strain SH75 [MATa ade6 arg4-17 his4-Sal trp1
tyr7-1 ura3 lys2:p(GT), ,G B-GAL] and isogenic de-
letion strains were used to monitor repeat alterations
in the chromosome. To monitor repeat alterations in
pSHI1, we grew 19 independent 100-pl cultures,
each starting from ~10 5-FOA-sensitive cells, in
yeast extract-peptone-dextrose (YPD) media for
each strain. Cultures were grown to ~10° to 106
cells before being plated onto medium containing
5-FOA. Rates of tract alteration were determined
from the number of 5-FOA-resistant colonies by

means of the method of the median (76). To monitor
tract alterations in pSH31 and in the chromosome,
we grew 20 independent 100-pl cultures, each start-
ing from ~10 cells, in YPD for each strain. Cultures
were grown to ~103 to 10 cells before being plated
onto medium containing X-Gal. The rate of tract al-
teration was determined from the number of cultures
with no blue colonies (76).

. For each strain, 19 independent 100-ul or 500-pl
cultures were grown in YPD. Cells were then plated
onto arginine-deficient medium containing canava-

High Concentrations of Toxaphene in Fishes
from a Subarctic Lake

Karen A. Kidd,* David W. Schindler,t Derek C. G. Muir,
W. Lyle Lockhart, Raymond H. Hesslein

Concentrations of toxaphene and other organochlorine compounds are high in fishes from
subarctic Lake Laberge, Yukon Territory, Canada. Nitrogen isotope analyses of food
chains and contaminant analyses of biota, water, and dated lake sediments show that the
high concentrations of toxaphene in fishes from Laberge resulted entirely from the bio-
magnification of atmospheric inputs. A combination of low inputs of toxaphene from the
atmosphere and transfer through an exceptionally long food chain has resulted in con-
centrations of toxaphene in fishes that are considered hazardous to human health.

Lake Laberge (61°11'N, 135°12'W) is lo-
cated in southern Yukon Territory, Canada.
Although the town of Whitehorse has
grown along the Yukon River upstream of
the lake, Lake Laberge and its watershed are
symbols of pristine wilderness for Canadians
(I). In 1991, a routine survey of contami-
nants in fishes from Yukon lakes revealed
that lake trout (Salvelinus namaycush) and
burbot (Lota lota) from Lake Laberge were
contaminated with amounts of toxaphene
and other lipophilic contaminants several-
fold greater than in the same species from
other subarctic and arctic lakes and rivers
(2, 3). As a result of the high toxaphene
concentrations, fish consumption advisories
were issued by Health Canada (4), and the
commercial, sport, and native subsistence
fisheries were closed.

Toxaphene was once used in North
America as a piscicide (fish-killing agent)
to remove rough fish species and as an
agricultural pesticide (5). Although Canada
and the United States discontinued its use
in the early 1980s, it is currently used in
Eurasia and Central America and is carried
by long-range atmospheric transport to sub-
arctic and arctic regions (6). As a result,
elevated concentrations of toxaphene have
been found in upper-trophic-level biota
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from the Arctic (7), despite their distance
from the original source.

One possible cause for the contamina-
tion of fishes in Laberge was surreptitious
dumping. It is known that one lake in
northern central Yukon was treated with
toxaphene in 1963 (8). Alternatively, the
elevated concentrations of toxaphene could
be attributed to biomagnification through
the food chain because concentrations of
persistent chlorinated organics such as tox-
aphene increase from prey to predator (9)
and are highest in fish from lakes with the
longest food chains (10). Significant bio-
magnification of lipophilic contaminants
occurs at subarctic and arctic latitudes,
where aquatic organisms must survive win-
ters lasting several months (11). Here, we
analyzed food-chain organisms, water, and
sediments of Yukon lakes for toxaphene to

nine. Rates of forward mutation at the CAN7S locus
were determined from the number of canavanine-
resistant colonies by means of the method of the
median (76).
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distinguish between the “surreptitious dump-
ing” and “food-chain length” hypotheses.

