
2-1WEAK serums is thought to result 
from the very small amount of this 
material present in this particular 
phenotype. 

These various observations all sup- 
port the contention that the hapto- 
globin genotypes of the parents of case 
2 are Hp2/Hp1WEAK (father) and Hp2/ 
Hp18 (mother). Their child with the 

ring 13 chromosome is believed to have 
inherited only the father's Hp1tVEAK 

gene. The expected maternal gene was 

presumably lost during formation of the 

ring chromosome. Our failure to detect 

haptoglobin in the serum of case 2 is 
believed to be consequent to the very 
limited amount of protein produced 
by the lone HpWEIAK gene. 

It was previously pointed out that a 
silent gene in the family of case 1, 
rather than loss of genetic material 

during the formation of a ring chro- 
mosome, could conceivably have ac- 
counted for the anomalous inheritance 
of haptoglobin in this family (1). 
This was thought unlikely, however, 
in view of the infrequent occurrence of 
such a silent gene among Caucasians. 
A weak gene of the type we postulate 
for the family of case 2 could not 
have accounted for the findings on 
case 1 since the haptoglobin patterns 
associated with such "weak" genes 
(Carlberg or 2-1 modified) were not 
found. 

These cases are the only two in- 
stances known to us of ring D chro- 
mosomes for which haptoglobin studies 
have been performed and for which 

autoradiographic analysis has identified 
the ring D chromosome specifically as 
chromosome No. 13. Both have been 

accompanied by anomalous inheritance 
of haptoglobin type. In each instance 
the findings may be explained if it is 
assumed that the locus determining the 
structure of the haptoglobin alpha- 
chain is lost during formation of the 

ring, and hence, that this locus is 

normally situated on one end or the 
other of chromosome No. 13. 

There have been a limited number 
of studies of haptoglobin reported for 
families with other D-chromosome 
anomalies. De Grouchy et al. (14) re- 

ported the transmission of a D chro- 
mosome with a deletion of the short 
arm from an ahaptoglobinemic father 
to a son who was heterozygous for hap- 
toglobin. No autoradiographic studies 
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this family, this fact would indicate 
that a regulatory gene is involved 
rather than a structural one such as 

postulated for the two families we 
have studied. 

Hustinx et al. (15) performed a 
limited analysis of linkage on families 
with D/G and D/D translocations and 
claimed a 14 percent recombination 

frequency of haptoglobin and the ab- 
normal chromosome. They suggested 
that the haptoglobin locus is within 

mappable distance of the centromere 
in a D chromosome, although in a 

subsequent report they were unable to 
show any evidence for linkage after 
more detailed analysis (16). We have 

performed linkage calculations on the 

pedigrees of Hustinx et al. and on four 
of our own (two D/G; two D/D); the 
evidence is inadequate either to con- 
firm or exclude linkage of the hapto- 
globin locus with the centromere (17). 
None of the families studied by Hustinx 
et al. and only one of ours was analyzed 
autoradiographically. In the absence 
of such information the interpretation 
of this linkage data is questionable. 

It is quite probable that the struc- 
tural locus for the haptoglobin alpha- 
chain is located on one end of chro- 
mosome No. 13; it is not possible to 
state with certainty whether this locus 
is on the end of the long arm or the 
short arm of this chromosome. 
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ceptibility to inhibition by the local 
anesthetic dibucaine (1), while another 
variant can be identified by its higher 
resistance to inhibition by fluoride (2). 
The genes responsible for synthesis of 
the normal or "usual" enzyme (E1U) 
and the two variants to which we have 
referred (Ela and Elf) are considered 
to be allelic. Liddell et al. (3) drew 
attention to the existence of a "silent" 
gene (El,) which, in the ihomozygous 
state, resulted in complete absence of 
ACAH; this is probably an allele of 
El,, and E1a (4). 

Only 11 individuals (in eight fam- 
ilies), all Caucasoids, homozygous for 
the "silent" gene have been described 
(3, 5, 6). We now record the first non- 
Caucasoid subject lacking ACAH. 

A 16-year-old Bantu schoolgirl, B.M., 
of the Pedi tribe, living in the northern 
Transvaal, was included in a serogene- 
tic survey. Examined by starch-gel elec- 
trophoresis for esterase activity (7), 
her serum showed none of the four 
isozyme bands normally present. Spec- 
trophotometric assay (1) confirmed com- 
plete absence of ACAH activity. Sam- 
ples of serum were obtained from the 
available relatives for assay and de- 
termination of type of ACAH. The 
mother of the propositus had died aibout 
10 years earlier, aged 40 years, ap- 
parently from natural causes and not 
after an anesthetic. 

