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Background. Trichomonas vaginalis, a protozoan parasite of the human urogenital tract,
interacts with fibronectin (FN), a glycoprotein of the extracellular matrix. We, therefore,
attempted to identify genes of this eukaryote encoding FN-binding proteins.

Methods. A cDNA clone, C1, representing an incompl ete gene was obtained from an ex-
pression library based on its FN-binding ability and was characterized. The full-length
378-bp gene encoding a 14.8-kDa protein of 125 amino acids was obtained.

Results. The amino acid sequences revealed homology with the type I11-14 repeat of the
heparin-binding domain at the carboxyl terminal end of FN. This fibronectin-like protein
gene, flpl, was single copy in al the T. vaginalis isolates examined. Levels of flpl tran-
script were elevated in cells grown under low-iron conditions. Another low-iron-regulated
gene, flp2, with 70 and 67.5% identity to flpl at the nucleotide and amino acid levels, re-
spectively, was recovered from the trichomonad genome. Both flp1 and flp2 had consen-
sus Inr promoter-like elementsimmediately adjacent to the start codon. flp2 also contained
an additiona Inr element followed by an ATG 24-bp within the gene.

Conclusions. Unlike flp2, the flpl gene had AU-rich destabilizing elementsin the 3'-untrans-
lated region (UTR). © 2001 IMSS. Published by Elsevier Science Inc.
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Introduction

The protozoan Trichomonas vaginalis is the causative agent
of the most common, non-viral, sexually transmitted disease
(STD), trichomonosis (24). It is estimated that in the U.S.
alone, over 5 million women will be infected each year (10).
Colonization of the vaginal tract by trichomonads is essential
for initiation of infection, and four T. vaginalis surface pro-
teins, whose expression is under the control of iron, permit
cytoadherence to the terminally differentiated vaginal epithe-
lia cdls (VECs) (1,8,9). This protozoan also produces nu-
merous cysteine proteinases that cause contact-dependent cy-
totoxicity (2,3,5-7) and, when combined with the hormonally
regulated exfoliation of the epithelial outer layers, may lead
to erosion of the epithelium and exposure of underlying struc-
tures. While parasites do not bind immature VVECs (parabasal
cells), it was recently shown that trichomonads interact in a
receptor-mediated fashion to fibronectin (FN) (11).
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In this paper, we describe the discovery of two single-
copy genes, flpl and flp2, both of which encode proteins
with homology to FN. Functional screening with FN of a
cDNA expression library identified one of the genes. It is
noteworthy that flpl and flp2 contained unusual regulatory
elements. The significance of our resultsis discussed.

Materialsand M ethods

Culture and growth of microorganisms. Recombinant Es-
cherichia coli strains InvaF’' and TOP10 containing the
vectors pcDNAII, pCR2.1, or pTrcHis2A (Invitrogen), were
grown in Luria broth (LB) or on LB agar plates containing
65 wg mL* ampicillin (23). Recombinant protein produc-
tion in pcDNAII and pTrcHis2A was induced with a3-h in-
cubation of cultures in the presence of 1 mM isopropyl-
B-D-gaactopyranoside (IPTG, Sigma Chemica Co., St
Louis, MO, USA). The fresh, clinica T. vaginalis isolate
T016 was grown in trypticase-yeast extract-maltose me-
dium supplemented with 5% heat-inactivated horse serum
at 37°C. High and low iron organisms were generated as de-
scribed previously (11).
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Screening of T. vaginalis cDNA expression library. Recom-
binant E. coli strain InvaF’, containing the cDNA library
previously generated (4), was screened for colonies binding
to FN. Briefly, overnight (O/N) cultures were lifted onto ni-
trocellulose, induced, lysed, and blocked with TNT buffer
(20 mM Tris-HCl, pH 8.0, 150 mM NaCl and 0.05% Tween-
20) containing 5% milk and 1.5% bovine serum albumin), as
described previoudly (4). Colonies were incubated O/N with
50 wg ML2 FN in TNT buffer at 4°C. Blots were washed and
incubated O/N at 4°C in goat anti-FN 1gG antibody (25 g
mL-Y). Finaly, the nitrocellulose filters were incubated in
rabbit anti-goat antibody coupled to akaline phosphatase
(1:6000), washed in TNT buffer, and developed (23). Reac-
tive E. coli colonies were subjected to insert analysis (4). E.
coli lysate was run on a 10% SDS-PAGE gdl (16) and trans-
ferred to nitrocellulose. After blocking in TNT-5% milk,
blots were handled as described previoudly (23).

