- I . S !.
' 8000 O K ,CABNLters mrght be ex- ,
P \ [-
described (4).. rtemi, St hoders mdx'ca%es some) tunj
6000 |- 50 percent of total binder ;. ioe, The R binder did no Cross-
£' i + Cobalt-la eled Jtdm | reac! ‘th tfis antiserum, | - [
= 'tamed in |two' f0m ‘ . Tk? ~erun] binder may be a roven-
3 - 4000 = - specific’ ‘adt vnty [“Cf tricult:s binder with a iécretow piece
‘ : fmc/mg, P xhps—Du added or the & bindb rs may be made on- |
2000 - L (i) [0CoIB, 31 et 4 similar geney in different organs. If By, -
| _ .7 New: York ‘Radioa¢ : : .';lbindmg proteins evolved f a com-:
.+ - ¢ inaPackird (zamma) .~ monyancestaal protein, ‘as ;no acid
1 ) . trometer.: i 1 " sequience. analysis® has sugg sted for a
_ 300 A - F‘gure}l ~variety - of |other proteins (5), then .
‘ Voo ';,bmdersi T . chrckens with immy nologically | similar;
""’""]"‘ . *  with human serum "\ Bya binders}in the 'serum nd!gastro.
. ' Eluate (mi) { -, binder wj labeled Wit d - ‘igtestmal trdet may; represent an integ-

" N tl}:pro\}e ntriculus bifider }éo .-* ‘medi hte evo utionary stage between an
:;'fmcs wgﬁ) ?m":‘l’tf":fl’: B“"fm‘:‘f{a:l‘,’:’& e size of|thése bin imate< " organism with a single binder and mam- '
life is the scm?,-, C‘nder Jabeled| with ["Co} 1y 113 ;000 jand 96,000, respectively. X mals w‘h:eh have evolved - immﬁng]ogi— .
Bu.. The solid lide is thd prbventnculus tractlon wth perchlonc acid Idxd ~ cally|distinct binders in the,seram and

_ binder labeled wit ["Co]ﬁu | alter the size of either binder. This xas ' ghstr'ai::tesm al tract, |
N + _been further conﬁrﬁned by lchromatog- . © "D.W. SONNF.BORN
i J I ' Vo raphy of t'hese bmders with R bin’der g : H: J. HANSEN
and in a supernafant made from a crude  from human gastric! juice. As ‘estimated kDepar:ment of Biochemical Nut rition,
homogenate of proven'tricmus {1:5, by the gel]ﬁltratron methcq, k]binder‘ -Hoﬂmann-La Roche Inc.,
weight.to vol in saline; ground in  has a molecular werght of 1110,000. On( Nutl -y, New Jersey 07110 R
_ the Sorvall'Omn Mlxef atf i1l speed for. | chromatography _.the - chic ‘eﬁ lsejum. . ;
v5 minutes; centrifuged |3 j g for 15 binder moves witH"Nilig 'ahe; Iof nr :";""“' ;"‘ N"""‘ s o
.minutes; 4°C) was estimated by the' - R binder,’ while "the proven ficu 1. R.[Grasbeck, Progr, Hemato 1969
zirconyl phosphate gel (i—ge) technique = binder | mrgrates slxghtly bEhind - -'lém?ﬁkﬁf'&af'ﬁ:'ﬁ:";f ql) s,,(,‘:”()::
(3). The homogenate wWas Iparified by : : B 2 oums, Fed. Froc. 28, 700 569).
gel filtration: on Sepha lex: G-100 col-. : inst pro an- phyls. Acra|188, 113 (1969).
umns (2.5 by 1 ) eluted with pH triculus binder reacted equal ywnth both -3 L 2'9"('1"%"; and O. "‘HM“O"’.‘; Andl f.‘
7.0 tris-HCI bu

e (0.1M tns) made in
0.9 percent saline, with 002 percent

‘binders [907 and ‘903 neu allzed dmts

(1 utit=1 | ng of B3 bound)}, whereas ~

Goldsmith, idid. 16, 287 (1966).
. H.|J. Hansen, O, N.-Mitler, C. H.

0,
. 4u Clin, Nutr, 19, 10 (1966); H. J.

recovered.
The partially, purified compIFx of

azide added as preservative. . CAB ¢ ss-reacts to a slightly leeseq €X- . D./Frentz, B. Jacod, Methods Entyn —_—
Antibody Wa ehcxtcd in rats by in-. tent with serum binder [ compared.' i’;'f'é’.'n’u?o"’ii‘;%';, and I, Chanarin, =

jection of a de perchlgric acid ex- with proventriculus binder (853 and s gllO Dlymf: A;"é’;", :'Iv:l';l Se uer ° ——

tract of binder |saturated with vitamin 1047 ncutralized units pe lmnlhhter) ' ':}‘::r?’;ll(nt‘gganl. W: clm)f’::;.c. e —

B,, prepared in| the followrng manner.. ‘The binding sites are probabl identical. 17 Deécernber 1969 O =

