
scanner-photorecorder. Control of the 
processing of the film has indicated that 
a high degree of stability exists between 
the film records. A transfer character- 
istic from such a negative to the photo- 
metric target is shown in Fig. 23. The 
latitude of the film (SO-337) is so great 
that the entire video transfer character- 
istic may be recorded on the linear por- 
tion of the film. 

As a preliminary check on the use 
of the camera as a photometer, the 
scene luminance was measured for parts 
of the lunar surface surrounding the 
pad upon which the photometric target 
was mounted. By fitting the measured 
scene luminance to the photometric 
function derived from the telescopic 
measurements of Fedorets (5), an esti- 
mate of 7.7 percent for the normal al- 
bedo was derived for the parts of the 
surface that appeared to be undisturbed 
by the pad (Fig. 9); the estimated al- 
bedo for the disturbed areas was about 
2 percent lower. In general, the terrain 
exhibits the gross luminance values ex- 
pected from the telescopically deter- 
mined average of the photometric func- 
tion of the maria. As further data are 
obtained in the lunar afternoon, the 
local normal albedo can be determined 
more precisely. 

The light scattered from the space- 
craft is a particular problem in evalu- 
ating the luminance of the lunar sur- 
face. Areas in the immediate vicinity 
of the spacecraft (within 2 m) are partly 
illuminated by light scattered from the 
spacecraft, especially at low Sun angles. 
The contribution of light from the 
spacecraft fills in the shadows to such 
a degree that an additional photometric 
target mounted on the B omniantenna 
was clearly discernible when the chart 
was averted from Sun. 

Several color surveys were made with 
the three filters, beginning the 3rd day 
after touchdown; their main purpose 
was to ascertain whether or not there 
are color differences in the vicinity of 
the spacecraft; the data so obtained per- 
mit estimates to be made of the spectral 
reflectances. Again, to check and main- 
tain the calibration of the camera-filter 
combination, the photometric target was 
observed with each filter before and 
after the survey (Fig. 15). Preliminary 
examination of the prominent mottled 
rock lying just southwest of the space- 
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Much more careful processing of the 
video data is necessary before subtle 
color differences can be measured. 

Lunar Surface Electrical Properties 

Five days after the touchdown of 
Surveyor I, the radar signal-strength 
data were still under detailed analysis 
to determine the average radar cross 
section in the vicinity of the landing 
site. The radar frequencies used by the 
spacecraft were 9300, 12,900, and 13,- 
300 Me/sec. If it proves possible to de- 
duce the effective reflectivity, effort will 
be made to calculate some of the elec- 
trical characteristics of the lunar sur- 
face. No conclusions, however, are yet 
warranted. 
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lack of activity of the enzyme cysta- 
thionine synthase in the liver. This 
enzyme, which is normally present both 
in liver and in brain (2), condenses 
homocysteine and serine to form cysta- 
thionine. Homocystinurics show, at 
autopsy, an absence or virtual absence 
of cystathionine from the brain (3), 
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and presumably cystathionine synthase 
activity is greatly reduced in their brain 
cells as well as in their livers. 

Since in homocystinurics the major 
known degradative pathway of methio- 
nine metabolism is blocked at the step 
of cystathionine synthesis, these patients 
develop abnormally high blood and tis- 
sue concentrations of methionine and 
homocysteine, and both amino acids 
overflow into the urine. However, the 
total amounts of these sulfur amino 
acids and their known metabolites ex- 
creted in the urines of homocystinurics 
account for only a fraction of that por- 
tion of the daily dietary intake of 
methionine which is not utilized in pro- 
tein synthesis (4). We have, there- 
fore, searched for other ninhydrin-re- 
active, sulfur-containing metabolites in 
the urines of homocystinuric children 
in an effort to explain this discrepancy. 
We have identified one such metabolite 
as 5-amino-4-imidazolecarboxamide-5'- 
S-homocysteinylriboside (5). We now 
report tentative identification of an- 
other urinary metabolite as homolan- 
thionine (I), a higher homolog of cysta- 
thionine (II). 

HOOCCHCH2CH2SCH,CH2CHCOOH 
I lI 

NH2 NH2 
I 

HOOCCHCH2CH2SCH.CHCOOH 

II 
I'NHX X2 NH2 

A urine specimen containing 100 mg 
of creatinine was obtained from a 4- 
year-old mentally defective homocysti- 
nuric girl (D.S.). It was concentrated 
to a small volume by lyophilization, 
and the concentrate was applied to 
the surface of a column (45 by 2.16 
cm) of Dowex 50 X 8, buffered with 
pyridine acetate at pH 3.50 (0.1M in 
pyridine). The same buffer was then 
pumped through the resin column at 
a flow rate of 50 ml per hour and at 
50?C, and 10-ml fractions of effluent 
were collected. Appropriate fractions 
were pooled, and the volatile buffer was 
removed under reduced pressure on a 
rotary evaporator. On subsequent pa- 
per chromatography, the zone between 
670 and 730 ml effluent volume con- 
tained a ninhydrin-positive compound 
which reacted positively to the chloro- 
platinate spray reagent (6). The un- 
known compound failed to react to 
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methanolic NaOH. These reactions sug- 
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Table 1. Homolanthionine concentration (mi- 
cromoles per gram of creatinine) in the urines 
of seven homocystinuric children from three 
unrelated families. 