Traditional studies of contaminant bio-
magnification in lacustrine food webs have
used discrete trophic classifications based
on inferred feeding behavior or analyses of
stomach contents (9, 10). However, inter-
pretation is complicated for species such as
lake trout that may be piscivorous, omniv-
orous, or insectivorous in different lakes,
feeding on varying combinations of terres-
trial and benthic insects, other fish, or
plankton (12). Stable nitrogen isotope ra-
tios (3'°N)

SISN = [(ISN/HNsample
- ISN/HNatmOs. nitmgen) - 1] X 1000

have been used as an index of trophic level
for freshwater organisms (13—16). This ratio
increases an average of 3 to 5 per mil from
prey to predator (13, 16). Stable 8'°N val-
ues in fish represent the integral of several
months of feeding, thereby providing a con-
tinuous measure of trophic position (17).
Recently, Cabana and Rasmussen (18)
demonstrated that §!°N in lake trout mus-
cle is correlated with food-chain length
across a large number of lakes. We hypoth-
esized that 8'°N would be directly correlat-
ed with contaminant concentrations in in-
dividuals varying in trophic position.
Large-volume water samples from six
lakes on the Yukon River system and 2!°Pb-
dated sediment core slices from Laberge,
Fox, and Kusawa lakes (19) were used as
surrogate measures for toxaphene inputs

Table 1. Surface and maximum fluxes of toxaphene (in nanograms per square meter per year) and the
median dates of slices in sediment cores from lakes in Yukon Territory [YT; this study (27)], Northwest
Territories [NWT; (26)], and two lakes treated with toxaphene in Alberta [AB; (25)], Canada. Peanut and
Chatwin fluxes were not corrected for sediment focusing, and the mean dates of these slices are given.

Surface Maximum

Lake flux Date flux Date
Laberge-2, YT (61°11'N, 135°12’'W) 180 1991 270 1978
Laberge-3, YT 32 1991 340 1973
Fox, YT (61°14’N, 135°28'W) 180 1992 260 1983
Kusawa, YT (60°20’N, 136°22'W) 24 1989 140 1974
Far, NWT (63°42’N, 90°40'W) 310 1986
Hawk, NWT (63°38’N, 90°42'W) 500 1985
Amituk, NWT (75°03'N, 93°48'W) 140 1980
Hazen, NWT (81°45'N, 71°30'W) 120 1986
Peanut, AB (54°01'N, 114°21'W) 2.3 X 104 1985 1.0 X 108 1962
Chatwin, AB (54°15'N, 110°51'W) 1.7 X 104 1990 5.1 X 108 1963
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from atmospheric or point sources. The to-
tal toxaphene concentration in Laberge wa-
ter (23 pg liter™!) was within the range
found for five other lakes in southern
Yukon [12 to 27 pg liter™! (20)]. Surface
and maximum fluxes of toxaphene in the
sediment cores were comparable in all three
lakes, similar to those found in other arctic
cores and orders of magnitude lower than
values found in temperate lakes previously
treated with toxaphene (Table 1) (21). We
thus dismissed the hypothesis that Laberge
received elevated inputs of toxaphene from
point sources.

Concentrations of toxaphene in biota
were correlated with their trophic position,
as established by 8'°N (Fig. 1). Further, the
slopes of the toxaphene concentration ver-
sus 8'°N in the three lakes were not signif-
icantly different, indicating a broad regional

10,000
1,000
100

10

3 Toxaphene (ng g™ wet weight)
o

0.01
0

315N (per mil)

Fig. 1. Mean (+ SD, n = 1 to 14) of 8'°N versus
Ztoxaphene for whole invertebrates and fish mus-
cle (burbot liver was used for toxaphene analyses)
from Laberge (O, solid line), Fox (@, dash-dot line),
and Kusawa (M, dashed line) lakes, Yukon Terri-
tory. Organisms are identified as follows: LT, lake
trout; BT, burbot; LW, lake whitefish; RW, round
whitefish; Cl, least cisco; LS, longnose sucker;
Z0, zooplankton; GA, Gammarus sp.; CH, chi-
ronomid  (subfamilies Tanypodinae, Prodia-
mesinae, and Chironominae); SN, snail (family
Lymnaeidae); and TR, tricopteran (family Limne-
philidae) (27).

