
specific but feeds on a variety of scale 
insects. One wonders also whether a de- 
fensive role can be assigned to the many 
anthraquinones from plants (3). Inter- 
esting in this connection is the claim that 
anthraquinones in the heartwood of teak 
offer some protection against termites 
(24). 
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Esterase D (E.C. 3.1.1.1) is an enzyme 
found in most human tissues but whose 
biological function is unknown. Its rela- 
tive specificity for methylumbelliferyl es- 
ters as substrates and its electrophoretic 
mobility distinguish it from other ester- 
ases. Electrophoretic polymorphism for 
esterase D results from two common al- 
leles, types 1 and 2. Somatic cell hybrid- 
ization studies have assigned the genetic 
locus for this enzyme to chromosome 13 
(1, 2). With development of a quan- 
titative assay for esterase D, we have 
been able to evaluate the regional assign- 
ment of this locus by analyzing both the 
qualitative and quantitative expression 
of this enzyme in five patients from unre- 
lated families with structural abnormal- 
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ities of chromosome 13 (Table 1); four of 
the patients have a specific eye tumor, 
retinoblastoma, associated with partial 
deletions of the long arm of one chromo- 
some 13. 

Chromosome analyses were carried 
out by standard techniques; family 4 was 
also studied by the high-resolution band- 
ing technique with amethopterin cell 
synchronization (3). Electrophoresis of 
esterase D was performed according to a 
modification of the method described by 
Hopkinson et al. (4). For esterase D ac- 
tivity, the fluorescent method described 
by Sparkes et al. (5) was used. Normal 
enzyme activities have been found for 
patients who have retinoblastoma and 
normal chromosomes; age-matched con- 
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Fig. 1. The G-banded chromosomes 13 from the five probands. The number under each chromo- 
some pair refers to the proband (Table 1). Arrows to the left of the normal chromosomes 13 
identify the deleted or duplicated segment of the abnormal chromosomes. The diagram to the 
right summarizes these chromosome changes and shows the shortest region of overlap (middle 
of band q14). 
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Regional Assignment of Genes for Human Esterase D and 

Retinoblastoma to Chromosome Band 13q14 

Abstract. The expression of human esterase D was evaluated quantitatively and 
qualitatively in five persons with partial deletions or duplications of chromosome 13. 
The results showed that the locus of this enzyme is at band 13q14. Deletion of this 
same band in other subjects has been found previously to indicate a predisposition to 
the development of retinoblastoma, which was present in the four individuals in this 
study who had partial deletions of chromosome 13. Because of this close synteny, 
esterase D evaluation should aid in the diagnosis and genetic counseling of reti- 
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trols for the patients described below; 
and for patients with another chromo- 
some abnormality, trisomy 21. Esterase 
D activities in normal red blood cells are 
68.9 + 6.7 (1 standard deviation) units, 
and a range of 24.5 to 32.5 units has been 
found in six normal fibroblast cultures. 

The proband of family 1, a female, has 
mild mental retardation, short stature, 
retinoblastoma, no dysplastic features, 
and a deletion of chromosome segment 
13q14 -> q22 (6) (Fig. 1). Her esterase D 
activity is approximately half the normal 
level (Table 1), which is compatible with 
hemizygous expression of the enzyme 
and assignment of its genetic locus to the 
deleted segment, 13q14 -- q22. 

The proband of family 2, a female, is 
developmentally mildly retarded; her 
developmental quotient at 9 months of 
age was estimated to be 75 to 80. Her 
only other abnormality was retinoblas- 
toma of the left eye. She showed chromo- 
some mosaicism of the type 46,XX/ 
46,XX,del(13)(q14 - q22) in cultured 
lymphocytes, while the fibroblast culture 
demonstrated only the partial deletion 13 
(Table 1). This proband showed hetero- 
zygous expression of esterase D in red 
blood cells (electrophoretic type 2-1) and 
the total esterase D activity was normal. 
In contrast, the fibroblasts showed half 
normal enzyme activity compared to a 
normal fibroblast culture and expression 
of only allele type 2, suggesting that an 
allele (type 1) has been lost in the 
chromosome deletion (q 14 - q22) (Ta- 
ble 1). 

