studies measuring the amounts of apo A-
1 and apo A-2 present in bile in subjects
without gallstones but whose bile is su-
persaturated with cholesterol, particular-
ly in relation to apo A-1 and apo A-2
serum concentrations from these pa-
tients, are needed. Also, isolation, purifi-
cation, and characterization of biliary
apo A-1 and apo A-2 from these same
patients is needed to understand better
the roles of the apolipoproteins. Evi-
dence for the presence of nucleating fac-
tors in the gallbladder bile of animal
models or patients with cholesterol gall-
stones has been shown (/3). Thus, for-
mation of cholesterol gallstones may rep-
resent a dynamic process reflecting a
balance between nucleating and antinu-
cleating factors in the milieu of bile su-
persaturated in cholesterol. Whenever
an isolated protein is recombined with
lipid in vitro, it may not be as effective as
would be the case in its normal in vivo
state. Nevertheless, the magnitude of the
prolongation of nucleation time (that is,
only a twofold increase) observed in
vitro in our study may not be sufficient to
prevent gallstone formation in all suscep-
tible patients. Finally, we speculate that
a quantitative or qualitative (that is,
functional) deficiency in the effector pro-
teins capable of inhibition of nucleation,
such as apo A-1 and apo A-2, may con-
stitute a second important risk factor for
cholesterol cholelithiasis in addition to
supersaturation of bile in cholesterol.
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Nucleotide Sequence of a Human Blym Transformirig Gene

Activated in a Burkitt’s Lymphoma

Abstract. The nucleotide sequence of a human Blym-1 transforming gene activat-
ed in a Burkitt’s lymphoma cell line was determined. This sequence predicts a small
protein of 58 amino acids that is 33 percent identical to the predicted product of
chicken Blym-1, the activated transforming gene of chicken B cell lymphomas. Both
the human and chicken Blym-1 genes exhibit significant identity to an amino-

terminal region of transferrins.

The Blym-1 transforming gene was
first isolated by transfection of NIH 3T3
cells with DNA of chicken B cell lym-
phomas (/, 2). The nucleotide sequence
of chicken Blym-1 indicated that it en-
coded a small protein of 65 amino acids
that was partially identical to the amino-
terminal region of transferrin family pro-
teins (2). The cloned chicken Blym-1
gene hybridized to a small family of
sequences in DNA’s of both chicken and
human cells, suggesting that it was a
member of a small gene family that was
conserved in vertebrate evolution (2).
Subsequently, a biologically active
transforming gene detected by transfec-
tion of DNA’s of six Burkitt’s lymphoma
cell lines was isolated with the use of
chicken Blym-1 as a hybridization probe,
indicating that the transforming gene ac-
tivated in these human B cell neoplasms
was a member of the gene family defined
by hybridization to chicken Blym-1 (3).
We now present the complete nucleotide
sequence of the transforming gene (des-
ignated human Blym-1) isolated from one
of these Burkitt’s lymphoma cell lines
and describe its relationship to chicken
Blym-1 and to transferrin.

Earlier we showed that the entire bio-
logically active human Blym-1 gene was
contained within a 1.0-kilobase (kb)
Eco RI fragment (3). This fragment was
therefore subcloned into the Eco RI site

of pBR322 for sequence analysis. The
resulting plasmid, pHuBlym-1, induced
transformation of NIH 3T3 cells with an
efficiency of approximately 4.5 x 10°
foci per microgram of DNA. For se-
quencing by the method of Maxam and
Gilbert (4) (Fig. 1), pHuBlym-1 was di-
gested with Eco RI, Pst I, or Ava I, la-
beled at either the 5’ or 3’ end with %P,
digested with an appropriate second re-
striction enzyme, and purified by gel
electrophoresis. For sequencing by the
dideoxy chain-termination procedure (5)
(Fig. 1), the 1.0-kb Eco RI fragment was
isolated and digested with Pst I, and the
resulting Eco RI-Pst I fragments were
inserted in both possible orientations
into the M13 bacteriophage vectors mp8
and mp9 (6). Most of the sequence was
determined from both strands. In addi-
tion, all of the sequence except for 33
nucleotides (positions 265 to 297) was
determined from two independent
clones.

