
illustrated in Fig. 3. In Fig, 3A is a 
contour plot of the predicted response of 
an idealized neuron for visual stimuli 
occurring at different locations in head- 
centered coordinate space and viewed at 
different angles of gaze. For simplicity 
only one dimension, the vertical merid- 
ian, is considered. This contour plot was 
generated by multiplying a planar gain 
field, which is a sloping line in one 
dimension, by a receptive field approxi- 
mated by a Gaussian and whose center 
lies on the vertical meridian. The result- 
ing plot predicts that, within the range of 
eye positions considered, the cell will 
respond best when the stimulus occurs 
approximately 20" down in head-cen- 
tered space when the animal is also look- 
ing 20" down. The response profile is 
also elongated along a diagonal that cor- 
responds to the head-centered coordi- 
nate location of the center of the retinal 
receptive field at the different angles of 
gaze. A cell with no angle-of-gaze effect 
would have a gain of one at all eye 
positions; as a result it would have the 
same maximum response at every point 
along this diagonal and would not exhibit 
tuning for head-centered coordinate lo- 
cations. Figure 3B shows a contour plot 
of neural data for an actual neuron with 
gain and receptive field properties simi- 
lar to those of the cell modeled in Fig. 
3A. The similarity of the two plots, both 
in this case and for seven other neurons 
for which there were sufficient data to 
enable this type of analysis, indicates 
that a simple multiplication of the retinal 
receptive field by the gain field is suffi- 
cient to approximate the spatial tuning 
behavior of these neurons. 

These area 7a cells do not encode the 
spatial location of stimuli independent of 
eye position; however, computer simula- 
tions we have made show that such an 
eye position-independent response can 
be achieved by combining the activity of 
several neurons that have the same max- 
imum head-centered location responses, 
but for different optimum angles of gaze. 
Such a convergence may take place in 
the projection of area 7a onto another 
brain structure. However, since this in- 
formation already exists in the response 
of subpopulations of neurons in area 7a, 
it is likely that spatial locations are en- 
coded in the activity of groups of these 
neurons and may not require an addition- 
al step of convergence. 

Finally, there is the question of how 
space is represented topographically 
across area 7a. At present we do not 
have sufficient data to address this issue; 
one attractive possibility is that the 
space-tuned peaks of activity are or- 
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dered to form a systematic map of head- 
centered coordinate space across the 
tangential dimension of cortex. 
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Molecular Defects in a Human Immunoglobulin 
K Chain Deficiency 

Abstract. The molecular basis of a human immunoglobulin deficiency character- 
ized by the complete absence of K chains has been investigated by nucleotide 
sequence analyses of a patient's K constant region {C,) genes. Both of his C, genes 
had a single point mutation, resulting in the loss of the invariant tryptophan from one 
allele and of an invariant cysteine from the other allele. These results indicate that 
neither of the patient's C, alleles encoded a K chain that could form a stable 
intradomain disugde bond, although peculiarities in the expression of K chains in the 
patient's family suggest that other factors may be involved. 
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One case of complete absence of 
immunoglobulin (Ig) K chains (I) and a 
few cases of reduced expression of K 

chains have been reported in humans (2). 
We have studied the molecular basis of 
the absence of K chains in the completely 
K-deficient individual. As B lymphocytes 
bearing K chains could not be detected in 
this individual's blood or bone marrow, 
the defect did not seem to be due to an 
inability of K-expressing lymphocytes to 
mature to a secreting stage (I). We hy- 
pothesized that the cause of the deficien- 
cy could be deletions of or mutations in 
genes coding for Ig K chains; however, 
defects could also be in other genes that 
affect the expression of K chains, since 

serum from the K-deficient individual's 
sister contained a very low amount of K 

chains, and sera from his parents and 
other sibling had approximately normal 
amounts of K chains (I). We have investi- 
gated the cause of this case of K chain 
deficiency by nucleotide sequence analy- 
sis of both of the K constant region (C,) 
genes from the patient. Each C, gene 
had a different single point mutation, 
which resulted in the loss of the invariant 
tryptophan at amino acid position 148 
from one allele and one of the two invari- 
ant cysteines (at position 194) from the 
other allele, so that neither of his C, 
domains should be able to form stable 
intradomain disulfide bonds. 