Supernatant from five proventticuli was o | ‘ 1 Y LA —

prepared as abolve. An equal volunie of ' R ‘ : =

IM perchloric gcid was added. The'su- - L ' =

pernatant, after centrifugation, was neu- PP .DDT, Eﬂect on a]cium Metabo

tralized with NH,OH, reduced to 5§ ml

in a’ Diaflo ult f‘iltration cell (No. 50). 'Concentrahon of Es dio‘ in the Bl 0.1

fitted with an XM .10 membrane and

placed on a Segharose 5B column. The Abstrnct Rlngdoves glv n 10 parts per DDT showed a riecrea.re

peak cluted with the. above buffer was, - of estralliol in’ the blood early in the bree ?‘ and. egg-laying |was de-

pooled and didlyzed to 5'ml against layed. Tferé was also a decrease in deposition’ ‘ :f"ary calcium and in egg-

Carbowax; 90 percent of the binder was  shell welght. lrlecn'on of p‘p’~DDE (150 milligre r kilogram of body weight)

proventriculus binder and B, (saturated
binder) was inforporated in an|equal
volume of Freund's complete adjuvant,
and 0.1 ml of this was'injected in each
rear foot pad.pf two rats. Two weeks
later, these gat

p were again injected in

this manner, 4nd 3 weeks after this,

there was a thif
the foot pads.

d injection of 0.25 ml in
Blood was collected by

heart puncturd 1 week after the last
injection. Antibody that reacts, with the .

B,;-binding sit¢ of the binders (CSAB)

592

caused reduct
ovidugtyt ... || wneon
i

The gecline ‘of scver
raptorial birds in Europel and North
Americg has becn linked| to the use
of chlorinated 'hydrocarbdn pesticides
(1). The symptoms noted dhring the de-
cline include some or all of the folw
ing: (i) abnormally late ﬁrecdlng, i)
failure to Jay eggs (in jsome cases,
laylng was followed by ' i egg-edting);
(iii) reduced clutch size; (iv) failure!
to lay again after early !oss of eggs;

it M\m(-’\'

on of eggshell weight and l bl

species of

= now been found in a numbet

paired ringdoves (Streptopeli

| carbonic anhydrase in the

cggshells and  {ncreased
egg| breakage; and .(vi) increqsed em-
bryonic mortality. The total pi¢ture can
be: termed | the “raptor-pesticide syn-
drome” because it was first pbserved
in the falcbnlformes. although it has
of fish-
possible
anges.
ed on
risoria)

eatlng birds. I examined the
underlying pathophysiologic ¢
All experiments were perf
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Table 1. Al bird:lvm given feed cont:
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carbonic anhydrase activity in the oviduct. R
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'i&) on cushen welght and
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xb’ dre expmwd as the nvenga = stmqlrd de

the same sizes. N.D., none detected. -] S A e ) X
T i Bm';:u . c.:ibvoinlc '37 -. .. o OViduct . 2 ! ; _'Tv '5" Bgg - . -
reatment weight activity - jil©. . ppiDDE. . Dieldin p.pmbn " Dieldrin

: (mg) .(unlt/g) . Py .Sﬂpm). _ C (eem)l Y ppm) N (ppm)
Control 231 =11 (7) 17331 (5) |- o040 011 (3) ND., g21 & (3) ' ND. |
p.p"-DDE 177227 (12)* 71211 ()i 769 348 (5)* ! . ']166 58 (5)
Dicldrin 23211 (7) 16813 (4) 4| | 4617 (4) |y | 58213 (4)
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which had bred successfully at feast mpes J- analysis md dctcrmi_naﬁOn ot ificant reduction in the concer-
once (2). Pairs were kept in cagu-i carbontc hnhyfn.se activity. i” ‘ ‘ 'of tradiol in the blood an
45.7 by 53.3 by 91.4 cm) and main- i’l he: initial éhemical extraction and ’ in the specific activity of 43Ca in the
tained on a 16-hour light and 8-hour thir layer chromatographic puriﬁcation i leg|bones (Table 1). The metabolic

dark schedule at a temperature of
25°C. At the start of the experiment
the female of each pair was removed
from the cage an maintained in iso--
lation from thd ‘male on an 8-hour
light and 16-hqur dark schedule for
3 weeks. The p,p'-DDT (10 ppm) (3)
was fed to both sexes in turkey grower
pellets (4); thel feed was started at
the time the pair was separated and
continued until they were killed. Radio-
active 4*Ca (2 pc) was given orally
to each é:malc 1 day before being put
back with her original mate. Females

were killed by direct cardiac puncture;

cither 8 days after the sccond mating
or at completion of the clutch of two
cggs. Blood was uscd for determination|
of the concentration of circulntmgtcs-
tradiol. Liver was removed for enzy &
metabolism studics, brain for pesticide

analysis (5), and the tibia and femur|

for 4%Ca analysis (6). ‘Also p,p'-DDE
or dieldrin was injected intraperitoneal-
ly into the female within a day of the
laying of the first egg. In these ex-
periments the femal ere killed im-
mediately after the Lotpletion of the
clutch, Oviducts wc?} removed for
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MO was checked by 'thin-layer chro- erdnce in’