The nucleotide sequence of the 1.0-kb
Eco RI fragment containing human
Blym-1 (Fig. 1) confirms the positions of
the Pst I and Ava I restriction enzyme
sites, which we had previously mapped
within this region. However the nucleo-
tide sequence did not identify a Bam HI
site, which was mapped in the initial \
clone of human Blym-1 approximately
200 nucleotides from the left-hand
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Eco RI site (3). Consistent with this re-
sult, digestion of pHuBlym-1 with
Bam HI revealed that the cleavage site
previously mapped in the insert was di-
gested less efficiently than the Bam HI
site in plasmid DNA. Complete digestion
of the Bam HI site in the insert required
an excess of enzyme, similar to the con-
ditions previously employed for diges-
tion of the A clone. These results indicate
that the Bam HI site mapped within the
human Blym-1 gene represents a se-
quence that is not a complete Bam HI
recognition site but is cleaved by
Bam HI under conditions of enzyme ex-
cess. One possibility for such a site is the
sequence GGATCAC at position 460 (G,
guanine; A, adenine; T, thymine; C, cy-
tosine), which is similar but not identical
to the canonical Bam HI recognition site
(GGATCCQ).

The sequence presented in Fig. 1 was
analyzed for signals characteristic of eu-
karyotic transcription initiation and ter-
mination to identify the human Blym-1
transcription unit. A single polyadenyla-
tion sequence (AATAAA) (7) is present
at position 700, indicating the 3' terminus
of the human Blym-1 messenger RNA
(mRNA). 5’ of the polyadenylation sig-
nal, sequences associated with eukaryot-
ic promoters (8) can be identified: the
sequence CCAT which occurs both at
positions 8 and 20, and the sequence
AATATTTATA at position 63. If these
sequences define the promoter of human
Blym-1, transcription would be expected
to initiate approximately 25 nucleotides
downstream from the TATA box,
around position 90. The first ATG trans-
lation start codon would then be at posi-
tion 107. This reading frame is interrupt-
ed at position 164 by the TAA stop
codon, suggesting that the consensus
splice donor sequence (9) AG/GT at po-
sitions 155 to 158 serves as a probable 5'-
splice site. A consensus splice acceptor
sequence (9), CAG/, which is present in
a large open reading frame at positions
532 to 534, could then serve as the 3'-
splice recipient site. If these signals are
utilized, translation of a mature, spliced
mRNA would begin at the ATG se-
quence at position 107 and terminate at
the TGA stop codon at position 659,
Northern blot analysis with a human
Blym-1 probe has identified a polyadeny-
lated RNA of approximately 500 nucleo-
tides in Burkitt’s lymphoma cell lines
(data not shown), consistent with the
size of the polyadenylated mRNA pre-
dicted by the sequence. The predicted
translation product of this mRNA is a
small protein of 58 amino acids (Fig. 1).

Blot hybridization experiments indi-
cated that pHuBlym-1 hybridized to re-
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peated elements present in the human
genome, although a unique cellular se-
quence could be detected under highly
stringent hybridization conditions (3).
We therefore scanned the human Blym-1
sequence for known repetitive elements.
This revealed a region of 51 nucleotides
within the intron of human Blym-1 (posi-
tions 266 to 313), which showed 88 per-
cent identity to the consensus sequence
of the Alu family of moderately repeated
sequences (/0).

The predicted amino acid sequence of
the Blym-1 gene product (58 amino acids)
is similar in size to that of chicken Blym-
1 (65 amino acids). In addition, both
genes are 600 to 700 nucleotides in length
and are interrupted by a single interven-
ing sequence separating a small first
exon from a larger second exon. The
deduced amino acid sequence of human
Blym-1, like that of chicken Blym-1, is
rich in lysine and arginine (21 percent for
both proteins). When the predicted ami-

|100 bDI

P A E
L | 1 |
- — e ---4---> F >
pome— t -t { - 4
- - - - - 1

10 20 30

40 50 60 70

GAATTCACCA TTOCAGATAC CATTAAGAAC ATTCATGATT TATGGAAGGA GGTCAAAACA TGAATATTTA

80 90 100

121

TAGGAGTTTT GAAAAAGTTG ATTACAACCC TCATAG ATG ACT TTG AGG GGT TTA AGA CTT
—

136 151

MET Thr Leu Arg Gly Leu Arg Leu

i 164 174 184 194
CAG TGG AGG AAA CAA CTG AAG ATG T AACAGATCAT AGAATGAGAA GOOCTOCTAG

Gln Trp Arg Lys Gln Leu Lys MET Ar

204 214 224 234 244 254 264
GGATAATTAT TATTCACATG ATTGCTTTTC AGATAAACCA ACACTAATGT TTTTTAAAAG TGAGTTAGGT
274 284 294 304 314 324 334

