
straln SH75 [MATa ade6 arg4-17 his4-Sal t rpl  
tyr7-1 ura3 lys2..p(GT),,G @-GAL] and isogenc de- 
letion strains were used to montor repeat ateratons 
in the chromosome. To mon~tor repeat ateratons In 
pSH91  we grew 19 Independent 1 00-PI cultures 
each starilng from -10 5-FOA-sens~t~ve cells, n 
yeast extract-peptone-dextrose (YPD) med~a for 
each strain Cultures were grown to -1 O5 to 10" 
cells before being plated onto med~um containing 
5-FOA. Rates of tract alteraton were determned 
from the number of 5-FOA-res~stant colonies by 

means of the method of the median (16) To montor nne. Rates of forward mutaton at the CANIS locus 
tract alterations n pSH31 and n the chromosome, were determined from the n ~ m b e r  of canavanine- 
we grew 20 ~ndependent 1 00-PI cultures, each start- resstant colonies by means of the method of the 
ing from -10 cells, in YPD for each stran. Cultures ined~an (16). 
were grown to - l o3  to 1 Oa cells before beng plated 20. We ti lankT D. Petes and M. Strand for yeast strains, 
onto medium contanng X-Gal The rate of tract a -  pasmds, and advce and E. M e r  and T Johnson 
teration was determ~ned from the number of cultures for technca assstance. Supported by National Can- 
with no blue colones (16) cer lnst~tute grant CA 41261 and NIH grant GM 

19 For each stra~n, 19 ndependent 1 OO-p, or 500-kl 19261 
cultures were grown n YPD. Cells were then plated 
onto argnne-def~cent medum contain~ng canava- 21 March 1995, accepted 11 May 1995 

High Concentrations of Toxaphene in Fishes distlngulsh hetween the "surreptitious dump- 
ing" and "food-chain length" hypotheses. 

from a Subarctic Lake Traditional studies of contaminant bio- 

Karen A. Kidd," David W. Schindler,-i- 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. 

lnagnif~cation in lacustrine food webs have 
used dlscrete t r o ~ h i c  classifications based 
o n  inferred feeding behavior or analyses of 
stomach contents (9 ,  10).  However, inter- 
pretatlon is complicated for species such as 
lake trout that may he plscivorous, ornniv- 
orous, or insectivorous in different lakes, 
feeding o n  varying comhinatlons of terres- 
trial and benthic insects, other fish, or 
plankton (12).  Stahle nitrogen Isotope ra- 
tios (615N) 

L a k e  Laherge (61°11'N, 13 i012 '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 pr is t~ne wilderness for Canadians 
(1 ). In 1991, a routme survey of contami- 
nants in  fishes from Yukon lakes revealed 
that lake trout iSalvelinus namavcush) and 
burbot (Lota loti) from Lake ~ a b e r g e  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, f ~ s h  consumption advisories 
were issued hy 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 a n  
agricultural pesticide (5). Although Canada 
and the United States discontinued its use 
in the  early 1980s, it 1s currently used in  
Eurasla and Central America and is carried 
by long-range atmospheric transport to suh- 
arctic and arctic reglolls (6).  As a result, 
elevated concentrations of toxavhene have 
been found In ~lpper-trophlc-level blota 
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from the  A r c t ~ c  (7 ) ,  desplte thelr distance 
from the  orleinal source. 

0 

O n e  possible cause for the  contarnina- 
tlon of flshes in  Laheree was surreDtltlous " 

dutnp~ng.  It is known that one lake in  
northern central Yukon was treated with 
toxavhene 111 1963 18). Alternativelv. the  ~, , , 
elevated concentrations of toxaphene co~l ld  
be attributed to biomaenificat~on throueh " " 
the  food cham hecause concentrations of 
persistent chlor~nated organics such as tox- 
aphene increase from prey to predator (9)  
and are highest in fish from lakes with the  
longest food chains (10). Signif~cant bio- 
magnification of lipophilic contaminants 
occurs a t  suharctic and arctlc latitudes, 
where aquatic organisms must surl-ive win- 
ters lastmg several months (1 I ) .  Here, we 
analvied food-chain oreanisms, water, and 
sedl tknts  of Yukon lakYes for toxaphene to 