The proband of family 3 is a male, 
whose defect was ascertained during a 
cytogenetic survey of patients with reti- 
noblastoma (7); he is patient 3 in that re- 
port. When he was 4 months of age he 
was diagnosed as having a unilateral reti- 
noblastoma, which was successfully 
treated. He is an attractive boy with 
short stature, frontal cranial promi- 
nence, a long face, large ears, epicanthal 
folds, a high arched palate, and an I.Q. 
estimated at 70. His chromosome analy- 
sis revealed a deletion of the q12 -- q14 
region of one chromosome 13. His ester- 
ase D activity is half normal which is 
compatible with the esterase locus being 
in the deleted part, q12 -> q14. 

Family 4 was previously described by 
Yunis and Ramsay (8). The proband, a 
female, has bilateral retinoblastoma and 
a small deletion of chromosome 13 which 
involves the middle of band q14(14.2). 
Since it was estimated that approximate- 
ly half of band ql4 is missing, the adja- 
cent subbands ql4.1 and ql4.3 may be 
partially deleted also. Assay of esterase 
D (Table 1) shows the proband with half 
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Table 1. Chromosome and esterase D findings in five families with chromosome 13 abnormal- 
ities. The esterase D activity in red blood cells (RBC) is expressed as 10-7 mole of methyl- 
umbelliferyl acetate metabolized per hour per gram of hemoglobin. Activity in fibroblasts is 
expressed as 10-7 mole of methylumbelliferyl acetate metabolized per hour per gram of pro- 
tein. 

Esterase D 
Fam- Relation Chromosome findings Electro- Act 

phoresis ity 

1 Proband 46,XX,del(13)(ql4-^-q22) RBC 1-0* 33.4 
Mother 46,XX,inv(13)(ql2-*q22) RBC 1-1 71.4 
Father 46,XY RBC 1-1 64.5 

2 Proband 46,XX,del(13)(ql4--q22)t Fibroblasts 2-0* 11.2$ 
RBC 2-1 59.5 

Mother 46,XX RBC 2-1 60.9 
Father 46,XY RBC 2-1 53.8 

3 Proband 46,XY,del(13)(ql2--q14) RBC 1-0* 38.4 
Mother 46,XX RBC 1-1 68.2 
Father 46,XY RBC 2-1 67.3 

4 Proband 46,XX,del(13)(ql4) RBC 1-0* 30.8 
Mother 46,XX RBC 1-1 61.4 
Father 46,XY RBC 1-1 62.1 

5 Proband 47,XY,+ 13(pter->q12) RBC 1-1 71.0 
Mother 46,XX,t(13;22)(q12;ql3) RBC 1-1 79.7 

*The interpretation of the electrophoretic patterns as 1-0 or 2-0, rather than 1-1 or 2-2, is based upon reduced 
activity as seen by both electrophoresis and quantitative assay of the enzyme. See Fig. 2 for examples of the 
esterase D electrophoresis. tPeripheral blood lymphocyte culture showed 13 normal cells and 17 with the 
partial deletion 13q12--14. Twenty-six metaphases from cultured fibroblasts were analyzed and all of them 
showed the partial deletion. $Activity from a normal fibroblast culture grown and processed simultane- 
ously gave an activity of 25.9 and electrophoretic type 2-1. 

the activity found in the parents, 
have normal activity. These findings 
gest the esterase D locus is in the mi 
of band q14. 

The proband of family 5, a male, 
short stature, short neck, shield-sh; 
chest, and mental retardation. He h 
partial duplication for the proximal 
tion of chromosome 13 (13pter--- 

D 

1 2 3 4 5 

Fig. 2. Electrophoretic patterns of estera, 
0 is the origin; D refers to the estera, 
bands. The esterase D phenotypes for 
channels are: 1, type 2-1; 2, type 1-0; 3, 
1-1; 4, type 2-0; and 5, type 2-2. 

who resulting from a 13/22 translocation in 
sug- the mother (9). The esterase D results 
iddle are compatible with normal enzyme ex- 

pression, while a patient with full tri- 
has somy 13 used as a control showed ap- 

aped proximately 1.5 times the normal en- 
las a zyme activity (10). These results suggest 
por- that the esterase D locus is not located in 
q12) the 13pter-- q12 region. 