The results of analyses appear in 
Table 1. The dibucaine and fluoride 
numbers indicate the usual form of 
ACAH (1, 2). The sister had a normal 
level of enzyme; the father, who is an 
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Table 1. Levels of ACAH, dibucaine and flu- 
oride numbers [by the methods of Kalow and 
Genest (1) and Harris and Whittaker (2), re- 
spectively], and serum albumin levels of the 
propositus (B.M.) and her family. The mean 
enzyme level for 15 Bantu schoolchildren was 
0.49 ? 0.15. Activity is expressed as micro- 
moles of benzoylcholine hydrolyzed per mil- 
liliter of serum per minute at 25?C. 

ACAH Dibu- Fluo- album albu- 
Subject activ- caine ride 

ity (No.) (No.) ( (g % ) 

Father 0.34 85.3 58.8 4.00 
Brother .14 80.0 66.6 4.20 
Sister .49 85.7 48.9 4.30 
B.M. .00 4.25 

obligatory heterozygote, had a level 
low in the normal range; while the 
brother, a presumed heterozygote, had 
a level about 30 percent of the normal 
mean for this population. 

All members of the family of B.M. 
seen by us were healthy on clinical 
examination; their serum protein levels 
and electrophoretic patterns were nor- 
mal. The serum albumin level of the 
propositus was 4.25 g percent (Table 
1); such a normal value in an individual 
lacking ACAH corroborates the con- 
clusion (8) that there is no connection 
between synthesis by the liver of al- 
bumin and of plasma cholinesterase. 

It is estimated that the prevalence of 
subjects homozygous for the "silent" 
allele is approximately 1:100,000 (9). 
This incidence is considerably lower 
than the frequency of those homozygous 
for the dibucaine-resistant gene-1:3000 

Days after transfusion 
Fig. 1. Change in ACAH level in serum of a subject, lacking the enzyme, after 
transfusion of normal plasma (semilogarithmic plot). 
30 JUNE 1967 

or 4000 in Britain (10). Discovery 
that this Bantu child is homozygous for 
the "silent" allele indicates that the gene 
is not confined to Caucasoids. 

Lehmann and Liddell (11) found that 
the serum. of a patient completely lack- 
ing ACAH had an inhibitory effect on 
the ACAH activity of normal serum, 
but Hodgkin et al. (6) could not con- 
firm this finding in their two patients. 
Our identical experiment with the se- 
rum of B.M. failed to demonstrate in- 
hibition of activity. This fact may indi- 
cate that different genetic defects occur 
in the two groups; on the other hand, 
the difference may reflect the produc- 
tion of antibodies against ACAH by 
the patient of Lehmann and Liddell 
(11), who had been transfused earlier 
and may have been sensitized to the 
ACAH contained in the plasma. How- 
ever, our patient's blood showed no 
inhibition of normal serum ACAH ac- 
tivity when the experiment was re- 
peated 7 months after a transfusion. 

We performed an experiment (12) 
that gives some indication of the rate 
of turnover of ACAH in the body. 
Blood (about 200 ml) was taken from 
the propositus before she received, over 
a 20-minute period, 460 ml of freshly 
collected plasma from two donors pos- 
sessing the usual type of ACAH in nor- 
mal amounts (0.42 and 0.57 units, re- 
spectively; see Table 1). Samples of 
blood were collected within 2 minutes 
of completion of :the infusion (zero 
time) and thereafter at varying intervals. 

The result (Fig. 1) shows that after 
the initial rapid drop in enzyme level, 
due to distribution in the tissues, there 
was a more gradual decrease in activity 
and a half-life of about 10 days. Re- 
sults have been similar for the regenera- 
tion rate of plasma cholinesterase after 
the administration of diisopropyl fluo- 
rophosphate (13). 
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the pineal gland of rats was deter- 
mined by measuring the rate of forma- 
tion of radioactive cyclic 3',5'-adeno- 
sine monophosphate from 14C-labeled 
adenosine triphosphate. Norepinephrine 
added in vitro to pineal homogenates 
enhanced this activity, while denerva- 
tion of the pineal gland by superior 
cervical ganglionectomy did not sig- 
nificantly reduce it. The enzyme in these 
denervated glands was more responsive 
to the stimulatory effects of norepi- 
nephrine. 
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tivity after denervation would indicate 
that the enzyme is not involved in 
catecholamine-induced responses at 

postjunctional sites. We have, there- 

fore, investigated this activity in inner- 
vated and chronically denervated struc- 
tures to determine the location of the 

enzyme and to examine its responsive- 
ness to catecholamines. 