To search for any gross rearrange- 
ments or large deletions in the patient's 
Ig K genes, genomic DNA from blood 
leukocytes (more than 95 percent of 
which do not produce Ig) from the pa- 
tient and his parents was analyzed by 
DNA blotting experiments (3). No differ- 
ences were detected among restriction 
fragments containing Ig C, or J, (J, join- 
ing) genes in the patient, his parents, and 
in normal human placenta, with three 
different restriction enzymes (Bam HI, 
Eco RI, and Bgl 11). To determine 
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Fig. 1. Restriction enzyme maps of the germ- 
line J,-C, segment and DNA sequencing strat- 
egy. (A) Map of J,-C, segment in normal 
humans (7) and in the K-deficient human. 
Mapping of the segment from the patient was 
done by blotting of genomic DNA and by 
restriction enzyme digestion of cloned DNA 
segments. (B) Expanded map of DNA seg- 
ment containing the C, gene and conserved 
region (KICR) present in one J,-C, allele 
cloned from the K-deficient human (gEV-4). 
The location of the point mutation at nucleo- 
tide position 1150, causing the conversion of 
Trp to Arg at amino acid residue 148, is 
indicated. Each arrow indicates the region 
sequenced in a separate dideoxynucleotide 
sequencing region, usually performed on dif- 
ferent MI3 clones. (C) Map and sequencing 
strategy (arrows) for the second C, segment 
cloned from the patient (gEV-3), containing a 
mutation at nucleotide position 1288, which 
converted the Cys at amino acid position 194 
to Gly. 

whether the patient had genes encoding 
the variable (V) regions of K chains, we 
annealed blots of genomic DNA from 
two B lymphoblastoid cell lines (LCL's) 
from the patient, produced by transfor- 
mation with Epstein-Barr virus (4), with 
a DNA fragment encoding a human V, 
gene (HK101) (5). No differences among 
the V, genes in these cells, in LCL's 
from a normal individual, and cells from 
a normal placenta were detected. To 
search for any abnormality in the genes 
encoding X chains which could cause X 
genes to be expressed rather than K 

genes, a blot of leukocyte DNA's from 
the patient and his parents was annealed 
with a human Cx gene segment (6). No 
differences from normal human placenta 
were detected. 

Because genomic DNA blotting ex- 
periments would not detect small dele- 
tions or sequence alterations, it was nec- 
essary to clone and sequence the pa- 
tient's K chain genes. We reasoned that 
the C, genes were probably the site of 
the mutations because humans have a 
single C, gene, whereas there are 5 J, 
and at least 25 to 50 V, gene segments (5, 
7, 8). It would be unlikely that all of the 
J, or V, gene segments were mutated. 

To obtain the germline J,-C, gene seg- 
ment from the patient, Bam HI frag- 
ments, 8 to 15 kilobase pairs (kb) long, 
were cloned from his leukocyte DNA in 
the A phage vector, L47.1 (9). Three 
isolates (gEV-2, gEV-3, and gEV-4) con- 
taining the J,-C, Bam HI fragment were 
obtained from 1 x lo6 recombinant 
phages. The 11.4-kb Bam HI inserts 
from these phages and the 11.4-kb Bam 
HI insert containing the normal human 
J,-C, gene segment appeared identical 
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normal germline se- 
quence differs from 
gEV-4, the normal 
germline sequence is in- 
dicated above the gEV- 
4 sequence (12-14). A 
indicates the absence of 
nucleotide at the corre- 
sponding position in the 
normal sequence. (B) 
The nucleotide se- 
quence of gEV-3 is 
identical to the gEV-4 
sequence, except 
where indicated below 
the gEV-4 sequence. 
The gEV-3 segment 
was not sequenced be- 
tween positions 705 and 
735 (- - -). The RNA 
splice site is indicated 
by 1 The six nucleo- 
tides identified by Ber- 
get (17) to be conserved 
at sites of polyadenyla- 
tion are boxed (posi- 
tions 1547 to 1552). The 
polyadenylation signal - .  

sequence (positions 
1526 to 1531) and the 24 
nucleotides (positions 
1138 to 1161) present in 
the synthetic oligonu- 
cleotide probe (Fig. 3) 
are underlined. Both 
the K alleles from the K- 

deficient human were 
of the Inv3 allotype as 
ordered by the encod- 
ing of alanine and va- 
line at amino acid posi- 
tions 153 and 191, re- 
spectively. 
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when digested with Eco RI, Sac I, Xho I, 
and Hind 111. Figure 1A shows a map of 
the germline J,-C, allele (8). 

