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GRAF, M. V., A. J. KASTIN AND A. J. FISCHMAN. DSIP occurs in free form in mammalian plasma, human CSF and
urine. PHARMACOL BIOCHEM BEHAYV 21(5) 761-766, 1984.—Although delta-sleep inducing peptide was isolated and
characterized several years ago, no definitive evidence has been presented for the natural existence of the free peptide.
Several attempts at the partial characterization of DSI1P-like immunoreactivity (DSIP-LI) have indicated that a small part of
the total immunoreactivity is probably present as the free nonapeptide. Using gel chromatography (Sephadex G-100) and
subsequent high performance liquid chromatography on rabbit, human, rat and dog plasma, we now show a distinct peak
of DSIP-LI that has the same elution position as synthetic DSIP. Free DSIP was also found in human CSF, whereas in
human urine most of the small molecular weight DSIP-LI eluted at a position corresponding to DSIP-P, the phosphorylated
analog of DSIP, A newly developed antibody recognizing primarily small molecular weight DSIP-L1 was used in a
modified, rapid assay to facilitate demonstration of the natural occurrence of free DSIP.

Sleep Peptide Blood HPLC

SINCE the isolation and characterization of delta-sleep in-
ducing peptide in 1977 [15,16], several reports have focused
on its occurrence in different locations of the body. We first
showed by radioimmunoassay (RIA) the presence of DSIP-
like immunoreactivity (DSIP-LI) in rat brain (11] and later in
plasma of several mammals including humans [12] and in dog
CSF [1]. In plasma, brain, and cerebrospinal fluid (CSF),
DSIP-LI was partially characterized with gel filtration chro-
matography. In plasma [12], CSF [1,12], and peripheral or-
gans of the rat {9], a major peak of apparently high molecular
weight DSIP-LI and a minor peak eluting at the position of
the free nonapeptide were detected by Sephadex chromatog-
raphy.

Recently, Ekman e# al. reported that free DSIP could not
be detected in human plasma or urine, whereas the free pep-
tide may occur in CSF [5]. The majority of the immunoreac-
tivity was detected at elution positions corresponding to a
higher apparent molecular weight than synthetic DSIP. In
the present work, we use high performance liquid chroma-
tography (HPLC) to demonstrate that some DSIP-LI elutes
in a position corresponding to free DSIP.

METHOD

The DSIP and N-Tyr-DSIP used in the RIA as well as the
fragments and analogs used in the cross-reactivity studies
were generously supplied by Dr. D. H. Coy, Tulane Univer-
sity School of Medicine, New Orleans, LA. DSIP-P, a
DSIP-analog phosphorylated at the serine in position 7, was
obtained by courtesy of Dr. D. Gillessen, F. Hoffmann-La
Roche, Basle, Switzerland.

'Requests for reprints should be addressed ta A. J. Kastin.
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A new antibody (Ab No. 607) to DSIP was generated in
rabbits as previously described {11]. Labeled 25I-N-Tyr-
DSIP, prepared as in earlier work [12], was used as the
tracer. Trasylol® was purchased from Mobay Chemical Co.,
New York, NY, and bovine serum albumin (BSA) from
Sigma Chemical Co., St. Louis, MO. HPLC-grade solvents
were obtained from J. T. Baker Chemical Co., Phillipsburg,
NJ. The water used for HPLC was triple-distilled in glass.
Proteins used for cross-reactivity studies were obtained from
Sigma Chemical Co., St. Louis, MO. Samples of human
plasma and urine from healthy volunteers were collected in
the afternoon. CSF was obtained from the clinical chemistry
laboratory of the VA Hospital, New Orleans, LA. The sam-
ples were originally collected from patients with a variety of
clinical disorders. Plasma from rabbits, rats, dogs, and
healthy humans was collected in heparinized tubes, cen-
trifuged at 2000xg for 20 min at 4°C, and stored at —20°C
until assayed.