Generation of full-length sequences for flpl and flp2. The
cDNA insert, C1, was sequenced using the T7 Segquenase®
Version 7.0 7-deazaedGTP DNA sequencing kit (Amer-
sham Life Sciences, Arlington Heights, IL, USA). The re-
maining 5'-end sequence missing from C1 was obtained
with the Universal GenomeWalker™ kit (Clontech Labora
tories, Inc., Palo Alto, CA, USA) using the cDNA-derived
primer flpl-P1 (5'-CATGCTTTGGATCGCCATATTCAC-
CTGG-3"). The complete sequence of flp2 was obtained using
the Universal GenomeWalker™ kit (Clontech Laboratories,
Inc.) and the primer flp2-P1 (5 TTATGGCACAGTACC-
AGGACGAAG-3). PCR was performed using the condi-
tions recommended by the manufacturer. Computer analyses
of complete sequences utilized Omiga 1.1.3 (Oxford Molec-
ular, Ltd., Oxford, UK). Blast homology searcheswere carried
out using SwissProt, GenBank, and EMBL. The sequence
data presented in this paper were submitted to GenBank un-
der accession numbers AF153014 and AF153015.

Northern and Southern analyses. Total RNA was obtained
using TRI REAGENT™ (Sigma) from lysates of 10° high-
and low-iron-grown trichomonads according to the manu-
facturer’s protocol and quantified spectrophotometrically.
Genomic DNA (gDNA) was harvested from 108 parasites
by phenol/chloroform extraction, as carried out previously
(9), and quantitated. Northern and Southern analyses were
performed as before (9). *2P-radiolabeled probe was gener-
ated by nick trandation of purified C1 insert. For Figure 5,
part A, gDNA from isolate T016 was digested with Blgll,
Clal, Notl, Mlul, Pwull, and EcoRV (Boehringer Man-
nheim, Mannheim, Germany) (data not shown), and for part
B, gDNA from five different isolates was digested using
Hincll restriction enzyme (12). Digested gDNA (10 g per
lane) was electrophoresed on a 0.7% agarose gel. Total
RNA (3 g per lane) was run on a 1% denaturing agarose
gel containing 1X MOPS (morpholinepropanesulfonic acid)
and 8% formaldehyde. Nucleic acids (DNA and RNA) were

transferred onto a nylon membrane (ZetaProbe®, BioRad
Laboratories, Hercules, CA, USA). Following a 1-h incuba
tion of membranes in hybridization solution (50% forma-
mide, 120 mM NaHPO,, 250 mM NaCl, 7% SDS, 1 mM
EDTA) at 42°C, the ¥P-labeled probe was added and blots
were incubated overnight at 42°C. Membranes were washed
for 30 min at room temperature with 2X SSC (1X SSCin 150
mM NaCl and 15 mM sodium citrate, pH 7.0)—0.1% SDS,
followed by a wash in 0.5X SSC—0.1% SDS. A final wash
was performed in 0.1X SSC—0.1% SDS for 30 min at 65°C.
Autoradiography was performed on each probed membrane.

Cloning of flpl into pTrcHis2A. pFLP1A and pFLP1B were
generated by directional cloning of flpl into pTrcHis2A
using BamHI and Hindlll and the sense primers flp1l-P2
(5'-TTGGATCCGATGGGCGACAGAAGAGACAACAT
ACGACC-3) and flpl-P3 (5'-TTGGATCCGATGGC-
GACAGAAGAGACAACATACGACCTTCT TTCAAGA-
CACG-3'), respectively. The antisense primer flpl-P4 (5'-
TTAAGCTTGAGTGGTGTAACTTCAGT GCATGGGC-3')
was used for both. Products were amplified during 20 cycles
of PCR at 94°C for 30 sec, 61°C for 30 sec, and 68°C for 3
min. Clones were sequenced as described previousy. Re-
combinant lysates were electrophoresed and transferred to
nitrocellulose (23), and FN-binding activity was determined
as described previously.

