References 4. W. F. Tanner, Science 132, 1012 (1960); A.
W. Niedoroda and W. F. Tanner, Mar. Geol.
1. W. A. Price, Texas A & M. Dep. Oceanogr. 9, 41 (1970). '
Proj. 63 (1955). 5. J. R. Helle, Beach Erosion Board Tech. Mem.
2. W, F. Tanner, J. Sediment. Petrol. 29, 564 108 (1958).
(1959).
3. F. W. Stapor, Mar. Geol. 10, M1 (1971). 18 February 1971; revised 14 April 1971 ]

Vitamin D Metabolism: The Role of Kidney Tissue

Abstract. The appearance of a polar metabolite of 25-hydroxycholecalciferol
has been studied in the intestinal mucosas of nephrectomized rats and rats which
have been made uremic by ureter ligation. In confirmation of previous work by
Fraser and Kodicek, it was found that nephrectomy prevents the appearance of
this metabolite in the intestine. On the other hand, equivalent amounts of the
metabolite were found in uremic rats and in sham-operated controls, showing
that the production of this metabolite is independent of the uremic state of the
animals. In addition, it was shown that the metabolite produced in vitro by
kidney homogenates is identical to that found in vivo in the intestine.

Impaired renal function has for sev- animals. These situations are not re-

eral years been known to be associated
with alterations in vitamin D and cal-
cium metabolism. Kessner and Epstein

versed by physiological amounts of
vitamin D, though they may be par-
tially reversed by 25-hydroxycholecal-

ciferol (25-HCC), the “circulating” or
“hormonal” form of vitamin D (3, 4).
There is, however, no evidence that the
hepatic synthesis of 25-HCC from vi-
tamin D is impaired in uremia.
Recently, Fraser and Kodicek (5)

(1) showed the active transport of
calcium by everted duodenal sacs to be
reduced in the chronically uremic rat,
and Avioli et al. (2) have in addition
demonstrated decreased intestinal cal-
cium binding protein activity in such
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Fig. 1. (A) Sephadex LH-20 chromatography of the combined lipid extracts from six
in vitro incubation mixtures. Incubation was for 2 hours at 37°C. A column containing
12 g of Sephadex LH-20 was used and 5.3-ml fractions were collected. The fractions
in the shaded area were pooled and taken up in a known volume of solvent. (B)

Sephadex LH-20 chromatography of the lipid extract of the mucosal scrapings from -

six vitamin D-deficient chicks each given 125 ng of [26,27-*H]-25-HCC 12 hours prior
to killing. A column containing 10 g of Sephadex LH-20 was used and 5.5-ml fractions
were collected. The fractions in the shaded area were pooled and taken up in a known
volume of solvent.
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have shifted attention from the role of
renal function to the role of renal tis-
sue in vitamin D metabolism by their
report that the conversion of 25-HCC
to a more polar metabolite takes place
exclusively in the kidney. This metab-
olite (designated “peak V” in this lab-
oratory) has been shown to act even
more rapidly than 25-HCC in the stim-
ulation of calcium absorption and may
very well be the active form of the
vitamin in the intestine (6). The evi-
dence for the role of kidney tissue in
the production of this metabolite is
based principally on the observation
that the normal appearance of this
metabolite in the intestinal mucosa
after administration of vitamin D is
not seen in nephrectomized rats (5).
Furthermore, Fraser and Kodicek re-
ported kidney to be the only tissue
capable of producing this metabolite
in vitro (5).

The present study was undertaken
with two objectives in mind. The first
was to determine whether the absence
of the peak V metabolite in the in-
testine of nephrectomized rats is due
to toxic effects of the uremia produced
by nephrectomy or whether kidney tis-
sue is required for the further metab-
olism of 25-HCC. The second objec-
tive was to determine whether the peak
V produced in vitro by kidney ho-
mogenates is identical to that observed
in the intestine after in vivo adminis-
tration of 25-HCC or vitamin D,,

