surface chemical conditions conducive
to specific associations with bacteria.
Chemical gradient formation and patchi-
ness near surfaces promote the establish-
ment of physiologically diverse epi-
phytes, including pseudomonads, whose
individual metabolic characteristics lead
to enhancement of a localized metabolic
process (N, fixation) in host cyanobac-
teria. Parallel associations between veg-
etative cells and bacterial populations
may specifically serve to enhance photo-
synthetic production by recycling CO,
and inorganic nutrients (/7).

Although chemotaxis has been shown
to play a role in promoting diverse aquat-
ic algal-bacterial associations, this pro-
cess may also be instrumental in estab-
lishing specific abiotic particle-bacterial
interactions in marine and freshwater
habitats. Both habitats represent very
dilute pools of dissolved energetic and
nutritional growth substrates, but such
substrates are known to be concentrated
on particle surfaces (12). The ability to
chemotactically sense and seek nutrient-
enriched surfaces would offer a distinct
advantage under nutrient-limited condi-
tions. Chemotaxis also complements
other means of initiating bacterial attach-
ment, including electrostatic forces, ran-
dom encounters, and mutual accumula-
tion of particles and bacteria along verti-
cal density gradients in the water col-
umn. However, in contrast to these
mechanisms, chemotaxis offers selectiv-
ity based on biologically active mole-
cules released (by diffusion or excretion)
from particle surfaces. A great deal of
variability in types and magnitudes of
microbial colonization has been reported
among diverse suspended particles (12,
13). Such variability may in part be due
to diverse chemotactic agents character-
izing the spectrum of biotic and abiotic
surfaces present in natural waters.

Hans W. PAERL
KATHLEEN K. GALLUCCI
Institute of Marine Sciences,
University of North Carolina,
Morehead City 28557
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A Hydrophobic Transmembrane Segment at the

Carboxyl Terminus of Thy-1

Abstract. The mode of integration of the glycoprotein thy-1 within the
membrane has been controversial due to an apparent lack of a transmembr
hydrophobic segment. Rat and mouse complementary DNA and genomic clc
encoding the thy-1 molecule have been isolated and sequenced. These studies
enabled us to determine the intron-exon organization of the thy-1 gene. Furtherm
they have revealed the existence of a sequence which would encode an extra segn
(31 amino acids) at the carboxyl terminus of the thy-1 molecule. These extra an
acids include a 20-amino acid hydrophobic segment which may be responsible
integration of thy-1 within the plasma membrane.

Thy-1 is a membrane glycoprotein
found predominantly on the cell surface
of thymocytes and brain cells (I, 2).
Originally identified in mice, proteins
similar to thy-1 are present in many
species (3—6) although the distribution of
thy-1 among hematopoietic cells seems
to vary (7, 8). Thy-1 proteins isolated
from rat and mouse brains have been
sequenced and consist of a protein moi-

The nucleotide se- !

ety of 111 and 112 amino acids, res
tively (9, 10). These sequences v
lacking a hydrophobic segment, whi
necessary for integration of thy-1 wi
the lipid bilayer of the membrane. '
has prompted speculation that thy-
covalently linked to some hydroph
component such as glycolipid which