Cloning of flp1 and flp2 into pcDNAII. Primers flp1-P2 and
flpl-P5 (5-TTGCGGCCGCTTAGAGTGGTGTAA CT-
TCAGTGCATGGGC-3") and flp2-P1 and flp2-P2 (5*-
TTGCGGCCGCTTATAGTGGTGTGACTTCTGTTTTG-
GACGTTCTGG-3") were used to generate full-length clones
of flpl and flp2, respectively. Genes were amplified during
25 cycles of PCR at 94°C for 30 sec, 61°C for 30 sec (55°C
for flp2), and 68°C for 2 min. PCR products were digested
with BamHI and Notl and cloned into pcDNAII.

RT-PCR. RT-PCR was performed as follows: 0.2 ug low
iron total RNA and 1 pL oligo(dT) primer (0.5 mM final)
were incubated at 70°C for 2 min followed by 2 min on ice.
To thereaction, 10 U AMV reverse transcriptase (Promega),
1 pL dNTP mix (10 mM each) (Boehringer Mannheim),
and 2 pL 5X reaction buffer was added as described by the
manufacturer. The reaction was incubated at 42°C for 1 h
and at 70°C for 15 min, and placed on ice. Control reactions
were also prepared but without addition of AMV reverse
transcriptase. The primers used for the PCR reactions were
those utilized for cloning as previously described.

Results

Anaysis of flpl and identification of flp2. Functional
screening of a cDNA expression library with FN identified
one E. coli clone, C1, containing a ~700-bp insert. After
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SDS-PAGE and blotting of proteins onto nitrocellulose, the
blot of total lysate of recombinant E. coli C1 was incubated
with FN. A FN-binding protein was readily detected with
anti-FN serum (data not shown). No similar reactivity was
seen in control E. coli containing plasmid without insert re-
gardless of blot pretreatment with FN. These results sug-
gested that C1 encoded a FN-binding protein. We then se-
guenced C1 cDNA, which revealed a partial open reading
frame (ORF) of 366 bp, of which 290 bp wasa 3'-UTR fol-
lowed by a poly(A) tail (data not shown). The recombinant
fusion protein was predicted to be ~20-kDa.

As the cDNA lacked a start site, we performed chromo-
some walking using primer flp1-P1 (Figure 1) and the Uni-
versal GenomeWalker™ kit. The gene termed flpl, for rea-
sons described later, consisted of 378 bp encoding a 125
amino acid protein of 14.8 kDa. Interestingly, an additional
partial gene, flp2, was identified (Figure 1). A flp2-specific
primer (flp2-P1) was then used similarly asfor flpl to gener-

ate the compl ete gene. Figures 1 and 2 show the complete se-
guence comparisons between flpl and flp2, which share 67.5
and 70% identity at the nucleotide and amino acid levels, re-
spectively. The flp2 geneis 411 bp and encodes a 136 amino
acid protein of 16 kDa. Both proteins have apl of 6.2 and no
predicted transmembrane domain. A prominent difference
between the two genes and proteins was the presence at the
N-terminus of FLP2 of two repeats, R1 and R2 (Figures 1
and 2) with little homology to FLP1. The flpl gene has one
consensus Inr promoter-like sequence (18), while flp2 pos-
sesses two Inrs, one of which is located after R1 (Figure 1).
The 3" UTR of flpl, but not flp2, contains two AU-rich ele-
ments (ARES) (13) represented by the RNA consensus se-
guences AUUUA and UUAUUUA(U/A)(U/A), which are
known to regulate eukaryotic mRNA stability (25).

Finally, as presented in Figure 3, a BLAST search of the
two protein sequences revealed that both FLP1 and FLP2
share some homology with two discontinuous peptides

flp1-P2
Inr > fipl-P3 g
fbl: —————————————————————————————— tcacttttATGGCGACAGAAGAGACAACATACGACCTTCTTTCAAGACACGAdET 47
R1 L1111 | 1] I FECEEE TEEEEr 1l
flp2: tcattttaATGGCACAGTACCAGGACGAAGTCATTTTAATGGCACAGTACCAGGACGAAGTTACTCTTCTTGCAAGACATGAAAC 77
Inr fip2P1 » Inr R2