Patient Age Homolanthionine 
(yr) (Amole/g) 

D. S. 4 140 
Cr. S. 8/12 135 
T. C. 10 104 
E. C. 9 93 
R. B. 17 67 
S. B. 13 78 
J. B. 11 81 

gested that the compound was a thio- 
ether. The unknown compound was 
separated from other substances present 
in the effluent zone by chromatography 
on paper in two different solvents, and 
approximately 1 mg of chromato- 
graphically pure unknown was ob- 
tained. 

The purified urinary compound has 
been tentatively identified as homolan- 
thionine on the basis of the following 
criteria. Its mobility (RF) was identical 
to that of authentic L-homolanthionine 
when chromatographed on paper in 
each of five different solvents. The RF 
values were as follows: 0.18 in a mix- 
ture of pyridine, acetone, ammonium 
hydroxide, and water (45:30:5:20); 0.14 
in a mixture of isopropanol, formic 
acid, and water (75:12.5:12.5); 0.14 in 
a mixture of n-butanol, acetic acid, and 
water (12:3:5); 0.11 in a mixture of 2- 
methyl-3-butyn-2-ol, formic acid, and 
water (75:5:20); 0.02 in a mixture of 
isopropanol, ammonium hydroxide, 
and water (8:1:1). 

When the compound isolated from 
urine and authentic homolanthionine 
was chromatographed on the short 
column of the Technicon amino acid 
analyzer, in the buffer gradient system 
for protein-hydrolyzate analysis (7), 
both were eluted as single peaks 5 
minutes after norleucine. When chro- 
matographed on a long column (127 
cm) on the analyzer, with the buffer 
system recommended by Efron (8), 
the urinary compound and authentic 
homolanthionine both were eluted as 
single peaks 14.5 minutes before nor- 
leucine. When sulfur was removed from 
the urinary compound and authentic 
homolanthionine with Raney nickel (9), 
in each case only one amino acid that 
did not contain sulfur was produced. 
This was a-aminobutyric acid as shown 
by paper chromatography and its char- 
acteristic elution time on the amino 
acid analyzer. 
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Removal of sulfur with Raney nickel 
should yield a-aminobutyric acid alone, 
not only from homolanthionine but 
also from two other closely related 
thioethers, fl,fl-dimethyllanthionine and 
,8-methylcystathionine. These two com- 
pounds were not available for compari- 
son by paper and ion-exchange chro- 
matography with the substance isolated 
from homocystinuric urine. It is most 
unlikely that the urinary compound 
could be fl,fl-dimethyllanthionine, since 
this thioether is not a derivative of 
homocysteine. The possibility does exist 
that the urinary compound might be 
p-methylcystathionine, the thioether 
which would result from a conden- 
sation of homocysteine and threo- 
nine. 

The optical rotatory dispersion curves 
of the urinary compound and of au- 
thentic L-homolanthionine were very 
similar when measured in aqueous solu- 
tion in a Jasco Model ORD/UV-5 in- 
strument at wavelengths between 208 
and 240 mt. Due to the very small 
amounts of authentic L-homolanthio- 
nine and of the purified urinary com- 
pound available, aqueous solutions were 
too dilute to yield measurable values at 
wavelengths greater than 240 me. For 
authentic L-homolanthionine [a] 213-31 

was 2020, and it was 1800 for the 
compound isolated from urine. These 
observations are consistent with the 
identification of the latter as L-homolan- 
thionine. Final proof that the urinary 
compound is L-homolanthionine must 
await a synthesis of p-methylcysta- 
thionine and a demonstration that this 
substance has different chromatographic 
or optical rotatory properties from the 
compound we have isolated from homo- 
cystinuric urine. 

A search was then made for ho- 
molanthionine in the urines of seven 
homocystinuric children by means of 
chromatography on the amino acid 
analyzer. It was necessary to use the 
short-column system (7) when the 
original urines were chromatographed, 
since in the long-column system (8) 
homolanthionine emerges at the same 
point as leucine, which is normally 
present in small amounts in urine. The 
patients belonged to three unrelated 
families, and the clinical details have 
been described (10). Each of the seven 
homocystinurics excreted presumed 
homolanthionine in quantities varying 
from about 0.07 to 0.14 mmole per 
gram of creatinine (Table 1). 

The only other occurrence of ho- 

molanthionine in a living system was 
reported by Huang (9), who found that 
this amino acid was accumulated by 
cells of a methionine-requiring mutant 
of Escherichia coli. He isolated L-ho- 
molanthionine from the fermentation 
broth of submerged cultures of this 
mutant, and considered it a by-product 
formed by the cells from L-homocys- 
teine and L-homoserine, as a result of 
an enzymatic block preventing the nor- 
mal synthesis of methionine from 
homocysteine. 