14
a W Laberge
12 a Kusawa
[ Fox
= 10
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©

Lake whitefish

Lake trout Burbot

Fig. 2. Mean (= SD, n = 5 to 14) 85N for lake
trout, burbot, and lake whitefish muscle from
Laberge, Fox, and Kusawa lakes, Yukon Territory,
Canada (28).

similarity in the biomagnification of this
contaminant through the food chain. The
least square regression equations of the log-
arithm of toxaphene (in nanograms per
gram of wet weight) versus 8'°N (per mil)
(# the estimated SE) (22) are as follows:

Laberge: Stox. = 0.23 ( 0.03)3"°N
— 0.33 (* 0.23), SE,,, = 0.56
Fox: Stox. = 0.19 (= 0.08)8"°N — 0.70
(+ 0.63), SE,, = 0.60
Kusawa: Stox. = 0.25 (+ 0.04)8"N
- 0.59 (= 0.31), SE,,, = 0.39

However, values of 8'°N for lake trout,
burbot, and lake whitefish (Coregonus clu-
peaformis) from Laberge were significantly
higher than values for the same species
from other lakes, indicating that these
species feed at a higher trophic level (Fig.
2). This observation is consistent with
summer stomach analyses of fishes from
the three lakes, which revealed that
Laberge lake trout, burbot, and occasion-
ally lake whitefish are piscivorous, where-
as the same species in other nearby lakes
ate largely invertebrates, with fish as a
minor component of their diets (15, 23).
Because of their higher trophic position,
fishes from Laberge accumulated more
toxaphene than the same species from sur-
rounding lakes (see Fig. 1).

Taken together, the contaminant-8'°N
relations for biota and contaminant con-
centrations in water and sediments indi-
cate that a longer than normal food chain
is the sole reason for the elevated toxa-
phene concentrations in fishes from Lake
Laberge. We speculate that this difference
in food-chain length may be due to sus-
tained heavy fishing pressure on Lake
Laberge. Fish form a critical food base for
many populations of aboriginal North
Americans (7, 24). Screening the fisheries
of northern lakes for organic contami-
nants would be an expensive and time-
consuming undertaking. Our results sug-
gest that the highest contaminant concen-
trations are found in fishes from lakes with
exceptionally long food chains and that
3°N might be useful as an initial screen-
ing mechanism to identify such lakes.
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A Role in B Cell Activation for CD22 and the
Protein Tyrosine Phosphatase SHP
Gina M. Doody, Louis B. Justement,” Catherine C. Delibrias,*

R. James Matthews,{ Jigjian Lin, Matthew L. Thomas,
Douglas T. Fearon::

CD22 is a membrane immunoglobulin (mlg)-associated protein of B cells. CD22 is ty-
rosine-phosphorylated when mlg is ligated. Tyrosine-phosphorylated CD22 binds and
activates SHP, a protein tyrosine phosphatase known to negatively regulate signaling
through mlg. Ligation of CD22 to prevent its coaggregation with mlg lowers the threshold
at which mlg activates the B cell by a factor of 100. In secondary lymphoid organs, CD22
may be sequestered away from mlg through interactions with counterreceptors on T cells.
Thus, CD22 is a molecular switch for SHP that may bias mig signaling to anatomic sites

rich in T cells.