chors the thy-1 molecule to the m

brane. The DNA sequence analyses

: 10
ig. 1.
Fg 1 £ th DNA i £ Gln Arg Val Ile Ser Leu Thr Ala Cys Leu Val Asn Gln As:
ql;]eml:leol tlgl\‘I:A ; mser;gG A CAG AGG GTG ATC AGC CTG ACA GCC TGC CTG GTG AAC CAG AA/
the thy-1 ¢ clone p
and the predicted amino acid Arg Leu Asp C Aig His Glu Asn Asn Thr Asn Leu Pro Il cf
. rg Leu Asp Cys is n sn Leu Pro Ile
f}t;:qulencet.of theT;"mgl;{Z ra} CGA CTG GAC TGC CGT CAT GAG AAT AAC ACC AAC TTG CCC ATC CAi
y-1 antigen. e o
pT86 was cleaved with restric- 6lu Phe Ser Leu Thr Are Glu L L‘JO Lvs His Val Leu Ser GL
M u e oSer Leu r Arg u Lys ys ys 1s a eu- ser
tion endonucleases (BR.L) and GAG TTC AGC CTG ACC CGA GAG AAG AAG AAG CAC GTG CTG TCA GG
fragments corresponding to
the insert were purified by 50 60
lyacrylamid el e - Leu Gly Val Pro Glu His Thr Tyr Arg Ser Arg Val Asn Leu Ph
ggo};eii: an deelgctroeizfit;g CTG GGG GTT CCC GAG CAC ACT TAC CGC TCC CGC GTC AAC CTT TT
Purified fragments were treat- 70
it 3 H i Asp Arg Phe Ile Lys Val Leu Thr Leu Ala Asn Phe Thr Thr Ly
w
;gos;:}l:af:;g '?é?;g;?;;;l:)ahﬁf GAC CGC TTT ATC AAG GTC CTT ACT CTA GCC AAC TTC ACC ACC AA
) - Ava II
beled at both 5’ ends with T4
polynucleotide kinase plus [v- Gzlao Gly Asp Tyr Met Cys Glu Leu Arg Val s90 Gly Gln Asn P
32 u P Y eu Arg Va er y n Asn Pr
IEA?;P (tl 1), and c:eavegfsec- GAG GGC GAC TAC ATG TGT GAA CTT CGA GTC_TCG GGC CAG AAT CC
ondarily to generate subfrag- Ava 1
ments with only one labeled 100 "
epd' The restriction enzyme Ser Ser Asn Lys Thr Ile Asn Val Ile Arg Asp Lys Leu Val Ly
sites shown and both PstI GC_TCC AAT AAA ACT ATC AAT GIG_ATC AGA GAC AAG CTG GTC AA
sites are those that were la- lu I Sau ITTA
beled at the 5’ end. The sub- 120
fragments were separated‘ by Gly Gly Ile Ser Leu Leu Val Gln Asn Thr Ser Trp Leu Leu Le
acrylamide gel electrophore-  GGT GGC ATA AGC CTG CTG GTT CAA AAC ACT TCC IGG _CTG CTG CT
sis, electroeluted, and subject- 130 10
C‘d to partial chemical d.egrada- Leu Leu Ser Leu Ser Phe Leu Gln Ala Thr Asp Phe Ile Ser Le
tion sequence analysis (/5). TG_CTT TCC CTC TCC TTC CTC CAA ACG_GAC TTC ATT TCT CT

Both strands of the insert
cDNA were sequenced. The
hydrophobic 20-amino acid
segment is underlined and the
termination codon is indicated

by an asterisk. ATGG

CTGGTTGGGC CC AAGGAGAA ACAGGAAACC TCAAGGTCTG CTGAAGAGGT CT
Sau 961

TC CCGGTCAGCT GACTCCCTCC CCAAGACCTT CAAATATCTC AAAACGCGGG
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ported here have revealed a hydrophobic
region (amino acids 124 to 143) which
probably represents the transmembrane
segment responsible for anchoring thy-1
to the cell.