The nucleotide sequence of the C, 
gene and flanking regions from gEV-4 
was determined by subcloning specific 
restriction fragments into M13 phage 
(mp8,9, 10, and 11) (lo), and sequencing 
by the dideoxynucleotide chain termina- 
tion method (11). Figure 1B is a diagram 
of the strategy and the region of gEV-4 
that was sequenced. Figure 2A shows 
the sequence. Only a few nucleotides 
differed between the gEV-4 sequence 
and the corresponding 1760 nucleotides 
from the normal germline J,-C, segment 
(12-14). Within the C, coding region, at 
position 1150 in Fig. 2, the T present in 
the normal sequence (12) has been re- 
placed by a C, resulting in the conver- 
sion of Trp at amino acid position 148 to 
Arg. This Trp is invariant in all normal C 
and V regions domains (at the corre- 
sponding amino acid position 35 or 36) 
from both heavy (H) and light (L) chains 
from all species studied, apparently be- 
cause it shields the intradomain disulfide 
bond, and is thus required for a stable 
intradomain disulfide bond and proper 
folding of the !g domains (15). The pres- 
ence of this point mutation may explain 
why one of the patient's C, alleles is 
nonfunctional. In addition to this muta- 
tion, we found an addition or subtraction 
of a single nucleotide and a deletion of 
five nucleotides in the 705-base pair (bp) 
Eco RI fragment located 5' to the C, 
gene (positions 209, 285, 453, 548, 551, 
and 958) (Fig. 2A); in these positions the 
sequence differed from that published by 
Emorine et al. (13) and unpublished re- 
sults of Kuehl(14). None of these differ- 
ences were located within the 125-bp 
conserved region (KICR), which seems 
to be a transcriptional activator (13, 16) 
(Fig. 2). Four other changes located 3' to 
the polyadenylation signal sequence AA- 
TAAA (positions 1526 to 1531) of the C 
gene are a loss of one nucleotide (posi- 
tion 1571), an addition of one nucleotide 
(position 15%), and an interchange of 
two nucleotides (positions 1650 and 
1652). None of these changes should 
cause the K deficiency, because they are 
not near splice junctions nor within re- 
gions that seem necessary for polyaden- 
ylation (17, 18). 

We then determined whether the two 
other J,-C, gene segments cloned from 
the K-deficient human also had the T to C 
transition within the codon for the invari- 
ant Trp or differed and were from the 
other K allele: DNA from the three 
recombinant phages was blotted and hy- 
bridized with a synthetic oligonucleotide 
probe complementary to the C, gene, 

with the mutated nucleotide of gEV-4 as 
a central nucleotide. The 24 nucleotides 
present in the probe are underlined (solid 
line) in Fig. 2A (positions 1138 to 1161). 
DNA from one of the two other clones, 
gEV-3, hybridized less well than DNA 
from clone gEV-4 did (lanes 3 and 4 in 
Fig. 3). Hae I11 fragments from the 2.7- 
kb Eco RI fragment containing the gEV- 
3 C, gene were subcloned into mp9 and 
10 (Fig. 1C) and sequenced (Fig. 2B). 
The C, gene segment in gEV-3 contained 
the invariant Trp, but had a different 
point mutation within the C,-coding re- 
gion. A G replaced the T at nucleotide 
position 1288, converting the invariant 
cysteine (Cys) at amino acid position 194 
to glycine (Gly). Since this Cys is utilized 

