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Die Zellen der Kragendriise iiberlappen sich und bilden
schlanke Fortsitze aus. Diese stellen typische Pedicellen
dar, wie sie sonst nur von vielen Nierenorganen bekannt
sind. Benachbarte Pedicellen werden wie dort durch
Diaphragmata verbunden (Figuren 2 und 3, Pfeile). In
allen Zellen sind cytotische Vesikulationen (V) hédufig. In
ihnen ist die fiddige Glykokalyx deutlich. Die Nuclei
liegen im zentralen Zellbereich und sind. iiberwiegend
kugelig. Die stets nur cristdren Mitochondrien kommen in
grosser Zahl vor. Charakteristisch sind viele Lysosomen
(Figuren 3 und 4, Ly) verschiedener Grosse und Dichte
sowie schlauchférmige und oft gewundene Konfiguratio-
nen (W), die im Cytoplasma verstreut liegen. Auch
beziiglich dieser Strukturen wird man sehr an das Bild von
Sacculuszellen des Maxillarnephridiums von Polyrenus
laguyus erinnert®.

Setzt man experimentell eine Hiutung in Gangs,
dann werden die Kragendriisenzellen deutlich aktiviert.
Die vorher weiten Interzellularspalten (Figuren 1, 2 und 3)
verschwinden wegen einer starken Volumenzunahme der
Zellen fast vollstindig (Figur 4). Im Cytoplasma treten
hiufiger freie Ribosomen auf. Lysosomen und Mitochon-
drien sind deutlich vermehrt. Die Zisternen des urspriing-
lich schwach entwickelten granuliren ER sind jetzt

Lead Binding to Human Haemoglobin

Lead is known to combine with erythrocytes!. Previ-
ously it was thought to combine with the erythrocyte cell
membrane? but recent work has suggested that it reacts
with the cell contents, notably with haemoglobin3. The
nature of the reaction is still in doubt and this report
describes an attempt to determine the association constant
for the lead haemoglobin complex and the number of
binding sites available for lead on the haemoglobin
molecule.

Stroma free haemolysates were obtained from adult
and fetal blood red cells, previously washed 3 times with
normal saline, by ultracentrifugation3. Each haemolysate
was diluted with twice its volume of tris-maleic acid
buffer, pH 7.0 and samples obtained for haemoglobin*
and proteins determinations. Varying concentrations of
lead in the range 50 to 500 ppm were prepared in the
buffer and labelled with carrier free Pb-203 to give solu-
tions of known specific activity. Volumes of the lead solu-
tions were mixed with samples of the haemolysate in
bags of Visking dialysis tubing which had previously
been prepared by boiling in several changes of distilled
water. The sealed bags were centrifuged for 2 h at 2500 g
in a temperature controlled centrifuge at 25°C using a
technique previously described®. Aliquots of the ultra-
filtrate and residual haemolysate were obtained and the
lead content of each derived by measurement of the
radioactivity with a Hewlett-Packard Auto-y-Spectro-

Table I. Comparison of Log K values for Pb++ ions in different sys-
tems

Ligand Log K

EDTA 18.0 (Reflt)
Haemoglobin 4.08

Bovine serum albumin 2.3 (Ref.19)
Gelatin pH 5.5 1.84 (Ref.16)
Gelatin pH 6.5 2.21 (Ref.18)
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stellenweise blasig aufgetrieben und mit flockigem Inhalt
gefiillt. Besonders bemerkenswert ist, dass nun auch
agranuldres ER in der Ndhe von Golgifeldern sichtbar wird.
Die Zahl der Golgikomplexe pro Zelle scheint vermehrt;
an den freien Enden ihrer Zisternen werden Prosekret-
grana abgeschniirt (Figur 4). Ausfiihrlichere Untersu-
chungen werden demnichst an anderer Stelle verdffent-
licht.

Summary. A hitherto unidentified endocrine ‘glandula
perioesophagealis’ in Polyxenus lagurus is described. Tts
cells are typical podocytes. Between the pedicells there
are many intercellulary spaces. Inanimalsclose tomolting,
the gland cells are activated.
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meter. The lead bound to haemoglobin was determined
by the difference between the free and totallead activities.

Analysis of the results by the method of ScaTcHARDS®
gave a linear relationship between ‘v’ (moles of bound
lead per total moles of protein) and ‘v/M’ (where M is the
molar concentration of free metal; Figure 1). This supports
the view that the sites available for lead binding are
equivalent and that there is no interaction between them.
The intercept on the X-axis indicates that the adult
haemoglobin molecule has 8 sites available for lead bind-
ing although the standard error of the slopes of both
regression lines would allow values between 7 and 10
(Figure 2). The symmetry of the haemoglobin molecule
(0epf8,) Would suggest that the number of lead binding sites
would be given by an even whole number.