We previously isolated a rat comple-
mentary DNA (cDNA) clone, pT64,
which encodes part of the thy-1 molecule
(11). Analysis of this clone allowed us to
define a signal peptide of 19 amino acids
as well as part of the 5’ untranslated
region of thy-1. Unfortunately, this clone
terminated prematurely at amino acid
103 which prevented us from defining the
carboxyl end of the molecule. After
screening a second rat thymocyte cDNA
library using the entire Pst I insert of
pT64 as a probe, we obtained an addi-
tional thy-1 cDNA clone, pT86. The se-
quence of the insert from this clone (Fig.
1) started at amino acid 1 and was in
agreement with the DNA sequence of
pT64. Furthermore, it encoded the entire
sequence of 111 amino acids of the thy-1
molecule which was previously obtained

-19

by conventional protein’ sequencing
methods. The reading frame encoding
this sequence continued on for an addi-
tional 31 amino acids before a termina-
tion codon, TGA (T, thymine; G, gua-
nine; A, adenine), was encountered.
This codon was followed by a 3’ untrans-
lated region of 119 nucleotides before the
deoxyguanylate-deoxycytidylate  (dG-
dC) homopolymeric tail was observed.
Within these 31 amino acids there was an
extremely hydrophobic stretch of 20
amino acids (including six consecutive
leucine residues), which strongly resem-
bled the transmembrane segments found
in other membrane proteins. In order to
determine whether these extra 31 amino
acids were also present in the normal
thy-1 gene, rat and mouse genomic li-
braries were screened with the thy-1
c¢DNA clone, and positive clones were
analyzed in terms of restriction enzyme
digestion products and DNA sequence.
The coding sequence of the mouse thy-1
gene (Fig. 2) was distributed among

-8

three exons; the first one shown (actual-
ly the second exon of the gene since an
intron is present within the 5’ untranslat-
ed part of the gene) encodéd part of the
5’ untranslated region and the first 12
amino acids of the signal peptide. This
was followed by an intron of 590 nucleo-
tides and then by another exon encod-
ing the remainder of the signal peptide
and amino acids 1 to 106 of the mature
thy-1 protein. After this exon, there was
an additional intron of 386 nucleotides
and an additional exon encoding amino
acids 107 to 143 plus the termination
codon, TGA. A polyadenylation signal,
AATAAA, is located 1110 nucleotides
downstream from the termination codon.
The organization of the rat thy-1 gene is
like that of the mouse gene, including the
presence of an extra 31 amino acids in
the third coding exon (/2).
Hybridization analyses of rat and
mouse DNA and RNA ruled out the
possibility of a second thy-1 gene encod-
ing a molecule of 112 amino acids or,

Met Asn Pro Ala Ile Ser Val Ala Leu Leu Leu Ser V .
AGCTTTCCCCACCACAGAATCCAAGTCGGAACTCTTGGCACC ATG AAC CCA GCC ATC AGC GTC GCT CTC CTG CTC TCA G GTACTGGGCAAGGGTCAGGGC

TGGCATTCTAAGGAATCTGGCTTCCTCCCATCCCGGGAAGTAGCCTCTTTGCCATAGTCTCAGGGGCACAGGTGGTTGGGAGGTGCGGGGGTGGGGAGTGGGGAGGAGCCTCAA
CCTCACCAGTGGTGGTCTTTGACATATTAGAAACTCCATAATGGATCTAGGAACTCCTCTGCTGGGTGGTGGTGGTTGTGGTACACACCTTTAATCTCAGCACTCAGGAGGCAG
AGTCAGGTGGATCTGTTAGTCTGAAGCCAGCTGGTCTACAGAGCAAATTCCAGGACAGCCAGAGCTATTCTCAAGATAGAGAATCCCTTTCTTGAAAAAACCATTTAAAAACAA
AAACAAAAGCAACACACTCCTTTGATCTCCTGTTCTTGAAACACATTGTTGGGACCCAGAACTTCAGTAGATTGATGGAAGTTGGAGTCTGCAAGTGGTGGAACATCCCACCAA
TACCTCAAGGGCGAGTGCAAACCCCACATCCCCCCAGCTCAAGCTCACTTTTCCTGCAGGTGGGAGGCCCGGGTCTGTGTCTCCCCAAATTCAGAGAAGGCACTGCTGTGCAG
-7 -1

al Leu Gln Val Ser Arg Gly Gln Lys Val Thr Ser Leu Thr Ala Cys Leu Val Asn Gln Asn Leu Arg Leu Asp Cys Arg His Glu
TC TTG CAG GTG TCC CGA GGG CAG AAG GTG ACC AGC CTG ACA GCC TGC CTG GTG AAC CAA AAC CTT CGC CTG GAC TGC CGC CAT GAG