Fig. 3. (A) Agarose gel and (B) blot of DNA 
from recombinant A phage containing J,-C, 
segments. The blot was annealed with a 32P- 
labeled oligonucleotide containing the mutat- 
ed nucleotide present in the gEV-4 C, gene. 
Lanes 1 to 4 contain 7 ng of phage DNA, 
digested with Eco RI. Lane 1 contains DNA 
from phage with an insert of the normal J.-C, 
segment (12). Lanes 2 to 4 contain DNA from 
phage with inserts cloned from the K-deficient 
human: lane 2, gEV-2; lane 3, gEV-3; lane 4, 
gEV-4. Lane M contains A phage DNA digest- 
ed with Hind 111. The sizes of the fragments 
(in kilobase pairs) are indicated. The blot was 
annealed with 100 x 106 coundmin of oligo- 
nucleotide (100 to 200 ng), labeled with 32P (by 
polynucleotide kinase), in a solution contain- 
ing 50 percent formamide, 900 mM NaCl, 90 
mM sodium citrate, 0.6 mM disodium EDTA, 
1 mg yeast RNA per milliliter, 0.1 mg Esche- 
richia coli DNA per milliliter, and 0.02 per- 
cent each of bovine serum albumin, Ficoll, 
and polyvinyl pyrrolidine for 4 days at 42OC. 
The blot was washed in a mixture of 0.1 
percent sodium dodecyl sulfate and 2 x  SSPE 
(SSPE = 150 mM NaCl, 1 mM disodium 
EDTA, and 10 mM phosphate, pH 6.8) at 
room temperature, then in 0.1 X SSPE at 50°C 
for 1.5 hours, with a final wash in 0.1 x SSPE 
at 56°C for 30 minutes. The blot was exposed 
to XAR film for 7 days. The 2.7-kb fragments 
containing the C, gene detected by the oligo- 
nucleotide probe do not show in the photo of 
the ethidium bromide-stained gel (A) because 
of the small amount of phage DNA loaded. 

in the formation of the intradomain disul- 
fide bond, this mutation would prevent 
the correct folding of any K chain pro- 
duced from this C gene. As in gEV-4, the 
remainder of the region from this allele 
that was sequenced was essentially iden- 
tical to that present in a normal human, 
except for small changes in regions that 
should not affect the function of the C, 
gene. The sequence of the 705-bp Eco RI 
fragment located 5' to the C, coding 
region was identical to the sequence of 
this fragment in a normal human (13,14), 
except for five single nucleotide inser- 
tions or deletions (Fig. 2B). None of 
these alterations occurred within the 
125-bp conserved region within this frag- 
ment. Three of these differences were 
also present in gEV-4 (positions 209, 
285, and 453), but those at positions 545 
and 548 occurred only in gEV-3. In the 
region of the intervening sequence locat- 
ed 3' to the 705-bp Eco RI fragment, 
three single nucleotide insertions relative 
to the normal germline sequence (12) 
were identified (positions 897, 899, and 
900). In the region 3' to the site of 
polyadenylation, which probably occurs 
at position 1547 (17, 18), two single nu- 
cleotide differences (also seen in gEV-4) 
occurred at positions 1571 and 15%. 

The complete lack of K chains within 
this individual is apparently explained by 
a single different point mutation in each 
of his C, alleles, each of which mutates 
an amino acid required for formation of 
the intradomain disulfide bond. These 
mutated C, alleles were probably inherit- 
ed from his parents and not caused by a 
mutation occurring during formation of 
the embryo, because an older sibling had 
very low levels of K chain expression (1). 
This finding and the virtually normal K to 
X ratio in the Ig's of his parents (1) lead 
to the conclusion that additional genes or 
environmental factors may influence the 
expression of K genes in this family. 
Furthermore, we would have expected 
that the two mutations would have a 
similar phenotype in the heterozygous 
form, each reducing the probabil- 
ity of producing a functional K chain by a 
factor of 2. Additional studies of K genes 
in the parents are required to address 
this question. 

The only known example of a genetic 
K-deficiency in a nonhuman mammal is 
found in the Basilea strain of rabbits (19). 
These rabbits express small amounts of a 
K chain whose C domain has lost the Cys 
normally utilized in the formation of a 
disulfide bond between the V and C 
domains of rabbit K chains (20). Al- 
though rabbits of other strains ,atso ex- 
press this same C, domain, it constitutes 
only a small portion of their K chains. 
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Patterns of Growth Hormone-Releasing Factor and Somatostatin For an unknown reason K chains con- 
taining the Cys required for forming in- 
terdomain disulfide bonds are not ex- 
pressed in the Basilea strain of rabbits 
(20). 