The pineal gland is ideally suited 
for studying the changes in adenyl cy- 
clase activity that might occur with 
chronic denervation. This organ is in- 
nervated exclusively by sympathetic fi- 
bers originating bilaterally from the su- 

perior cervical ganglia (6). Thus, su- 

perior cervical ganglionectomy causes 

degeneration of the pineal nerves (6, 7) 
and depletion of the catecholamines 
stored in its nerve terminals (8, 9), as 
shown by microscopic observation of 
the gland and by direct chemical analy- 
sis of norepinephrine. 

Adenyl cyclase activity was deter- 
mined by measuring the rate of accumu- 
lation of radioactive cyclic 3',5'-AMP 
formed from its labeled precursor, 
14C-adenosine triphosphate (ATP). Cy- 
clic 3',5'-AMP is separated from ATP 
and other metabolites of ATP in two 

separate stages. The compounds are ad- 
sorbed onto ion-exchange columns 
[Dowex 50W-X4(H+)] and eluted with 
1-ml portions of water. This procedure 
eliminates approximately 99.9 percent 
of ATP from the cyclic 3',5'-AMP 
fraction. Final purification of this frac- 
tion is achieved by precipitating trace 
contaminants by adding equal volumes 
of barium hydroxide (7.2 percent) and 
zinc sulfate (8 percent). Approximately 
75 percent of the cyclic 3',5'-AMP is 
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recovered in a final volume of 3 ml, 
and the fraction is pure enough to en- 
able detection of one part of the cyclic 
nucleotide in more than 50,000 parts of 
ATP. Moreover, rate of accumulation 
of the cyclic nucleotide in rat brain 
homogenates is linear with respect to 
both time and concentration of en- 
zyme, if proper precautions are taken 
to maintain adequate substrate concen- 
trations and to prevent the enzymatic 
hydrolysis of cyclic 3',5'-AMP (10). An 
account of the present experiment has 
recently been reported (11). 

In the present experiments, adenyl 
cyclase activity of pineal glands of male 
Sprague-Dawley rats (200 to 240 g) 
was determined as follows. Within 30 
seconds after the rats were decapitated, 
each organ was removed, homogenized 
in tris-HCl buffer (5 X 10-2M, pH 
7.4), and incubated individually in 100 

pl of an assay mixture described in 
Table 1 and Fig. 1. Tubes were incu- 
bated 'at 30?C in a Dubnoff metabolic 
shaker. The reaction was stopped by 
immersing the tubes in boiling water 
for 5 minutes; carrier cyclic 3',5'-AMP 
was added, and, after purification, the 

specific activity of the cyclic nucleotide 
in each sample was determined by 
measuring its radioactivity with a liquid 
scintillation spectrometer and its optical 
density, at 260 m/z, with a spectropho- 
tometer. 

A study of the time course of the 
accumulation of cyclic 3',5'-AMP-14C 
in pineal homogenates incubated with 
ATP-14C indicated that cyclic 3',5'- 
AMP was formed rapidly and destroyed 
rapidly and that the rate of formation 
was enhanced by norepinephrine. For 
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Over the past several years there has 
been an accumulation of evidence which 
indicates that cyclic 3',5'-adenosine 
monophosphate (cyclic 3',5'-AMP) is a 
mediator of certain hormone-induced 

responses (1). The enzymes that catalyze 
the formation (adenyl cyclase) (2) and 
the hydrolysis (cyclic nucleotide phos- 
phodiesterase) (3) of cyclic 3',5'-AMP 
are widely distributed in mammalian 
and nonmammalian tissues. The evi- 
dence that catecholamines stimulate 
adenyl cyclase activity (4) suggests that 
in some tissues adenyl cyclase functions 
as a receptor for these amines. Since 

chronically denervated tissues are at 
least as responsive to catecholamines as 
innervated tissues are (see 5), adenyl 
cyclase must be situated distally to 
nerve endings if it is to qualify as such 
a receptor. Loss of adenyl cyclase ac- 
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Fig. 1. Effect of norepinephrine on adenyl cyclase activity of rat pineal gland. Rat 
pineal homogenates were assayed for adenyl cyclase activity by measuring radioactive 
cyclic 3',5'-AMP formed from 4C-ATP. (a) Each incubation tube contained: 
1 pineal, 1 fuc of ATP-8-14C (2 X 10-'M), and Mg++ (3 X 10-3M) in 100 ul of tris-HCl 
buffer (5 X 10-"M, pH 7.4). (b) Same as (a) except for the addition of theo- 
phylline (10-2M) to prevent the enzymic hydrolysis of cyclic 3',5'-AMP. Solid lines, 
without norepinephrine; dashed lines, with l-norepinephrine bitartrate (1 X 10-M). 
Each point represents one determination. 
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