{¢stradiol; Were carried out by| he ' ac

Y of the Hepatic microsomal er-
od of Attal et al. (7). To idcntify zy

cystem n estradiol increasc:!
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m
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constancy | lof the ratlo of *H to- Pco pletion, oft o clutch, there was no

‘ ounts of estradiol in
ography (8).  The final gas-phasoﬁ« -th bleod nor.

the specific activity

cHr matbgraphlc getcrmlnatlon was pcr»-} 7o{ 5Ca in the l6g bones. However, the
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med after the tradiol was éstcriﬁcd» gsb -} pight! and specific activity
t heptafiuootiutyric anhydride (9)!' ‘o Calin the eggshell were signifi-
[the method b, Exley (10).iThe)
e aboljc' activity 'of hepatic ;nzymosx
(6,7-8H]estradlol was meagured in
csh livers 1 ¥itro (11). The|dviduct | :getly !
af dissected out land washed caretully wad! evalcd for tho birds fed
i phy:loloﬂ saline to,m*novc. ]
d. The utsrus pvas then. removed | sd amount of ¢Ca in
the rest of fthe oviduct. A' small | ur can bo related to
ion of thé um (about| tions of estradiol in
) was remioyed for pesticide the deposition of
‘balcium is largely under

from the sccond mating to
tignificantly Increased. The

e

volumcd £| ico-cold waler’ and ol of| this hormone (I3)
{rifugod ot 15 minutes gt 5000 nfirm the observation
min in ordér Jo remove cel} sebrls. B counteracts the ef-

carboni An ydrase conc :
o supe was deterniined by
tcchnlqué of Miyake ard Finons

t lhe bl lkllle:d 8 days a!tc;' tho'!i
nd matin thbwtfed DDT|s )]owcd

lnjecte ostradiol to stimulate
luon of medullary bone. The
ntrations of estradiol
aln thc Incrense in the period
;g-llylg cormhmences, because
none I§/involved in the stimu-
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lauon and mam?:nancc .of the sex
organs and breedihg behavior (15). A
similar increase ifr the time betwecn
the second mating and egg-laying was
found by Jefferies {16) in the Bengalese
finch (Lonchura -gtriata),' although he
suggested a differpnt mechanism than.
that proposed here. R
eéding cycle proceeded .
gg-laying, even though
delayed, it is unl ely that severe de-
pletion of stored calcium in the med
lary bone ocgurs.| Thus, although
phenomenon of h¢patic enzyme induc-
tion has an effect{on calcium balance,
it does not explaip the extremely thin
“eggshells found id the brown pelican’
(Pelecanus occidegtalis) colonies along
the California coast (17). In this case
the average percertage thinning was 53
percent, and the exkreme was 95 percent.
These cases must fesult from inhibition
of calcium availability near the site of
eggshell formatiof. If calcium wete
unavailable in the
then inhibition of| egg-laying. would be
expected (13). Kurther, acute.hypo-
alcemia would be incompatible with’

flight since both njuscle and the nervous .

metabolites (/8) Carbonic anhydrase ,

controls the hydrption of carbon diox-.

ide and is involved in the secretion of
the calcarcous eggshell; inhibition of
this enzyme by [sulfanilamide causes
poorly calcified gqggshells (/9). If this
idea is correct, then one would expect
DDT and DOQE|to be more effective
in causing th
chlorinated hydrocarbons because, with-
in this group of materials, the inhibition
of carboni¢ anlydrase is ‘specific to
DDT and its meta 3
of field results (/}8) suggests that DDE
is mbére effectivd than either dieldrin
or polychlorinated biphenyls i‘n causing
eggshell thinning.

Experiments yere' carried out -on
doves by injecting p,p’-DDE or dieldrin
within a day of legg-laying. Any effect
on cggshell thinhing could not result
from the hepatic enzyme system, be-
cause estradiol was decreasing in con-
centration at this stage of the breed-
ing acycle. Further, the time involved
was. too short.fof this mechanism. Egg-
shell weights were significantly de-
creased by DDE|but were unaffected by
dieldrin (Table] 2). Also, carbonic
anhydrase activjty was markedly re-
duced in the ovigucts of birds recelving
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body of the female,

cggshells than other -

Abstrac: The meII-/ormmg glands of Japane
DDE hid -
"quail on @ * free of pesticides.
The p- * ‘de DDT (1) produces a
decrease in -ggslcll thickness in Jap-
anese qu:: (2), sparrow hawks (3),
and malla:'. (4). The content of cal-
cium in the »gg-lell declined (2) and

reprodyction was impaired (3, 4) by
the dircct additica of DDT or DDE

I ; "

"Carbori. "hydrase' A Mechamsm for

~honic anhydrase activity 16 to 19 percent lower :h n shell gl

|
m |
I

Gland
in Eggshells

‘quail fed p.p’-DDT dr p.p'
ds of

(1) to the diet, thus confirming cor-
relative evidence (5, 6) that DIDT and
related organochlorine compounds de-
crease eggshell thickness. We linvesti-
gated carbonic anhydrase (CA) (E.C.-
4.2.1.1) in the shell-forming| gland
of Japanese quail fed DDT of DDE
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