TGCTGGGTGG TGGCTCACGC TGTAATCCTA GCACTGTGGG AGGCTGAGGC AGGAGGATTG CTTGAACCAA

344 354 364 374 384 394 404
GOTATTCAAG AAGAGCATGG GCAACATGAT GAGAOCCTCG TCTCTACCAA AAATTTAAAA ATTAGCTGGG

414 424 434 444 454 464 474
CAGGGCATGA TGATGCACAT OCCTAATOCC AGCTACTTGA GGGCTTGAGG TGGCAGGATC ACTTGAACCT

484 494 504 514 524 s34,
AGGAACATTG AGGCTGCAGT GAGCTATGAT CTTGOCACTG CACTCCATAC TGCATGACAG A GCA
9 Ala

550 565 580
AGA OOC TGT CTC TTA GAA AAA AGA AAA AAA ATA GTG AGC TAC ATT TCT TTC CTT
Arg Pro Cys Leu Leu Glu Lys Arg Lys Lys Ile Val Ser Tyr Ile Scr Phe Leu

595 610 625 640
CTC AGT GAC CTG AAG GGT ACT CTA GCT ATT GAC AGT CTT TAC TCT CTT CAG TTT
Leu Ser Asp Leu Lys Gly Thr Leu Ala Ile Asp Ser Leu Tyr Ser Leu Gln Phe

655 671 681 691 701 71)
GCT GGA GGT AAC TGA TTTCATTCAG TTOCTAATAC CATATAAATT ATAGTTTCAA TAAAAATTAA
Ala Gly Gly Asn

721 731 741 751 761 771 781
TTOOCATOCC TGAGGAGTGC TTACCTACTC GOGTACTATT TTTTTTTTTA TACAAGTGTG TGAGTTCTTC
791 801 811 821 831 841 851

OOCTTTAAGA TTTTTCATAG GGGCAGCATT OOCTAAAAGT AAGGAATTTT CAGGCAAGTG GGTATGAGTT

861 871 881 891 901 911 921
GAACTCTCAT TTTACTATTT CAAACTGAAT GAGAGTAAGC CAGCAATTCA GGTTTTTTTC ATCAAGACAA

931 941 951 961 97] 981 Q9]
TAGAAAGAAT TTTACCTTTC TTACAGAAAC TGGTTATGTT TAATTACATA TCATGTGTAA AGAAATTGTC

1001
AAGTAGOGAA TTC

Fig. 1. Human Blym-1 nucleotide sequence, (Top) Restriction map and sequencing strategy of
the cellular insert of pHuBlym-1 showing the positions of cleavage sites for the restriction
enzymes Eco RI (E), Pst I (P), and Ava I (A). Beneath the map, the extent of sequencing and
the polarity of the strand sequenced are indicated by arrows. Solid arrows indicate sequencing
by the Maxam and Gilbert method (4), and dashed arrows indicate sequencing by the dideoxy
chain-termination method (5). (Bottom) The nucleotide sequence with the predicted amino acid
sequence below it. Sequences associated with promoters and polyadenylation signals are
underlined. Arrows indicate the positions of putative splice sites.
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no acid sequences of both proteins were
aligned (Fig. 2), 17 identities were ob-
served among 52 aligned amino acids (33
percent overall identity). The two pro-
teins are related (P < 0.005) /1), al-
though significant divergence between
the sequences has occurred.

The chicken and human Blym-1 genes

Hu Biym=-1 WR---K|QILIK M
Ch Blym=-1 ATIPS TNY
Transferrin N VPDIKITV - -
Ovotransferrin N APPIKISVI -
Lactoferrin N GRRRRSV -~ -
p97N GMEV - -
Transferrin C NE CP V- -
Ovotransferrin C PRENRI - -

Lactoferrin C ARRAR-VYV -

e

Leu
ile

Leu {Ser|Asp
Asn Ser| Ala

ys

Pro Ser |Lys

ST Fig. 2. Comparison of the
12 *l translated amino acid se-
His [Glu Lys

quences of human (Hu) and
chicken (Ch) Blym-1. Amino
acids common to both se-
quences are boxed. Dashes in-
dicate gaps introduced to max-

Ser [Leu GIn imize the alignment. Vertical

Lys |Leu Gin lines indicate the position of
the splice sites.