The diverse array of antigen receptors on
B and T lymphocytes, (mlgs and T cell
receptors, respectively) can bind an almost
unlimited number of different antigens.
Recombination among the genetic ele-
ments that encode these receptors ac-
counts for this diversity, but it does so
without reference to potential antigens
and creates receptors that are potentially
self-reactive. The solution to this problem,
as first suggested by Bretscher and Cohn
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(1), is to require a second signal for the
clonal expansion and differentiation of
antigen-specific B cells into plasma cells.
This second signal is provided by helper T
cells in the form of gp39 (2), the ligand for
CDA40, during its cognate interaction with
the antigen-reactive B cell. In the absence
of a second signal, the first signal of mlg
induces tolerance or death of the B cell
(3). There is a potential difficulty with
this strategy: the low frequency of primed,
antigen-specific helper T cells. This prob-
lem may be resolved by restriction of the
activation of B cells by antigens to sec-
ondary lymphoid organs. T cells recircu-
late through these structures in large num-
bers, thus increasing the potential for en-
counters between antigen-specific B and T
cells. To date, no mechanism has been
described that could provide this level of
control.

CD22 is a membrane protein (4) that
may enable the B cell to sense the pres-
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ence of adjacent lymphocytes and regulate
signaling by mlg. The NH,-terminal Ig-
like domains of the extracellular region of
CD22 (5) have specificity for glycoconju-
gates containing a 2,6-linked sialic acid
that are expressed preferentially by B and
T cells (6). CD22 associates with mlg, and
its intracellular domain is tyrosine-phos-
phorylated after ligation of mlg (7), en-
abling interaction with phosphotyrosine-
specific SH2 domains of intracellular sig-
naling proteins.

The protein tyrosine phosphatase (PTP)
SHP (also termed PTP1-C, SHPTPI, and
HCP) contains two SH2 domains (8). The
SHP gene is mutated in motheaten (me) and
viable motheaten (me¥) mice (9) that have an
expanded B-1 subset of B cells, elevated
concentrations of immunoglobulin M
(IgM) and IgG3 (10), and autoimmune ar-
thritis and glomerulonephritis. Recently,
me* B cells were shown to induce the re-
lease of intracellular calcium in response to
lower concentrations of antigen than did
normal B cells (11).

We determined whether tyrosine-phos-
phorylated CD22 interacts with SHP by
precipitating the PTP from NP-40 lysates
of Daudi B lymphoblastoid cells that were
resting or had been activated by ligating
mlgM (12, 13). The proteins were re-
solved by SDS—polyacrylamide gel electro-
phoresis (SDS-PAGE), transferred to ni-
trocellulose, and immunoblotted sequen-
tially with antibody to phosphotyrosine
and antibody to SHP. In resting Daudi
cells, SHP was not tyrosine-phosphorylat-
ed, and it coimmunoprecipitated a phos-
phorylated protein of approximately 130
kD that was barely detectable (Fig. 1A).
In activated cells, the PTP was tyrosine-
phosphorylated and was associated with
phosphorylated proteins of 120 to 130 kD
and 72 kD. We immunoprecipitated CD22
from replicate samples of the Daudi cells
and subjected the precipitates to the same
immunoblot analysis. The tyrosine-phos-
phorylated triplet of CD22 comigrated
with the SHP-associated triplet at 120 to
130 kD. The increase in phosphorylation
of CD22 induced by mIgM was associated
with an increase in the amount of coim-
munoprecipitating SHP (Fig. 1B). The
SHP that was associated with CD22 ap-
peared to be relatively less phosphorylated
than the total SHP, which suggests that it
was the tyrosine phosphorylation of
CD22, rather than of SHP, that led to the
binding of the PTP.

To determine which of the six tyrosines
of the cytoplasmic domain of CD22 medi-
ate the interaction with SHP, murine
splenic B cells were permeabilized and in-
cubated with buffer alone or buffer con-
taining each of six phosphotyrosyl pep-
tides corresponding to the sequence of