Homolanthionine presumably is 
formed in human homocystinuria by a 
condensation of homocysteine and ho- 
moserine, analogous to the condensa- 
tion of homocysteine and serine to form 
cystathionine occurring in normal in- 
dividuals. Possibly a second condensing 
enzyme is present in man, with homo- 
lanthionine formation taking place only 
when tissue concentrations of homo- 
cysteine become abnormally high. An 
attractive alternative is that homocysti- 
nurics do not suffer from !an absence of 
cystathionine synthase, but rather have 
an altered form of the enzyme which 
has greater activity for presence of 
homoserine than for serine, its normal 
substrate. 

If homolanthionine results from the 
condensation of homocysteine and 
homoserine, the source of the latter re- 
quires explanation. Homoserine is 
formed as an intermediate in the bio- 
synthesis of threonine from aspartic 
acid in bacteria and plants, but not in 
mammalians. There is evidence, how- 
ever, for the formation of a-keto-y- 
hydroxybutyric acid from pyruvate and 
formaldehyde in mammalian liver, and 
transamination of this a-keto acid 
would result in the production of ho- 
moserine (11). 
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Lysosomal Nature of 

Juxtaglomerular Granules 

Abstract. Demonstration by a com- 
bined histochemical and electron-micro- 
scopic technique of the ultrastructure 
of and acid phosphatase within the 

juxtaglomerular granules in kidneys of 
normal man and rat and in those from 
members of both species with renal 
hypertension indicate the identity of 
juxtaglomerular granules as lysosomes. 

Hypertension produced by decreased 
or altered renal blood flow is associated 
with an increase in pressor substance in 
the kidneys and blood (1). Correlation 
of renal pressor activity with the num- 
ber of granules in renal juxtaglomerular 
cells (JGC) (2), identification of renin 
by immunofluorescence (3), and the lo- 
cation of pressor activity in juxtaglom- 
erular granules (JGG) (4) suggest that 
renin is associated with JGG. Although 
the function of the JGC is influenced 
by blood volume, by electrolyte con- 
centrations, and perhaps by cells of the 
macula densa of the distal nephron 
(and unmyelinated nerve fibers within 
this cellular complex, little is known 
concerning the synthesis or release of 
renin. 

Study of the ultrastructure of JGC 
of ischemic renal tissue obtained by 
needle biopsy from six patients with 
renal hypertension, and from a similar 
number of rats after unilateral renal 
artery constriction (5), revealed abun- 
dant electron-opaque JGG enclosed 
within solitary, smooth limiting mem- 
branes, as well as within saccules of the 
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of ischemic renal tissue obtained by 
needle biopsy from six patients with 
renal hypertension, and from a similar 
number of rats after unilateral renal 
artery constriction (5), revealed abun- 
dant electron-opaque JGG enclosed 
within solitary, smooth limiting mem- 
branes, as well as within saccules of the 
Golgi apparatus. Paracrystalline forms 
of JGG and lipofuscin droplets were 
prominent in JGC of man, but not in 
those of the rat. In both species, the 
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endoplasmic reticulum, principally of 
the smooth variety, was frequently di- 
lated. Its matrix was often comprised 
of flocculent, slightly electron-opaque 
material. The ultrastructural appear- 
ance of JGG, the relationship of these 
granules to Golgi structures, the pres- 
ence of lipofuscin within the cells, 
and the proteolytic nature of renin 
prompted inquiry into the lysosomal 
nature of the granules. 

Renal biopsies were performed on 
two patients: (i) a 50-year-old man 
with renal hypertension and (ii) a 
45-year-old normotensive man. In ad- 
dition, ischemic kidneys from five rats 
with hypertension (160 mm-Hg) in- 
duced by unilateral renal artery con- 
striction and a similar number of nor- 
motensive rats were examined. A com- 
bined histochemical and electron-micro- 
scopic method for identification of acid 
phosphatase activity was used (6), ex- 
cept that tissue was first fixed in cold 
8-percent glutaraldehyde in sodium 
cacodylate, pH 7.4, for 3 hours at 
40C. 

The reaction product for acid phos- 
phatase appeared as electron-opaque 
deposits within many limiting mem- 
branes as well as within the matrix 
of mature JGG, within occasional Golgi 
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Fig. 1. Reaction product of acid phos- 
phatase in limiting membrane and matrix 
of juxtaglomerular granules (Jg) of por- 
tions of two juxtaglomerular cells of is- 
chemic kidney from hypertensive rat. Re- 
action is also evident in portions of Golgi 
(g), indicated by arrows, but not in the 
nucleus (N) or mitochondria (m). 
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Fig. 2. Portions of juxtaglomerular cells 
from a control section of the kidney de- 
picted in Fig. 1, incubated in buffer and 
lead nitrate without substrate. No reaction 
product is evident within juxtaglomerular 
granules (Jg). The nucleus (N) appears 
larger than in Fig. 1 due to plane of 
section. 
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