Glu Ser

exhibited 50 to 60 percent nucleotide
sequence identity overall, with several
short regions of 15 to 25 nucleotides
exhibiting 70 to 75 percent identity. This
degree of nucleotide similarity is consist-
ent with the observed amino acid se-
quence relationship and with the previ-
ous observation that cross hybridization

of the two genes was weak and required
low stringency conditions for detection
3.

Chicken Blym-1 does hybridize more
strongly to other sequences in human
DNA (2). If these more strongly hybrid-
izing sequences represent functional
genes, human Blym-1 would be implicat-
ed as a member of the Blym family that is
relatively divergent from chicken Blym-
1.

The chicken Blym-1 gene product was
reported as showing a significant rela-
tionship to the amino-terminal region of
the transferrin family of proteins (2).
Transferrins have evolved by gene dupli-
cation, resulting in related amino- and
carboxyl-terminal halves (/2). The ami-
no acid sequence of the second exon of
chicken Blym-1 is related to an amino-
terminal region within each half (2). This
feature is also shared by human Blym-1.
The equivalent amino acid sequence of

RIA[RlP c L L -[exrk|k 1 v[sy|i{s]FLifsot]ckaruia-|ijoscvs[ia]racfen
RuENOSlHEﬂ?KFT-EﬂJJ-MNSﬂL--QM(- - - Mo kL QlnkE|d|x
RlwcAvSEHEATIKICO-[S|FROHMK|SIVI--PSD-G--PSVACVKKAS
EHCTISSPEEKKCN-NLRDLTQQER-—ISL-T ------ CVQKAT
QWCAVSQP|E[AT|K|CF-QWQ[S|NAVRRM - -RKVRG--PPVSCIKRDS
(R]w c A TsDx|E

RIWCALSHHERLIKICN-EMSVSDVEKRT-wwmnnnnooo o CVSAET
QWCAVGKDEKSKCD-RNSVVSNG@V ------------- CTVVDE
~WCAVGEOJE[LJRK|CN-QUWSGLSQESV - - onmmoan - CWSAST

ol

Fig. 3. Homology of the hu-
man and chicken Blym-1
proteins to the amino-termi-
nal region of transferrins.
(Top) Amino acids common
to human Blym-1 and either

(=N N A

Qo N s O

1]
V PDKTV --- RWCAVSEHE AT KCQ-SFRDHMKSVI - -PS D-G--PSVACVKKASY

Transferrin N

n&fq Mﬂm—q

chicken Blym-1 or at least
one member of the transfer-
rin family are enclosed in
boxes. Included in this com-
parison are the related ami-
no-terminal regions of both
the amino (N)- and carboxyl
(C)-terminal halves of hu-
man transferrin, chicken

1l

S N e O

ATIPSKTLNYHRWRNQSIHEKTKFT-Q YLS -MNSAL --QMI-1--MGKLQHKEGK

Ch Blym-1

O n M

ovotransferrin, lactoferrin
(12), and the amino-terminal
region of p97 (13). (Bottom)
The predicted amino acid se-
quences of human Blym-1,
chicken Blym-1, and human
transferrin (N) are individ-
ually compared to the corre-
sponding regions of the ami-
no-terminal halves of ovo-

WR--- KQLKM- RARPCLL-EKRKKIVSYISFLLSDLKGTLA-TDSLYSLQFAGGN

Hu Blym=-1

transferrin, lactoferrin, and
p97 and the carboxyl-termi-
nal halves of human transfer-