flpl:  CATTGCTGAATTCCAAGGCCTTCAGCACATACCATGCAGATTTATGACTTCATTATGCCCAGATCGCTGTGACATGCAACAGATT 132

LECEE 0 TP P 0 PR PRy

FEEE FEEEEErEr e l

flp2:  AATTGCAGAGTTCGAAGGAATACAGCACATTCCATGCAGATTTAGGACTGCTGAATGCCCAGACCGCTGCAATCACGCTACAGAT 162

flp1-P1

flpl:  GTTGCACTTTTCAAGGTTCTCGAATACACAAAATACGAGAAGCCAGGTGAATATGGCGATCCAAAGCATGAAACTATTTATGTCG 217

LECEE PR TEErE PEEEEE e e PR e CEree et e i

flp2:  GTTGCTATTTTCAAAGTTCTTGAATACACAAAGTACGAAAAGCCAGGTGAATATGGTGATCCAAAGCAGGAAAAGATTCGCGTTG 247

flpI:  ATGTTAAGAAGAAAGTTTTCAACCAAGATCCAAAGATTCAGGAATATTGCAAGAC---TTTAGAGGTCGGAAAGAAATATCGTGT 299

AR AR AR AR AR AR ARy

LEETET CEVCEEEEE T TEEEEEEErE 1

flp2:  ATATCAAGAAGCAGATCTTCAACCAAGATCCAAAGATTCAAGAATTCTGCAAGAGCCATTTAGAGGTTGGCAAGAAATATCGCGT 332

flp1-P4/P5

4

]
flpI:  TTGTTATGATCATCTTTACCTCAACAGAAATGGTTCAAGATGGCCAGAGCGCCCATGCACTGAAGTTACACCACTCTAAttcgat 384

NI NI A I

LECE L0 Tt Teeer Perereer 1

fip2: TTGCTACGATCATCTTTATGTTAAACAAAATGGCATGAACAGACCAGAACGTCCAACAACAGAAGTCACACCACTATAAgtattg 417
|

flp2-P2

flpl: attaagttattagtaaaglttatttatatigcaaaatacaaatttttcatagttcaatgtcttctgaaaccgcaaataaatattatt 469
flp2: tcttcatgaataaagaaaatctgtatacaaattaaaataaaatttttttaattacgatgcaataaaacattcctagtaaggaatt 502

fipl:  ccaaapatttattgtaaaaatatcaagctatcgaattcagtatacattgcacgcaataattaatatagtaaaaatctcccttegga 554
flp2: tctgcggaatatttgttaataggttaaatgttatcatattattatcatgggecttttttcaatagaaaaaaacttgagtttcaata 587

flpl: tctatacttgagacatattgtgattatttttagaacg(A),
flp2: ttttcttgaataacaataattttataagtttattgaa

591
624

Figure 1. Complete nucleotide sequences of flpl and flp2. This shows the nucleotide sequence representing the complete transcript of flpl aligned with the
flp2 sequence obtained from genomic DNA. Small cap bold lettering at the 5’ end of each gene represents the T. vaginalis promoter element (Inr). The capi-
talized and bolded flp2 sequence designates the repeated Inr element. The flp1l sequence presented in bold represents the information acquired from the Uni-
versal GenomeWalker™ kit. The small cap sequence at the 3’ end of flpl designates the 3'-UTR and the downstream flp2 sequence from genomic DNA.
Shaded boxes represent the repeats R1 and R2 of flp2. Arrows represent the primers used throughout this study. The boxed sequencesin the 3'-UTR of flpl
represent the AU-rich elements. The stop codons for flpl and flp2 arein bold at positions 376 and 409, respectively.
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FLP1: - MATEETTYDLLSRHEVIAEFQGLQHIPCRFMTSLC 35

e SR e A QAT 45
R1 R2

FLP1: PDRCDHATDVALF KVEN 80

P oAb o o0

FLP1: QDPKIQEYCKT-LEVGKKYRVCYDHLYLNRNGSRWPERPCTEVTPL 125

FPL  ODPRIQRRCRSHLEVGRXYRVCYDRLIVEMHIRITIEVITL 136

Figure 2. Amino acid sequence alignment of FLP1 and FL P2 showing the high degree of identity between the two proteins. Vertical dash (]) represents iden-
tity between two amino acids, and dot (.) designates homologous residues. The repeats R1 and R2 are lightly shaded, whereas the region of homology with FN

isdarkly shaded.

found within the type I11-14 repeat of the heparin-binding
domain at the C-terminus of FN (Figure 3A). Over the 37
residues presented, FLP1 and FLP2 share 51 and 46%, re-
spectively, with that region of FN (Figure 3B).

flpl is single copy and regulated by iron. We next per-
formed Southern analysis on trichomonad genomic DNA
restricted with enzymes that do not cut within the gene. One
predominant band was present in each lane when probed
with %?P-labeled C1 cDNA (Figure 4A). Furthermore, a
membrane containing DNA cut with Hincll from different
T. vaginalis isolates showed a single band in each lane with
only one isolate (T068-11) showing a RFLP (Figure 4B).