Taken together the results from these 
five families are mutually compatible 
and, on the basis of a gene dosage effect, 
suggest regional mapping of the esterase 
D locus to band 13q14 (Fig. 1 and Table 
1). 

Robson et al. (11) reported linkage 
analysis between esterase D and chro- 
mosome 13 short arm variants and be- 
tween esterase D and the centromere of 
chromosome 13. They did not demon- 
strate close linkage and concluded that 
the esterase D locus is excluded from the 
proximal region of the long arm of 
chromosome 13, including "roughly the 
ql region." Because band 13q14 is near 
the distal end of the ql region and be- 
cause their exclusion is not precise (11), 
our assignment of the esterase D locus to 
13q14 may not be inconsistent with their 
findings. 

- 0 Gray et al. (12) described hetero- 
zygous expression of esterase D in an 
individual with deletion of 13q21 -- 

se D; 13q31, thus excluding the locus from this 
se D 
sthe region. Based upon the earlier findings of 

type Robson et al. (11), Gray and colleagues 
(12) concluded that assignment to 13q32 
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or 13q33 seemed most likely. Turleau et 
al. (13) found heterozygous expression 
of esterase D in a patient with deletion of 
13q33 and 13q34, which excludes the 
locus from this region. The results of 
these three earlier studies are not incon- 
sistent with our assignment of the es- 
terase D locus to band 13q14. 

Retinoblastoma has served as the pro- 
totype model for hereditary human tu- 
mors. Thus, our finding that the esterase 
D locus maps in the same band (q14) that 
is responsible for predisposition to reti- 
noblastoma (7, 8) is important. Because 
esterase D is a polymorphic genetic 
marker, we now have the opportunity to 
determine if there is a single retino- 
blastoma mutation in the familial form 
and if the point mutations differ from the 
chromosome deletion form of reti- 
noblastoma in the locus involved. If 
close linkage is demonstrated in the 
dominantly inherited cases, esterase D 
determination in appropriate families 
could be used for genetic counseling, 
probably including prenatal diagnosis, as 
well as for identification of persons at 
risk of developing retinoblastoma. This 
could allow an early diagnosis to be 
made and permit early institution of 
treatment. 

The close synteny of the esterase D 
locus and retinoblastoma may also per- 
mit the presumptive identification of a 
chromosome deletion too small to be de- 
tected by cytogenetic techniques in some 
patients with retinoblastoma. This would 
be an interesting application of human 
gene mapping as an aid to chromosome 
analysis. 
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products of the pituitary corticotroph 
cell are initially synthesized as parts of a 
common precursor prohormone-pro- 
adrenocorticotropin (ACTH) / endorphin 
(1). The amino terminal region of this 
precursor has been designated the 16K 
fragment (apparent molecular weight, 
16,000) (2, 3) and it includes a melano- 
tropin (MSH)-like sequence (y-MSH) 
which is partially homologous with the a- 
and /3-MSH segments of the same pro- 
hormone (4). No physiological activity 
for either the 16K fragment itself or any 
derivative of it has been described. 
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A peptide consisting of y-MSH with a 
carboxyl terminal extension of 15 addi- 
tional residues has been synthesized (5) 
based on the amino acid sequence of pro- 
ACTH/endorphin from the intermediate 
lobe of bovine pituitary (4). We report 
that this peptide, denoted y3-MSH, stim- 
ulates the activity of adrenocortical cho- 
lesterol ester hydrolase and is capable of 
synergistically potentiating ACTH-stim- 
ulated corticosterone and aldosterone 
biosynthesis in the hypophysectomized 
rat. 