rin, ovotransferrin, and lactoferrin. Below the horizontal axis are the amino acid sequences of human Blym-1, chicken Blym-1, and human
transferrin. Above each amino acid, the height of the graph indicates how many of the six transferrin family sequences have the same amino acid
at that position. A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L,
leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine.
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human Blym-1 was compared to the ami-
ng-terminal regions of both the amino-
and carboxyl-terminal halves of human
transferrin, ovotransferrin, and lactofer-
rin (12) and to the amino-terminal region
of p97, a melanoma surface antigen that
is also a member of the transferrin family
(13) (Fig. 3). The alignment of chicken
Blym-1 with these transferrin sequences
was the same as that previously reported
(2). The alignment of human Blym-1 was
fixed by its alignment with chicken
Blym-1 (Fig. 2). Human Blym-1, like
chicken Blym-1, is related to these ami-
no-terminal transferrin sequences. Sig-
nificantly, those residues that are con-
served between the human and chicken
Blym-1 genes tend to be conserved
among the transferrins as well. If the
amino acid sequence of human Blym-1 is
compared to the amino-terminal region
of human transferrin, there are six iden-
tities of 39 aligned amino acids
(P < 0.005) (11). Of these six residues,
five are also conserved in chicken Blym-
1. This analysis can be extended to in-
clude the other transferrin family se-
quences. This reveals ten residues of
human Blym-1 that are conserved in at
least one of the transferrin sequences.
Seven of these ten amino acids are also
conserved between human and chicken
Blym-1.

Human transferrin and both Blym-1
genes display a common pattern of se-
quence conservation and divergence,
with this pattern being somewhat stron-
ger for chicken than for human Blym-1
(Fig. 3). For example, the similarity of
both Blym-1 genes and of human trans-
ferrin to other transferrin family se-
quences is highly conserved in the 5’ half
of the indicated sequence but divergent
in the 3’ half. Such divergent genes as
chicken and human Blym-1 are unlikely
to have maintained this relationship to
transferrin by chance. Rather, the con-
served similarity of both Blym-1 gene
products to transferrin suggests that this
relationship reflects some functional
property of the Blym-1 transforming pro-
teins.

Transferrins are a family of large, iron-
binding proteins that are essential
growth factors for cultured cells (/14). A
correlation exists between the appear-
ance of transferrin receptors and cell
proliferation, suggesting that transferrins
may play a role in cell growth (/5). In
support of this concept, it has been
shown that transferrin can serve as a
lymphocyte mitogen and that blockage
of the transferrin receptor with monoclo-
nal antibodies can inhibit cell prolifera-
tion even if iron is supplied by alternate
mechanisms (/6). Furthermore, p21, the
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product of the ras transforming gene, has
been shown to form a stable complex
with the transferrin receptor, suggesting
that p21 may exert its effect on cell
proliferation in conjunction with trans-
ferrin and its surface receptor (/7). The
observed structural relationship between
the Blym-1 genes and transferrins thus
suggests that the Blym-1 transforming
gene products may also function via a
pathway related to transferrin.
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Dana-Farber Cancer Institute and
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Variation Among Floral Visitors in Pollination Ability:

A Precondition for Mutualism Specialization

Abstract. The unusual floral biology of a neotropical herb provided an opportunity
to determine that floral visitors varied significantly in their ability to effect fruit-set.
Pollination efficiency and visitation frequency varied among Hymenoptera (five
taxa), which were responsible for 99 percent of all fruits set. Lepidoptera (four taxa)
were common visitors but poor pollinators. These results indicate that flower visitors
vary in their beneficial effects on plants, fulfilling one of the primary conditions
required for the specialization of plants on pollinators.

Despite their ubiquity, mutualisms are
perhaps the most poorly understood of
all ecological interactions (I, 2). Ques-
tions of general interest, for which there
is little empirical information, include
whether potential mutualists vary in
quality and what features promote spe-
cialization in mutualisms (2—). We re-
port that the visitors to flowers of Cala-
thea ovandensis (Marantaceae), a neo-
tropical herb, vary significantly in visita-
tion frequency and their ability to effect
fruit-set, two components of pollination
efficiency. These results show that the
selective effects of potential pollinators
on plants can be highly variable, fulfilling
one of the primary conditions required

for the evolutionary specialization of
mutualisms.

The principle of ‘‘the most effective
pollinator”’ is central to discussions of
plant-pollinator evolution (3, 5), but no
other study has used seed set as a mea-
sure of pollinator efficiency in addition to
examining the full range of floral visitors
in a natural community (6-8). Such an
approach is necessary for two reasons:
(i) seed set is a direct measure of repro-
ductive success; and (ii) assessment of
the relative contribution of each visitor
to plant reproductive success requires
sampling the entire visitor fauna. Sam-
pling only the most abundant visitors
may be misleading if pollination efficien-
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