Male weanling Holtzman rats were
fed a vitamin D-deficient diet for 5
to 6 weeks prior to being used for
experiments (7). The [26,27-3H]-25-
HCC used in these experiments was
prepared in this laboratory and had a
specific activity of 1.3 ¢/mmole (8).
Groups of three rats were either bi-
laterally nephrectomized or sham-op-
erated and were injected intrajugularly
with 125 ng of 3H-25-HCC in 95 per-
cent ethanol immediately after surgery.
A third group of rats was ureter-li-
gated 6 hours before being injected
with 125 ng of 3H-25-HCC, the 6-hour
delay being to ensure a degree of
uremia similar to that of the nephrec-
tomized animals at the time of Kkilling.
The rats in all groups were killed 12
hours after the injection of 3H-25-
HCC, having also been fasted 16 hours
prior to killing. The intestinal mucosas
from the rats in each group were
pooled, homogenized in 0.9 percent
saline, and extracted with CHCl;-
methanol as previously described (4).
Identification of 3H metabolites was
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accomplished by Sephadex LH-20
chromatography (9). A 30 by 2 cm
column containing 10 g of Sephadex
LH-20 was used, and 5-ml fractions
were collected. The samples were ap-
plied to the column in less than 1 ml
of 65 percent chloroform in Skelly-
solve B (by volume) and were eluted
with 175 ml of the same solvent. The
column was stripped with 100 ml of 70
percent chloroform in Skellysolve B.
Radioactivity in the chromatographic
fractions was determined by liquid
scintillation counting using a Packard
Tri-Carb  spectrometer No. 3375
equipped with external standardiza-
tion. In vitro conversion of 25-HCC
to the peak V metabolite was accom-
plished by using a 25 percent ho-
mogenate of kidney tissue from chicks
fed a vitamin D-deficient diet for 4
to 5 weeks. Incubation conditions were
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Fig. 2. Cochromatography of combined
aliquots of the metabolites isolated in
Fig. 1. Silicic acid chromatography was
done as described by Suda et al., using
a multibore column containing 14 g of
silicic acid with 11.5-ml fractions being
collected (I1). Total recovery was 90 per-
cent. Sephadex LH-20 chromatography
was done (I2) using a 60- by l-cm col-
umn containing 20 g of Sephadex LH-20
with 3.2-ml fractions being collected. Total
recovery was 100 percent. Celite partition
chromatography was done as described by
Suda et al. with 90 percent methanol,
10 percent water as the stationary phase
and 30 percent chloroform, 70 percent
Skellysolve B as the mobile phase, and
5.3-ml fractions were collected (17). To-
tal recovery was 87 percent.
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the same as those used by Fraser and
Kodicek except that 25 ng of [26,27-
3H]-25-HCC was used as substrate
(5). Also, identification of the peak V
metabolite was determined by chro-
matography on Sephadex LH-20 as
described above.

The percentage distribution of 3H
metabolites in the lipid extracts of
tissues from vitamin D-deficient rats
subjected to various treatments is seen
in Table 1. In the case of both intes-
tinal mucosa and blood plasma, the
nephrectomized rats failed to show any
of the peak V metabolite, while equiv-
alent amounts of this metabolite were
seen in both the sham-operated controls
and the ureter-ligated rats. On the
other hand, the ureter-ligated rats had
a blood urea nitrogen value similar to
that for the nephrectomized rats, indi-
cating that the state of uremia in these
two groups of animals is about the
same. From this data, we can conclude
that the uremic state of the animals
has little effect on the appearance of
the peak V metabolite in the intestine
and that the presence of kidney tissue
is required for 25-HCC metabolism to
peak V to occur.

In order to establish the identity of
the peak V metabolite produced in
vitro by kidney homogenates with the
metabolite observed in the intestine in
vivo after administration of 3H-25-HCC,
it was first necessary to isolate metab-
olites from these two sources. The in
vitro metabolite was isolated by com-
bining the lipid extracts from six of the
incubation mixtures described above.

" The combined lipid extracts were chro-

matographed on Sephadex LH-20 and
the metabolite was isolated as shown in
Fig. 1A. The in vivo metabolite was
isolated by injection of six vitamin
D-deficient chicks with 125 ng each of
3H-25-HCC 12 hours prior to killing,
and isolating the metabolite from the
lipid extract of the mucosal homogen-
ate by Sephadex LH-20 chromatogra-
phy as shown in Fig. 1B. The smaller
elution volume obtained for this metab-
olite is due to the fact that this column
contained 10 g of Sephadex, while the
other contained about 12 g. Also, the
large amount of lipid observed in the
in vivo sample could have caused some
peak broadening. Aliquots of each of
the metabolites isolated in Fig. 1 were
combined and chromatographed in
three different chromatographic systems
as shown in Fig. 2. It can be seen that
in each case virtually all of the re-
covered radioactivity can be found in

Table 1. Effect of nephrectomy and ureter
ligation on peak V accumulation in rat
tissues. The rats were killed 12 hours after
the intravenous administration of 125 ng of
[26,27-*H]}-25-HCC. Urea nitrogen determina-
tions were done on an aliquot of the pooled
plasma from the rats in each group by the
method of Marsh ef al. (10) using a Techni-
con AutoAnalyzer.

Nephrec- Sham- Ureter-
Metab- tomized operated ligated
olite ot
rats rats rats
Small intestine mucosa®
25-HCC ester 7.7 11.9 6.7
25-HCC 92.3 25.7 33.7
Peak V 0 62.4 59.6
Blood plasma*
25-HCC 100 89.9 91.6
Peak V 0 10.1 8.4
Blood urea nitrogeny
129 21 141

* These values are percentages of the recovered
radioactivity, the recoveries usually being about
90 percent. T These values are milligrams per
100 milliliters.

a single, symmetrical peak. These re-
sults provide further evidence that the
metabolite produced in vitro by kidney
homogenates is, in fact, identical to
that found in intestinal mucosa after
in vivo administration of 3H-25-HCC
or vitamin D,.