have heen used as a n  index of trophic level 
for freshwater organisms (1 3-1 6). This ratio 
increases a n  average of 3 to i per mil from 
prey to  predator (13, 16). Stahle 615N val- 
ues in  f ~ s h  represent the integral of several 
months of feed~ng,  thereby providing a con- 
tlnuous measure of trophlc posit1011 (17).  
Recently, Cabana and Ras~nussen (18) 
demonstrated that 61iN in  lake trout mus- 
cle 1s correlated w ~ t h  food-chain length 
across a large n ~ u n b e r  of lakes. W e  hypoth- 
esized that 615N would he directly correlat- 
ed with contatnlnant concentrations In in- 
dlviduals varying in trophlc position. 

Large-volume water samples from six 
lakes on the Yukon River system and ""b- 
dated sediment core slices from Laherge, 
Fox, and Kusawa lakes (19) were used as 
surrogate measures for toxaphene inputs 

Table 1. Surface and maxmum fluxes of toxaphene ( n  nanograms per square meter per year) and the 
median dates of slces In sediment cores from lakes in Yukon Territory [YT; thls study (21)], Northwest 
Terrtories [NWT; (26)], and two lakes treated with toxaphene in Alberta [AB; (25)], Canada. Peanut and 
Chatwin fluxes were not corrected for sediment focusng and the mean dates of these slices are given. 

Lake 
Surface 

Date 
Maxmum 

flux flux 
Date 

Laberge-2, YT (61 "1 1 'N, 135"12'W) 
Laberge-3, YT 
Fox, YT (61 "1 4'N. 135"28'W) 
Kusawa, YT (60°20'N, 136"22'W) 
Far, NWT (63"42'N, 90°40'W) 
Hawk, NWT (63"38'N, 90°42'W) 
Amltuk, NWT (75"03'N, 93"48'W) 
Hazen. NWT (81 "45'N, 71 "30'W) 
Peanut, AB (54"OI 'N, 114"21 'W)  
Chatwn, AB (54"15'N, 1 10°51 'W)  
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from atnlospheric or point sources. T h e  to- 
tal toxaphene concentration in Laherge sva- 
ter (23 pg literp') was within the  range 
found for flve other lakes in  s o ~ ~ t h e r n  
Yukon 112 to  27 pg literp' (20)].  Surface 
and maximum fluxes of t o x a ~ h e n e  in  the  
sediment cores were comparahle in  all three 
lakes, slmilar to those found in  other arctlc 
cores and orders of magnitude lower than 
values found in temperate lakes previously 
treated with t o x a ~ h e n e  (Table 1) (21 ). W e  
thus dls~nissed tll; hypoihesis that' ~ a h e r g e  
received elevated inputs of toxaphene from 
point sources. 

Concentrations of toxaphene in  hiota 
were correlated w1th their trophic posltlon, 
as established hy 6"N (Fig. 1) .  Further, the 
s l o ~ e s  of the  toxatihene concentratloll ver- 
sus 615N in  the  three lakes were not signif- 
icantly different, indicating a broad regional 

6 1 5 ~  (per mil) 

Fig. 1. Mean (t SD, n = 1 to 14) of 8l5N versus 
Ctoxaphene for whole Invertebrates and fsh mus- 
cle (burbot liver was used for toxaphene analyses) 
from Laberge (0, solid he ) ,  Fox (a, dash-dot line), 
and Kusawa (4, dashed Ilne) lakes, Yukon Terrl- 
tory. Organisms are identified as follows: LT, lake 
trout: BT, burbot; LW, lake wh~tef~sh; RW, round 
whitefish; Cl, least c~sco; LS, longnose sucker; 
ZO, zooplankton; GA, Gammarus sp.; CH, chi- 
ronomld (subfam~lies Tanypodinae, Prodia- 
meslnae, and Chironom~nae); SN, s n a  (family 
Lymnaedae); and TR, tricopteran (famly Lmne- 
philidae) (27). 