Onlv a few cases of K deficiency in 
humans have been reported, perhaps be- 
cause K deficiency does not have a dras- 
tic effect on the health of the individual- 
A chains seem able to substitute effec- 
tively. The K-deficient patient's immune 
response to a variety of antigens was 
normal (I). Furthermore, mice made K- 

deficient by injection of antibodies to K 

since birth mounted normal secondary, 
but defective primary, responses, sug- 
gesting that A chains can substitute for K 

chains after diversification by somatic 
mutation (21). 
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Secretion into the Hypophysial-Portal Circulation of the Rat 

Abstract. The interrelation between the secretion of two hypophysiotropic pep- 
tides, growth hormone-releasing factor (GRF) and somatostatin (SRZF), in the 
generation of episodic growth hormone (GH) secretion was inferred from direct 
measurements of immunoreactive GRF and immunoreactive SRZF concentrations in 
the hypophysial-portal plasma of the rat. Secretion of immunoreactive GRF was 
found to be episodic, with maximal concentrations present during periods of 
expected GH secretory episodes. Secretion of immunoreactive GRF was accompa- 
nied by a moderate reduction in portal plasma levels of immunoreactive SRZF. 
Passive immunoneutralization of SRZF was associated with increased concentra- 
tions of immunoreactive GRF in hypophysial-portal plasma. On the basis of these 
observations, it appears that each GH secretory episode is initiated by pulsatile 
secretion of immunoreactive GRF into the portal circulation, which is preceded by or 
is concurrent with a moderate reduction of inhibitory tone provided by portal 
immunoreactive SRZF. These experiments provide direct insights into central and 
adenohypophysial mechanisms by which GRF and SRZF interact to generate 
episodic secretion of GH. 

PAUL M. PLOTSKY 
WYLIE VALE 
Clayton Foundation Laboratories for 
Peptide Biology, Salk Institute, 
La Jolla, California 92037 

Spontaneous secretion of growth hor- 
mone (GH) in the rat (I) and other spe- 
cies (2) is characterized by episodic, 
high-amplitude bursts separated by 
troughs of low-level secretion through- 
out each 24-hour period. The hypotha- 
lamic regulation of GH secretion appears 
to be mediated by two peptides, a recent- 
ly identified stimulatory factor, growth 
hormone-releasing factor (GRF) (3), and 
an inhibitory peptide, somatostatin 
(SRIF) (4). These factors reach the ante- 
rior pituitary gland via the hypophysial- 
portal circulation after release from 
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Fig. 1. Representative examples of GH secre- 
tory patterns in rats anesthetized with (A) 
pentobarbital, (B) urethan, or (C) ketamine: 
xylazine (see text for details). 

nerve endings in the zona externa of the 
median eminence (5). The central and 
adenohypophysial mechanisms by which 
GRF and SRIF interact to generate epi- 
sodic secretion of GH are not well under- 
stood. 

Removal of the inhibitory influence of 
SRIF by passive immunoneutralization 
(6),  electrolytic lesion of regions rich in 
SRIF perikarya (3, or hypothalamic cuts 
(8) increases the trough levels of GH. 
Withdrawal of exogenous SRIF is ac- 
companied by rebound secretion of GH 
(9). Thus SRIF is a component of the 
dynamic GH release mechanism. Analy- 
ses of hypothalamic secretion of immu- 
noreactive SRIF, based on the use of 
intracerebral push-pull perfusion sam- 
pling (10) and hypophysial-portal collec- 
tion (11) techniques, have failed to con- 
vincingly establish the secretory dynam- 
ics of endogenous SRIF. To our knowl- 
edge, neither in vitro nor in vivo studies 
of GRF secretion have been reported. 
However, Wehrenberg et al. and others 
(12) have demonstrated blockade of epi- 
sodic, but not of trough, GH secretion by 
passive immunoneutralization with spe- 
cific antisera to synthetic GRF. This 
body of observations has led to the de- 
velopment of several hypothetical mod- 
els of the GH regulatory process (13). 

Our experiments were designed to 
probe the nature of hypophysiotropic 
regulation of GH secretion from the ade- 
nohypophysis. Participation of GRF and 
SRIF in the generation of episodic GH 
secretory patterns was inferred from 
changes in the hypophysial-portal con- 
centrations of these peptides. Male rats 
(325 to 375 g) of the Sprague-Dawley 
strain (Charles River) were anesthetized 
with urethan (1.1 g per kilogram of body 
weight, intraperitoneally), pentobarbital 
(30 mglkg intraperitoneally), or a mixture 