The association constant (K) for the lead haemoglobin
complex was calculated from the value given by the
intercept of the line on the Y-axis and was.such that log
K = 4.08. This value has been related to other known
values for lead association constants (Table I). The
disparity between the Pb-EDTA and the Pb-Hb associa-
tion constants was such that exposure of the Pb-Hb to
free EDTA would result in the transfer of lead and ‘the
formation of a Pb-EDTA complex. This was verified in
lead-containing haemolysates, in which the lead was
completely removed by EDTA ; by contrast little lead was
removed from intact erythrocytes (Table II). These

1 R, A. MortensEN and K. E. KeLrog, J. Cell. comp. Physiol. 23, 11
(1944).

2 B. LinpeEMaNN and H. Passow, Pfliigers Arch. ges. Physiol. 277,
369 (1960).

3 D. BArLTROP and A. M. Smith, Experientia 27, 92 (1971).

4 A, J. HAINLINE, in Statistical Methods in Clinical Chemistry (Aca-
demic Press, New York 1958), vol. 2. p. 49.

5 W. H. Davcuapay, O. H. Lowry, N. J. RoseBrRouGH and W. S.
FieLps, J. Lab. clin. Med. 39, 663 (1952).

6 G. ScaTcHARD, Ann. N. Y. Acad. Sci. 57, 660 (1949). -



15.1. 1972

Table II. The effect of extracellular EDTA on the partition of lead
between erythrocytes and saline

Molar content in 0.9%, saline Erythrocyte lead (%)

Lead EDTA
10-3 - 95.87
103 - 94.20
10-% 10-3 1.02
10-3 10-3 1.16
- 10-3 95.17%
- 10-2 92,42+

1 mlof washed erythrocytes added to 4 ml of solution, mixed for 10 min.
Lead content of erythrocytes determined after washing x 3 with
0.99%, saline. The lead solutions were labelled with carrier-free Pb-203.
=»Washed erythrocytes previously equilibrated with 10~3M/ lead.
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Fig. 1. Plot and regression line for v/M against v, where v denotes
moles of bound lead per total moles of haemoglobin and M is the mo-
lar concentration of free metal (after SCATCHARDS),

@ Fetal hasmoglobin
O Aduit haemoglobin

B Adult haemoglobin with
N iodoacetate

Fig. 2. Graph from Figure 1 superimposed on the results from fetal
haemoglobin, normal adult haemoglobin controls and adult haemo-
globin containing added iodoacetic acid. The standard errors of the
slope of the regression line are included.
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findings support the suggestion that EDTA does not
cross the erythrocyte membrane and in vivo removes
skeletal rather than erythrocyte lead?. This was further
substantiated by studies with C-14 labelled EDTA, which
showed that the EDTA added to whole blood remained
extracellular.

The nature of lead binding sites on the haemoglobin
molecule is not known. Previous work with heavy metals
(mercury, silver) has suggested that binding occurred
with up to 6 sulphydryl groups®-11 although only two of
these are normally available for binding2. An average of
7.5 sulphydryl groups available for heavy metal binding
has been reported for haemoglobin H («,f,). However, it
has been suggested that spurious results might occur with
divalent mercury ions due to the formation of Hg-Hg-SH
linkages thus giving an incorrect estimate of the number of
available groups!®. Blocking the free —-SH groups of
haemoglobin by the incorporation of iodoacetic acid in
the haemolysates prior to the addition of lead resulted in
little difference in the lead binding (Figure 2) suggesting
that free sulphydryl groups are not essential in the forma-
tion of the lead-haemoglobin complex.

Analysis of the data obtained from experiments using
fetal haemoglobin gave similar results showing the sites
available for lead binding to be independent of the
p-chain component of the haemoglobin 7.

Zusammenfassung. Die Verbindung von Blei mit mensch-
lichem Himoglobin wurde in vitro mittels Pb-203 unter-
sucht, wobei man die Anzahl der zugidnglichen Verbin-
dungsstellen am Molekiil des Hamoglobins und der Ver-
bindungskonstante tir den Blei-Hamoglobinkomplex
bestimmte. Die Verbindung war weder von der Anwesen-
heit der g-Ketten noch von freien Sulphydrylgruppen
abhingig. Mittels EDTA konnte Blei von Hamolysaten,
nicht aber aus intektan Erythrozyten entfernt werden.
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