., 
Lake trout Burbot Lake whitefish 

Fig. 2. Mean (= SD, n = 5 to 14) 8'" for lake 
trout. burbot. and lake whlteflsh muscle from 
Laberge, Fox, and Kusawa lakes, Yukon Territory, 
Canada (28). 

similarity in the  hiolnagnificatlon of this 
contaminant through the  food chain. T h e  
least square regression ecluations of the  log- 
arithm of toxaphene ( in  nanogralns per 
gram of wet weight) versus 6"N (per mil) 
(+ the  estimated SE) (22) are as follows: 

Laberge: Ztox.  = 0.23 (i 0.03)615N 

0.33 (-+ 0.23), SE,,, = 0.56 

Fox: Ctox. = 0.19 (i 0.08)S"N - 0.70 

(-+ 0.63), SE,,, = 0.60 

Kusawa: Ctox. = 0.25 (2 0.04)615N 

However, values of 615N for lake trout,  
hurhot, and lake whlteflsh (Co~.egonus clu- 
peaformis) from Laherge were significantly 
higher t h a n  values for the  same specles 
from other lakes, Indicating that  these 
species feed a t  a higher trophic level (Fig. 
2 ) .  This observation is consistent with 
summer stolnach analyses of fishes from 
the  three lakes, which revealed that  
Laberge lake trout, burhot, and occasion- 
ally lake whitefish are p~scivorous, where- 
as the  same s~iecies i n  other  nearhv lakes 
a te  largely il;vertehrates, with fisll as a 
minor colnponent of their diets (1  5 ,  23) .  
Because of their hlgher trophic position, 
fishes fro111 Laberge acc~llnulated more 
toxaphene than  the  same species from sur- 
rounding lakes (see Fig. 1). 

Taken together, t he  contaminant-615N 
relations for hiota and contaminant con- 
centrations in  water and sedllnents indl- 
cate that  a lonoer than  normal food chain 

0 

1s the  sole reason for the  elevated toxa- 
~ h e n e  concentratLon5 111 flshes from Lake 
Laherge. W e  speculate that  this difference 
in  food-chain length may be due to sus- 
tained heavy flshing pressure o n  Lake 
Laherge. Fish form a critical food base for 
Inany populations of ahoriginal Nor th  
Alnerlcans (7, 24) .  Screening the  fishe'ries 
of nor thern lakes for organlc contami- 
nants would be a n  e x ~ e n s i v e  and time- 
cons~uning undertaking. Our  results sug- 
gest that  the  highest contalninant concen- 
trations are f o ~ l n d  i n  fishes from lakes with 
exceptionally long food chains and  that  
615N might be useful as a n  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,-1- Jiejian Lin, Matthew L. Thomas, 

Douglas T. Fearon? 

CD22 is a membrane immunoglobulin (mlg)-associated protein of B cells. CD22 is ty- 
rosine-phosphorylated when rnlg 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 rnlg lowers the threshold 
at which rnlg activates the B cell by a factor of 100. In secondary lymphoid organs, CD22 
may be sequestered away from rnlg through interactions with counterreceptors on T cells. 
Thus, CD22 is a molecular switch for SHP that may bias rnlg signaling to anatomic sites 
rich in T cells. 

T h e  diverse array of antigen receptors o n  
B and T lymphocytes, (mIgs and T cell 
recentors, respectivelv) can hind a n  allnost 
unliLited n;mher of different antigens. 
Recoluhination alllong the  genetic ele- 
~ n e n t s  that  encode these receptors ac- 
counts for this diversity, hut it does so 
without reference to potential antieens 
and creates receptors that are potentially 
self-reactive. T h e  s o l u t ~ o n  to  this problem, 
as first suggested by Bretscher and C o h n  
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Trust Immunology Unit. Department of Medcine. Unver- 
s~ty of Cambr~dqe School of Clinical Med~cine Cam- 
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L. B. Justement and J. Lln, Department of Microbiology 
and mm~~no logy  Un~vers~ty of Texas Med~ca Branch. 
Gaveston, TX 77555, USA. 
R. J. Matthewsand M L. Thomas. Howard Huahes Med- 