Thr
ACC

Glu Phe
GAG TTC

Glu
GAG

Ser Ile Gln
TCC ATC CAG

Leu Thr
CTG ACC

Val Leu
GTG CTC

His
CAC

Ser
AGC

His
CAT

Asn Asn
AAT AAC

Lys Asp
AAG GAT

Lys Arg
AAG AGG

Ser Gly
TCA GGC

Thr Leu Gly Ile
ACC CTT GGG ATA

Asn
AAC

Arg
CGA

Lys
AAG

Pro Glu
CCC GAG

His
CAC

Thr Tyr
ACG TAC

Thr
ACC

Asn Phe
AAC TTC

Gln Pro
CAG CCC

Ile
ATC

Thr
ACC

Leu Ala
CTA GCC

Leu
CTT

Asn
AAC

Leu Ser
CTC TCC

Tyr
TAT

Lys Val
AAG GTC

Thr Thr Lys Asp
ACC ACC AAG GAT

Arg
CGC

Ser Arg Val
TCC CGC GTC

106
Arg A .
AGA G GTGAGACT

Glu Gly
GAG GGC

Met
ATG

Ile Ser
ATC AGT

Val Tyr
GTG TAT

Ser
AGT

Ser Asn
TCC AAT

Asp
GAC

Tyr Phe
TAC TTT

Glu Leu Gln
GAG CTT CAA

Val
GTC

Ala
GCG

Ser
AGC

Asn Pro
AAT CCC

Cys
TGT

Ser Gly
TCG GGC

Lys
AAA

GGTTCCCAGAAAGATAAAATGTCTAGGTTAGCTAGGCTGGGGTAGCCAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAACAGGCACCTCCATTACCCTTCCCCTAACTGCTGGT
CTCCTGGGAAACTGCTGCTGTCTATGTGAGTGGGGCAAGATTAGGGGCCAGAAAGGGGGAGCTTGTAGTAAAAGCACAGTTGAGGAAACTAAATGGdAAAGGCAGTACAGTGGT
GATTCTTGTGGTGTGGAGGTTCTGTTACAGCATCCGGTGGAGCCGCTAAGATGAGAAAGCGCCAGCTAGCTGCCTTGAACAGCTGACACCTGTCTTTGCCCGCCTGAGTCCTGA
107 12
sp Lys Leu Val Lys Cys Gly Gly Ile Ser Leu Leu Val Gln Asn Thr Ser Trp Met Leu
TCTCCCCTCCTCCCGGCACCCCTTCTCTATCCACAG AC AAG CTG GTC AAG TGT GGC GGC ATA AGC CTG CTG GTT CAG AAC ACA TCC TGG ATG CTG
. 143
Leu Leu Leu Leu Ser Leu Ser Leu Leu Gln Ala Leu Asp Phe Ile Ser Leu *
CTG CTG CTG CTT TCC CTC TCC CTC CTC CAA GCC CTG GAC TTC ATT TCT CTG TGA CTGGTTGGGCCCAAGGAGAAACAGGGGCCCTCGAGGAGCCCC
TCGGGTCCTTCCTCTGCAGAGGTCTTGCTTCTCCCGGTCAGCTGACTCCCTCCCCAAGTCCTTCCAATATCTCAGAACATGGGGAGAAACGGGGACCTTGTCCCTCCTAAGGAA
CCCCAGTGCTGCATGCCATCATCCCCCCCACCCTCGCCCCCACCCCCGCCACTTCTCCCTCCATGCATACCACTAGCTGTCATTTTGTACTCTGTATTTATTCTAGGGCTGCTT
CTGATTATTTAGTTTGTTCTTTCCCTGGAGACCTGTTAGAACATAAGGGCGTATGGTGGGTAGGGGAGGCAGGATATCAGTCCCTGGGGCGAGTTCCTCCCTGCCAAGGAAGCC
AGATGCCTGAAAGAGATATGGATGAGGGAAGTTGGACTGTGCCTGTACCTGGTACAGT CATACTCTGTGGGGAATCATCGGGGAGGGGGGGGGGGCTCAAGATGGGAGAGCTCT
GCTAGCCTTTGTGGACCATCCAATGAGGATGAGGGCTTAGATTCTACCAGGTCATTCTCAGCCACCACACACAAGCGCTCTGCCATCACTGAAGAAGCCCCCTAGCGCCTTGGG
CCAGGGCACACTCAGTAAAGATGCAGGTTCAGTCAGGGAATGATGGGGAAAGGGGTAGGAGGTGGGGGAGGGATCACCCCCTCCTCTAAAACACGAGCCTGCTGTCTCCAAAGG
CCTCTGCCTGTAGTGAGGGTGGCAGAAGAAGACAAGGAGCCAGAACTCTGACTCCAGGATCTAAGTCCGTGCAGGAAGGGGATCCTAGAACCATCCGGTTGGACCCAGCTTACC
AAGGGAGAGCCTTTATTCTTCTTTCCCTCTGCCCCTCTGTGCCAGCCCCTCTTGCTGTCCCTGATCCCCAGACAGACGAGAGTCTTGCAAACAGCCTGTTCCAAGACCTCCTAA