(A)

Fibrin
Heparin

N L
b @

(a) Peptide 1
(b)

Gelatin
Collagen

Pepude D3

(B)
FLP1 WwKVLEYT-KYEKPGEY,,
EEERRRAN .
FN 119 RITCY I IKYEKPGS o,
Lo T | .
FLP2 WKVLEYT-KYEKPGEY,

These results suggest that flpl is single copy and present in
all isolates.

Trichomonads were then grown under iron-replete and
iron-depleted medium conditions to determine whether fipl
expression was influenced by iron as shown previously for
other trichomonad genes (9). As seen in Figure 5A, North-
ern analysis on total RNA was performed using 32P-labeled
C1 as probe. Results showed two major bands present under
low-iron conditions, the higher band possibly representing
flp2. The bands on autoradiograms had mobilities as ex-
pected around 400 bp. Further, the overexposure clearly
shows, albeit at an extremely low level, the transcription oc-

Heparin

Fibrin
—

II-14
(b)

{a)

»G-DPKHE-TIYVDVKKy,

25GLEPGTEYTIYVIALK 4

o

#G-DPKQE—KIRVDIKEg

Figure 3. Comparison of FLP1 and FL P2 amino acid sequences with two discontinuous regions of FN. (A) Schematic representation of one subunit of FN with the
type 111-14 repeat and the two peptides with homology to the T. vaginalis FLP1 and FLP2. (B) Amino acid sequence comparisons between FLP1, FLP2, and FN.
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Figure 4. Southern analyses using C1 cDNA as probe. T. vaginalis isolate
TO16-restricted gDNA (A) and Hincll-digested gDNA from five isolates,
AL10, TO16, T048, AL8, and TO68-11 (B) were run on a 0.7% agarose fol-
lowed by transfer to Zetaprobe® membrane prior to probing with 32P-
labeled cDNA C1.

curring within high-iron-grown organisms (lane H). It is
noteworthy that ethidium bromide stained total RNA gels
used in Northern analysis had the two prominent ribosomal
bands in equivalent amounts. These results suggest that flpl
expression is upregulated under iron-restricted growth.

We performed RT-PCR to see whether flp2 was also ex-
pressed under the same low-iron growth conditions. As seen
in Figure 5B, a product was obtained for both flpl (lane 2)
and flp2 (lane 4). Furthermore, the higher migration of the
flp2 PCR product, compared to flpl, suggested that flp2
transcription might start at the Inr preceding R1. Findly, in
data not shown, the adhesin gene ap65-1, previously shown

(A) B)
Kb L H
44- bp
600 -
2.37 - 500 -
400 -
1.35 - 300 -
200 -

— 4
. 100 -

Figure5. flpl and flp2 expression isregulated by iron. (A) Equal amounts (15
) of total RNA of low (L)- and high (H)-iron-grown trichomonad were run
on a0.7% denaturing agarose gel, transferred to a Zetaprobe® membrane and
probed with %2P-labeled cDNA C1. RNA in both the L and H lanes contained
equivalent amounts of total RNA, evidenced by the fact that ethidium bro-
mide-stained patterns of duplicate gels showed identical amounts of the two
prominent ribosomal bands. (B) RT-PCR showing expression of flpl and flp2
under low-iron conditions. Total RNA was reverse-transcribed using AMV
reverse transcriptase and the poly(dT) primer. Control lanes (-) represent reac-
tions where the AMV was omitted. PCR was performed on the resulting
cDNA using flpl (lanes 1 and 2) and flp2 (lanes 3 and 4) specific primers.

to be upregulated by iron (9), was included as an additional
control to confirm upregulation of flpl and flp2 expression
in low-iron growth conditions.

