
displayed only one set of fragments. Since the profilin isoforms 
in other organisms had different isoelectric points, the natural 
isolated profilin preparation was examined using an isoelectric 
focussing gel, spanning a PI range of pH 3.0-9.0. The recombi- 
nant and natural profilins were compared. Fig. 3 shows that the 
natural profilin preparation contained two isoforms. The third 
visible band at the bottom was thought to be derived from mate- 
rial left in the slot located in the middle of the gel. The recombi- 
nant profilin comigrated with the basic natural profilin isoform. 
This correlated with an isoelectric point of pH 7.9, predicted 
from the amino acid sequence. 

Interaction of recombinant E.  histolytica profilin with mam- 
malian and plant actins. The actin-binding properties of the 
cloned profilin were investigated in a blot overlay experiment. 
Rabbit muscle actin, recombinant actin from Arabidopsis, and, 
as a control, bovine serum albumin, were electrophoresed in par- 
allel on two SDS/polyacrylamide gels. Fig. 4A shows the first 
gel that was stained with Coomassie brilliant blue. The proteins 
on the second gel were blotted onto nitrocellulose. Recombinant 
E. histolytica profilin as the possible binding partner was lZ5I 
labeled. Fig. 4B shows the autoradiography of a sample of la- 
beled profilin, tested on an SDS/PAGE gel. The same labeled 

Fig. 4. Actin-binding properties of recombinant E. histolytica pro- 
filin. Lanes 1, bovine serum albumin; lanes 2, rabbit muscle actin; lanes 
3, recombinant Arabidopsis thaliana actin ; lane 4, recombinant E. histo- 
lytica profilin. (A) Coomassie-stained SDS/polyacrylamide gel. 1 pg ac- 
tin or 2 pg bovine serum albumin was loaded per lane. (B) SDS 
polyacrylamide gel. 50000 cpm '251-labeled profilin were loaded, elec- 
trophoresed, and detected by autoradiography. (C) Blot overlay experi- 
ment. The same amounts of protein as in A were loaded onto an SDS/ 
PAGE gel, electrophoresed, and blotted onto nitrocellulose. The blots 
were incubated with "Tlabeled recombinant E. histolytica profilin, and 
bound protein was detected by autoradiography. 

profilin preparation was used to interact with the blot of actins 
and control protein. Fig. 4 C  shows the results. Both rabbit and 
Arabidopsis actin clearly bound to E. histolytica profilin, 
whereas no signal was observed for the control protein, bovine 
serum albumin. 

DISCUSSION 
In the human parasite E. histolytica, a major immune evasion 

mechanism, the capping and shedding of host antibodies bound 
to the amoebic surface, is dependent on cytoskeleton-based 
mechanisms. Profilin is a ubiquitous multifunctional component 
of the eukaryotic cytoskeleton, therefore we wanted to investi- 
gate its role in motility and immune evasion of E. histolytica. 

A different aspect of profilin is its role as an allergenic pro- 
tein in plant pollen from grasses, trees, and weeds (Valenta et 
al., 1991, 1992). Based on the theory that plant allergens may 
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be related with parasite antigens, which may have been the early 
IgE antigens, it has been shown that the IgE in serum from 
profilin-allergic patients (DuchEne et al., 1992) as well as some 
but not all amoebiasis patients (Binder, M., unpublished results) 
bound to E. histolytica profilin. In this study, a complete profilin 
cDNA was isolated. The deduced amino acid sequences of E. 
histolytica and plant profilins were rather closely related (Ta- 
ble 1). This unexpected sequence similarity pointed again to a 
relation of parasite antigens with allergens. So far, however, only 
few data exist about the relevance of 1gE-based humoral immu- 
nity in amoebic disease. 

When the natural profilin isolated by poly(L-proline) affinity 
chromatography from an E. histolyticu lysate was examined by 
isoelectric focussing, two isoforms were detected, similar to the 
situation in Physnruin and Dictyostelium. The cloned profilin 
clearly corresponded to the basic isoform. The acidic and basic 
isoforms of Phvsarunz and Dictyostelium profilins were only 
66% and 56% identical at the amino acid level. If the situation 
was similar for E. histolytica, this divergence could explain why 
only one set of signals was observed in the Southern blot. The 
final proof that the acidic poly(L-proline)-binding protein is also 
a profilin will require further molecular analysis. 

Recombinant E. histolyrica profilin was able to bind to plant 
and to mammalian actins and was able to take the place of more 
closely related plant profilins and more distantly related mam- 
malian profilins. In their crystal structure of the bovine profilac- 
tin complex, Schutt et al. (1993) described 21 residues of pro- 
filin that make the contact to actin. Remarkably, only four of 
these residues were identical between the bovine and E. histoly- 
tica profilin sequences, whereas 17 of these 21 residues were 
conserved among all the mammalian profilins. Therefore, even 
under conditions of strong sequence divergence, cytoskeletal 
components from distantly related organisms can interact with 
each other. 

We thank R. Meagher from the University of Georgia, Athens, for 
the gift of recombinant A. thaliana actin. This study was supported by 
grant P09256-MED from the Austrian Science Foundation, Vienna, 
Austria. 
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