Female Sprague-Dawley rats (Holtz- 
man) weighing 160 to 180 g were individ- 
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Table 1. Response of rat adrenocortical glands to y3-MSH injected intravenously 7 minutes 
before the animals were killed. The experiments and serum steroid determinations were per- 
formed as described in the text and the legend to Fig. 1. The adrenal glands were rapidly enu- 
cleated in situ to eliminate zona glomerulosa and tissue, and the glands from animals in each 
group were then pooled. The mitochondrial and 105,000g supernatant fractions were prepared 
by differential centrifugation (16) for determination of cholesterol side-chain cleavage (16) and 
cholesterol ester hydrolase (8) activities, respectively. Protein was measured by the method of 
Bradford (17). Comparison of serum steroid results between groups was performed by analysis 
of variance; N = 5 for all groups. Enzyme activities were measured in triplicate or qua- 
druplicate. 

Peptide given (ng) Concentration in serum of Enzyme activity 
(nmole/min-mg protein)t 

Group Corti- Aldos- Cholesterol Cholesterol 
ACTH(1-24) y3-MSH costerone terone ester side-chain 

(gg/dl)* (ng/dl)* hydrolase cleavage 

A 2.2 ? 0.3 0.7 ? 0.2 1.54 + 0.06 0.34 ? 0.24 
B 10(1 mU) 26.9 ? 2.8 10.5 ? 2.2 1.62 ? 0.11 1.58 + 0.32 
C 10 3.7 ? 1.0 2.8 ? 0.4 2.01 + 0.15 0.41 + 0.14 
D 10 10 63.0 ? 1.7t 66.6 ? 4.8t 2.19 ? 0.07 3.05 + 0.34 

*Mean ? standard error. tMean + 2 standard deviations. SP < .01 compared with groups B and C. 

Table 1. Response of rat adrenocortical glands to y3-MSH injected intravenously 7 minutes 
before the animals were killed. The experiments and serum steroid determinations were per- 
formed as described in the text and the legend to Fig. 1. The adrenal glands were rapidly enu- 
cleated in situ to eliminate zona glomerulosa and tissue, and the glands from animals in each 
group were then pooled. The mitochondrial and 105,000g supernatant fractions were prepared 
by differential centrifugation (16) for determination of cholesterol side-chain cleavage (16) and 
cholesterol ester hydrolase (8) activities, respectively. Protein was measured by the method of 
Bradford (17). Comparison of serum steroid results between groups was performed by analysis 
of variance; N = 5 for all groups. Enzyme activities were measured in triplicate or qua- 
druplicate. 

Peptide given (ng) Concentration in serum of Enzyme activity 
(nmole/min-mg protein)t 

Group Corti- Aldos- Cholesterol Cholesterol 
ACTH(1-24) y3-MSH costerone terone ester side-chain 

(gg/dl)* (ng/dl)* hydrolase cleavage 

A 2.2 ? 0.3 0.7 ? 0.2 1.54 + 0.06 0.34 ? 0.24 
B 10(1 mU) 26.9 ? 2.8 10.5 ? 2.2 1.62 ? 0.11 1.58 + 0.32 
C 10 3.7 ? 1.0 2.8 ? 0.4 2.01 + 0.15 0.41 + 0.14 
D 10 10 63.0 ? 1.7t 66.6 ? 4.8t 2.19 ? 0.07 3.05 + 0.34 

*Mean ? standard error. tMean + 2 standard deviations. SP < .01 compared with groups B and C. 

0036-8075/80/0530-1044$00.50/0 Copyright ? 1980 AAAS 0036-8075/80/0530-1044$00.50/0 Copyright ? 1980 AAAS 

Pro-Adrenocorticotropin/Endorphin-Derived Peptides: 
Coordinate Action on Adrenal Steroidogenesis 

Abstract. A synthetic peptide, representing a portion of the 16K (16,000 dalton)- 
fragment sequence within the pro-adrenocorticotropinlendorphin precursor mol- 

ecule, potentiates the steroidogenic action of the 1 to 24 portion of adrenocorti- 

cotropin [ACTH(1-24)] on the rat adrenal cortex. The peptide has 27 amino acid 
residues and consists of y-melanotropin with a carboxyl terminal extension. It affects 
both the inner and outer adrenocortical zones of hypophysectomized animals, as 
evidenced by a synergistic augmentation of corticosterone and aldosterone produc- 
tion, respectively. The peptide can be distinguished from adrenocorticotropin by its 
activation of cholesterol ester hydrolase and its failure to stimulate cholesterol side- 
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