Discussion

In this report, we describe nucleic acid and protein se-
quences for two newly discovered Trichomonas vaginalis
genes, flpl and flp2. Both flpl and flp2 shared homology
with two discontinuous regions of the type I11-14 repeat of
FN (Figure 3). Thisregion of FN has been extensively stud-
ied and found to have multiple functions. For example, one
peptide (Peptide | at 1899-1911) effectively binds heparin
and promotes melanoma cell adhesion and spreading in an
RGD-independent fashion (20). Within Peptide |, thereisan
identical hexapeptide common to both flpl and flp2. An-
other peptide called D5, encompassing a region similar to
Peptide I, inhibited FN binding to heparin (21). Not surpris-
ingly, hydropathy plot analyses of the FN peptide and the
flpl and flp2 fragments (Figure 3B) showed similar pat-
terns, suggesting a commonality in exposed residues. How-
ever, this in itself may be meaningless without additional
structure-function characterization of the trichomonad pro-
teins. It must be further acknowledged that we do not yet
have arole for either flpl or flp2. Nonetheless, their homol-
ogy to FN must be kept in mind during investigations in-
volving cytoadherence and interactions with substrates,
such as ECM FN, a property that has recently been demon-
strated for this protozoan (11).

These FN-like genes possess many features already re-
ported for other T. vaginalis genes. The 5" UTR is short and
consists of a promoter-like initiator element (Inr) (18,19,22).
This element, with the consensus TCA(T/C)T(T/A)(T/
C)TCATTA, serves as arecognition sequence for both tran-
scription and tranglation. It is similar to a motif overlapping
the transcriptional start site of mammalian genes lacking a
typical TATA box (14). Interestingly, flp2 isthefirst T. vag-
inalis gene described to date possessing two potential start
sites. Under the conditions used to perform RT-PCR, tran-
scription of flp2 appears to start at the first Inr (Figure 5B).
However, we cannot rule out transcription from the Inr lo-
cated after R1, as this promoter-like element might function
under environmental conditions other than those examined
in this study. With only one Inr, flpl is unusual for the
length of its 3'-UTR. Although the coding region is only
378 bp, the 3'-UTR is 290 bp, making it the longest known
3'-UTR for any T. vaginalis genes identified to date. The
flpl 3'-UTR aso contains additional regulatory motifs not
found in the downstream sequence of flp2. The AU-rich ele-
ments (ARE) are involved in the regulation of mRNA sta-
bility (13). Depending on the nature of the transcript, thisel-
ement can either increase or decrease the half-life of mMRNA
(15). The presence of two AREs in flpl (AUUUA and
UUAUUUAUA) and two Inr motifs for flp2 suggests
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strongly that differential regulation of expression occurs for
these two genes. Although both are induced under low-iron
growth conditions, it is plausible to hypothesize that the reg-
ulatory elements modulate flpl at the level of transcript sta-
bility and flp2 at the level of transcription.

It is noteworthy that flpl and flp2 are the first low-iron-
regulated trichomonad genes to be reported. Amounts of
transcript were greater in organisms grown in batch culture
in low-iron medium. This is not surprising, because it was
established that both low- and high-iron medium conditions
induce expression of trichomonad immunogens (17). There-
fore, flpl and flp2 represent important genes in the delinea-
tion of low-iron regulatory sequences in the future. Further-
more, we demonstrated by PCR using primers specific for
flp1 and flp2 that similar sequences are present in four other
members of the Trichomonadae family (unpublished obser-
vations). This reinforces the idea that, despite the distinct
niches and host tropisms, evolutionary conservation of these
low-iron-induced genes might reflect a common feature in
the biology of this genus. For example, the resemblance of
FLP1 and FLP2 to the heparin-binding domain of FN may
relate to the colonization of mucosal surfaces by the Tri-
chomonadae. Clearly, more research is needed to delineate
the flp1 and flp2 functions in T. vaginalis as well as in the
other members of this family.

Finally, it is noteworthy that the FN-binding function of
the original recombinant C1 protein labeled flpl resulted
from the amino acids of the expression vector pcDNAII in-
serted by fusion at the EcorRI site of the LacZ gene. Se-
guence analysis revealed that although in frame and produc-
ing a recombinant C-terminal myc-His; tagged fusion
protein with FN-binding function, the clone pFLP1A was
lacking nine bases (ATGGCGACA, data not shown) coding
for the three N-terminal amino acids (M-A-T) of FLPL.
There was instead a 31-bp insertion of the LacZ gene from
pcDNAII located between the vector start site (ATG) and
the flpl sequence. The insertion resulted in the addition of
10 B-gdactosidase residues preceding FLP1. Removal of only
10 B-galactosidase residues at the N-terminal end of C1
abolished FN recognition. These results further demonstrate
the need for caution in isolating putative functional proteins
during screening of expression libraries.
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