( I ) ,  is t o  require a second signa1,for the  
clonal expansion and differentiation of 
antigen-snecific B cells in to  t?lasma cells. 
This  second signal is provided by helper T 
cells in  the  form of gp39 ( 2 ) ,  the  ligand for 
CD40,  during its cognate interaction with 
the  antigen-reactive B cell. In  the  absence 
of a second signal, the  first signal of rille 
induces toler&lce or  death of the  B cefi 
(3).  There  is a potential difficulty with 
this strategy: the  low frecluency of primed, 
antigen-specific helper T cells. This proh- 
lem lnav he resolved bv restriction of the  
activation of B cells 6y antigens to  sec- 
ondary lymphoid organs. T cells recircu- 
late throueh these structures i n  laree num- 
hers, thusincreasing the  potent larfor  en-  
counters hetween ant igen-s~ecif ic  B and T 

c a  nsttute, Department of Pathology, ~ a s h n g t o n  Un-  cells, To date, 110 l ~ e c l l a ~ i s l n  has heell 
versty School of Medcine, St. Louis, MO 631 10, USA. descrlhed tllat provide this level of 
'These authors contr~buted equally to ths  report. control.  
-1Present address: Department of Medcne University of 
Wales Coeqe of Medicine, Carditi CF4 4XX UK. CD22 is a membrane protein (4)  that  
:!To whom iorrespondence should be addressed. lnay enable the  B cell t o  sense the  pres- 

ence of adjacent ly~nphocytes and regulate 
signaling by mlg. T h e  NH1-terminal Ig- 
like domains of the  extracellular region of 
CD22  (5) have specificity for glycoconju- 
gates containing cu 2,6-linked sialic acid 
that  are expressed preferentially hy R and 
T cells (6 ) .  CD22  associates a i t h  mIg, and 
its in t r ace l l~~ la r  domain is tyrosine-phos- 
phorylated after ligation of mIg (i), en-  
abling interaction a i t h  phosphotyrosine- 
specif~c S H 2  do~na ins  of in t r ace l l~~ la r  sig- 
naling proteins. 

T h e  protein tyrosine phosphatase (PTP) 
S H P  (also ternled PTP1-C, SHPTP1,  and 
H C P )  contains t ~ v o  SH2 donlains (8). T h e  
SHP gene is mutated in mothenten (me) and 
%liable mothraten (mr') Inice (9)  that have an  
expanded B-l subset of R cells, elevated 
concentrations of ~mmunoglohulin M 
(IgM) and IgG3 ( l o ) ,  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 d ~ d  
norlnal B cells ( 1 1 ). 

W e  deterlnined ~vhe the r  tyrosine-phos- 
phorylated CD22  interacts with S H P  hy 
precipitating the  PTP fronl NP-40 lysates 
of Daudi B lymphohlastoid cells tha t  were 
resting or  had been activated hy ligating 
m1gM (1 2 ,  13) .  T h e  proteins were re- 
solved by SDS-polyacrylamide gel electro- 
phoresis (SDS-PAGE),  transferred to  ni- 
trocellulose, and ~mmunoblot ted sequen- 
tially w ~ t h  antibody to  phosphotyrosine 
and antihody to  SHP.  In  resting Daudi 
cells, S H P  was not  tyrosine-phosphorylat- 
ed, and it coimmunoprecipitated a phos- 
phorylated protein of approxilnately 130 
kD that  was harely detectable (Fig. I A ) .  
In  activated cells, t he  PTP was tyrosine- 
phosphoryl2.ted and was associated ~ v i t h  
pllosphorylated proteins of 120 to  130 k D  
and 72 kD.  W e  immunoprecipitated CD22  
fro111 replicate samples of the  Da~ld i  cells 
and subjected the  precipitates to  the  same 
ilnmunohlot analysis. T h e  tyrosine-phos- 
phorylated triplet of CD22  comigrated 
with the  SHP-associated triplet a t  120 to  
130 kD.  T h e  increase in  phosphorylation 
of CD22  induced by lnIgM \vas associated 
with a n  increase in  the  amount  of coim- 
m~~noprecipi ta t ing S H P  (Fig. 1B). T h e  
S H P  that  was assoc~ated with CD22  ap- 
peared to  he relatively less phosphorylated 
t h a n  the  total S H P ,  which suggests that  it 
was the  tyrosine phosphorylation of 
CD22,  rather than  of S H P ,  tha t  led to  the  
binding of the  PTP. 

T o  deternline which of the  six tyrosines 
of the  cytoplasnllc d o n l a ~ n  of CD22  medi- 
ate the  interactlo11 ~ v i t h  S H P ,  lnurlne 
splenic B cells lvere permeabilized and in- 
cubated with buffer alone or buffer con-  
taining each of six phosphotyrosyl pep- 
tides corresponding to  the  sequence of 
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