TCTCAGGGGCAGGCGGTGGAGCTGAGATCCGGCGTGCACACTTTTTGGTTGATAGCTTTCCCAAGGATCCTCTCCCCCACTGGCAGCTCTGCCTGTCCCATCACCATGTATAAT

ACCACCACTGCTACAGCATCTCACCGAGGAAAGAAAAATGCACAATAAAACCAAGCCTCTGGAGTGTGTCCTGGTGTCTGTCTCTTCTGTGTCCTGGCGTCTGTCTCTTCTGTGT'
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Fig. 2. Nucleotide se-
quence of the mouse thy-
1 gene. A génomic library
was prepared in the cos-
mid vector c2RB (16)
with mouse (C57BL/6)
DNA partially digested
with Sau IITA. The geno-
mic library was screened
with a nick-translated
thy-1 ¢cDNA probe and
two thy-1 genomic clones
were obtained. The thy-1
gene was subsequently
subcloned into  the
Eco RI site of pBR322
and sequenced (/5). The
termination codon is indi-
cated by an asterisk.
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alternatively, differential processing of a
thy-1 nuclear transcript giving rise to a
second messenger RNA (mRNA) encod-
ing a thy-1 molecule of 112 amino acids.
Only a single thy-1 gene was observed in
both the rat and mouse genome and only
a single thy-1 mRNA species of approxi-
mately 1.85 kilobases (kb) in brain and
thymus tissue was detected (/2). This
mRNA hybridized to a nick-translated
DNA fragment corresponding to amino
acids 107 to 143 of the thy-1 molecule
(12) and thus included the extra 31 amino
acids observed in the cDNA and geno-
mic clones. There is no evidence for a
second smaller mRNA encoding a
shorter thy-1 molecule.