The present results clearly confirm
the observation of Fraser and Kodicek
(5) that kidney tissue is necessary for
the conversion of 25-HCC to a more
polar metabolite. It has also been
shown that the acute elevation of blood
urea nitrogen caused by nephrectomy
does not by itself impair this conversion
in the short term. We have further-
more provided convincing evidence that
the metabolite produced in vitro by kid-
ney homogenates is identical to that
found in the intestine in vivo after
administration of 25-HCC.

These findings and those of Fraser
and Kodicek open the possibility that
in azotemic chronic renal disease there
is a failure to produce the intestinal
metabolically active form of vitamin

- D (peak V), thus resulting in impaired

calcium absorption.
R. Gray
I. BoyLE
H. F. DeLuca
Departments of Biochemistry and
Medicine, University of Wisconsin,
Madison 53706
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X-ray Diffraction Patterns of Transfer RNA Consistent with
the Presence of Short Parallel Helices in the Molecule

Abstract. X-ray diffraction data of yeast formylmethionine transfer RNA,
Escherichia coli phenylalanine transfer RNA, and Escherichia coli arginine
transfer RNA single crystals are compared with the Fourier transform of a
helix. The results are consistent with the presence of short parallel double
helical segments in the transfer RNA molecules.

Transfer ribonucleic acid (tRNA)
molecules play a prominent role in
protein biosynthesis. They function as
adaptor molecules in the translation of
the messenger RNA code into the cor-
responding polypeptide chain. It is of
interest to have information on their
molecular structure. Several different
models of the tertiary structure of
tRNA have been proposed (7). All
these models are based on the clover-
leaf structure of Holley (2). These
models consist of four main double

Fig. 1. Eleven-
fold double he-
lix.

helical stems, amino acid, dihydrouri-
dine, anticodon, and pseudouridine.
We now report x-ray diffraction pat-
terns from single crystals of tRNA
which are consistent with the presence
of short parallel helices in the molecule.

The structural analysis of a macro-
molecule by single crystal x-ray dif-
fraction can be achieved with the
multiple isomorphous derivatives tech-
nique. However, although various
single crystals of tRNA have been
grown and preliminary x-ray diffraction
studies have been made (3, 4) de-
ciphering of the phases by the isomor-
phous derivatives method has not yet
been possible. In parallel with our ef-
forts of preparation of the single
crystals of heavy atom derivatives, we
have attempted to obtain structural
information from available diffraction
data of the crystals of yeast formyl-
methionine tRNA (tRNAfMet)  Esche-
vichia  coli  phenylalanine tRNA
(tRNAFre), and E. coli arginine tRNA
(tRNAA), X-ray data for these
crystals are shown in Table 1.

The two important quantities of a
molecular structure that can be com-

Table 1. Crystallographic data for three tRNA crystals,

Cell constants Molecules
Speci Crystal Space e in asymmet-
pecies system group a = b c ric unit
(A) (A) (No.)
Formylmethionine (yeast) Hexagonal P6,22 115 137 1
(P6,22)
Phenylalanine (E. coli) Hexagonal ? 122 198 ' 2(D)
Arginine (E. coli) Trigonal P3,21 99.4 92.9 2
(P3,21)

1234

pared with the x-ray data are the
Fourier transform and the interatomic
vector set. We have examined both
these quantities and compared them
with the x-ray data.

. The x-ray diffraction pattern from a
crystal is the Fourier transform of all
the molecules in the unit cell. There-
fore, in general, the diffraction pattern
will not directly exhibit the Fourier
transform of a single molecule (5).
However, if the molecule contains a
considerable amount of helical struc-
ture, the diffraction pattern, may, in
favorable cases, be expected to show
characteristics of helix diffraction.

The fundamental parameters that
define a helix are the pitch p, the num-
ber of units per turn N, and the
radius r. The distance d between the
successive units is then equal to p/N,
and the angle of rotation ¢ per unit
is equal to 360°/N (Fig. 1). The gen-
eral formula of the Fourier transform
of a set of points is

FXY,Z) =3 f,%
j

exp 2ni(Xx; + Yy, + Zz;) (1)

where f; is the scattering factor of the
jth atom whose coordinates are Xy Vis
and z; and X, Y, Z are orthogonal
coordinates in the reciprocal space.
For the infinite helix, Eq. 1 can be
written (6)

F(RY,Z) = Y J.(2nRr) X
n=0 '

expiln(y — ¢+ w/2) +27Zz] (2)

where R,J,Z are the cylindrical coor-
dinates in the reciprocal space and
J,, is the Bessel function of nth order.
This function is known to have the
following characteristics. (i) The
transform has a layer structure, with
the  distance 1/p between the layers;
(ii) at the lower layers, the main part
of the Bessel function has the same
order as the layer number and has a
cross-shaped pattern through the
origin; (iii) the strong meridional
region appears at a distance of about
1/d; and (iv) for the double helix, the
transform is modified by a fringe
function corresponding to the relative
position of the two strands.

Since the scattering in the low an-
gular region is mainly due to the phos-
phate group (7), the phosphorus co-
ordinates (8) of the helix for 11-fold
viral RNA with p =30 A and N=11
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