The discrepancy between the DNA
sequence data and the protein sequences
of Williams and Gagnon (/0) may be
explained in either of two ways. One
possibility is that, although the purified
thy-1 molecule is 143 amino acids long,
the hydrophobic peptide containing the
extra 31 amino acids was lost during the
preparation and purification of the pep-
tide fragments that were used for se-
quencing. Alternatively, the discrepancy
between the DNA and protein data may
reflect a processing step in which the
newly synthesized thy-1 molecules are
cleaved to yield mature molecules of a
different size. To further explore this
possibility, ‘‘pulse-chase’’ experiments
were performed as follows. Cells from a
murine thymoma, BW5147, which ex-
presses thy-1 on the cell surface were
labeled with [*S]methionine for 5 min-
utes, followed by incubation with unla-
beled methionine for various periods of
time. Included in these experiments was
the compound deoxymannojirimycin
which inhibits the cleavage of mannose
residues from N-linked glycans of thy-1
and consequently simplifies the patterns
observed (/3). Immunoprecipitation of
the thy-1 molecule, with a rabbit antisg-
rum to rat thy-1 antibody (/4) that cross-
reacts with murine thy-1, revealed that
thy-1 was initially present in two forms
of different molecular weights and that
within 10 minutes the larger form was
converted to a smaller onge (Fig. 3). To
determine whether this conversion was
due to cleavage of the carboxyl terminal
31 amino acids from the thy-1 molecule,
pulse-chase experiments were per-
formed with [*Hltryptophan. Since tryp-
tophan is present only in the carboxyl
terminal 31 amino acids (at position 124)
and absent from the rest of the molecule,
cleavage of this extra 31 amino acid
stretch would result in the production of
an unlabeled thy-1 molecule. Although
incorporation of [*H]tryptophan is low,
both molecular weight forms were visi-
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[35s] methionine [3H]tryptophan

Minutes

0 10 45
Minutes

Fig. 3. Biosynthesis of thy-1 in the BW5147
murine thymoma cell line. BW5147 cells were
transferred to methionine- or tryptophan-free
medium (5 X 10° cells per microliter), incu-
bated for 60 minutes, and exposed to
[>*SImethionine or [*H]tryptophan at a final
concentration of 100 and 250 wCi/ml, respec-
tively. After S minutes, nonradioactive amino
acid was added to a concentration of 1 mM
(zero time point). The oligosaccharide cleav-
age inhibitor deoxymannojirimycin was in-
cluded during the preincubation period and
was continuously present thereafter. Samples
(5 x 10° cells) were withdrawn at the time
points indicated and processed for immuno-
precipitation. Immunoprecipitates were ana-
lyzed by sodium dodecyl sulfate-polyacrila-
mide gel electrophoresis (12.5 percent gel).

ble when thy-1 was labeled with
[*Hltryptophan (Fig. 3); furthermore, the
thy-1 molecule was visible even after
labeling was followed by an extensive
chase (45 minutes in the presence of
unlabeled tryptophan) indicating that the
mature thy-1 molecule extends beyond
the 112 amino acids proposed by Camp-
bell et al. (9) and at least to amino acid
124. Our inability to detect any other
conversion step even after a 90-minute
chase (data not shown) suggests that the
mature thy-1 molecule has a size consist-
ent with that predicted from the cDNA
and genomic data and that its mode of

integration in the membrane is via the
hydrophobic stretch of 20 amino acids
present at the carboxyl terminus.
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The Goldfish as a Retinex Animal

Abstract. In an experiment designed to test color constancy in a situation
comparable to that used in E. H. Land’s experiments with human observers, goldfish
were trained to approach a particular color within a richly colored but variable
‘““Mondrian’’ background. They retained the ability to identify colors accurately even
when the spectral composition of the illuminant was radically altered in generaliza-
tion tests. Since the behavior of fish resembles that of human beings in these tests,
Land’s retinex theory seems to apply to a relatively primitive vertebrate as well as to

humans.

A key issue in the study of color vision
is that colors of objects can be identified
despite large changes in illumination
conditions, which induce large variations
in the spectral composition of light re-
flected from each object within a scene.
This well-known color constancy effect

presumably derives from a mechanism
that computes relations between spectral
features of an object and its surround-
ings. As part of a long series of observa-
tions on such phenomena, Land (/) and
his colleagues have noted that variations
in spectral composition and intensity as

651