DSIP RIA

In the standard RIA procedure, 50 ul aliquots of the dif-
ferent fluids were mixed with 250 wl RIA buffer (0.1 M bo-
rate buffer, pH 8.4; 0.1% BSA, 4% Trasylol), antibody (No.
607) in 100 wl buffer (1:20,000 final dilution), and 2 hr later,
with 100 ul of **[-Tyr-DSIP (10,000 ¢pm) in RIA buffer.
After an incubation of 24 hr, 1 ml of charcoal-dextran
(0.595/0.05% in 0.1 M borate buffer) was added and, 30 min
later, the tubes centrifuged for 30 min at 2000xg and 4°C.
The supernatants were counted in a gamma counter. For
studies of parallelism, appropriate amounts of the different
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fluids were diluted with and without added DSIP and as-
sayed as described above.

Gel Chromatography

Samples of plasma (5 ml), urine (5 ml), or CSF (20 ml
reconstituted to 5 ml after lyophilization) were adjusted to
pH 3.3 with acetic acid, centrifuged, and applied to a column
of Sephadex G-100 (2.5%x100 c¢m) that was previously
equilibrated with 0.1 M acetic acid containing 0.002% sodium
azide. The column was run at a flow rate of 25 ml/hr and 9 ml
fractions were collected. One ml of each fraction was
lypophilized and assayed for DSIP. The fractions represent-
ing the peak of small molecular weight DSIP-1.1 were pooled,
lyophilized, resuspended in 0.1% trifluoroacetic acid (TFA),
centrifuged (10 min, 3000xg, 4°C), and analyzed by HPLC.

HPLC

HPLC was performed with a Beckman (Palo Alto, CA)
HPLC-system (model 344) equipped with an Ultrasphere™-
ODS column (0.46%15 cm). The flow rate was 1.5 ml per
min, solvent A was 0.1% aqueous TFA, and solvent B was
0.1% TFA in methanol. Two min after injection, solvent B
was increased from 3% to 16% over 11 min, and at 16 min
from 16% to 40% over 10 min. After 30 min, the column was
flushed with 100% solvent B for 10 min and re-equilibrated
with 3% B. Fractions of 0.75 ml were collected, lyophilized,
and measured by RIA. Before each analytical run, a blank
injection of 250 ul 0.1% TFA was run under identical condi-
tions. The following amounts of the reconstituted samples
were injected: CSF, rabbit, and human plasma: 50%:; dog
and rat plasma, 80%; human urine, 25%.

RESULTS

With the new antibody (No. 607), an incubation time of 24
hr yielded a mean total binding (B,) of 30%, with a
nonspecific binding of 1%. This antibody showed high sen-
sitivity with a detection limit of 2 pg DSIP per tube and an [D
50 (amount of DSIP required to reduce the binding to 50%
B,) of 12 pg per tube. The intra-assay coefficient of variation
(CV) was 6.0% for a standard of 80 pg DSIP/tube and 6.1%
for 20 pg/tube, and the interassay CV was 9.0% for 80 pg and
11.9% for 20 pg DSIP per tube. Before the use of the 0.1 M
borate buffer was adopted, we found that use of phosphate
(pH 7.4) or Tris-HCI (pH 7.4) buffer resulted in considerably
lower total binding (3-6%) and sensitivity. Exclusion of BSA
from the buffer decreased the total binding by about 10-fold.

D-Ala!-DSIP-NH, exhibited about 8% cross-reactivity,
whereas D-Ala'-DSIP, DSIP-P, and N-Tyr-DSIP showed
about 100% cross-reactivity with Ab 607, MIF-1 (Pro-Leu-
Gly-NH,), N-Tyr-MIF-1, «-MSH, 8-MSH, VIP, CRF (rat),
ACTH, neurotensin, CCK, Leu-enkephalin, 3-LPH, sub-
stance P, motilin, and y-endorphin did not cross react signif-
icantly (<0.1% on a molor basis) with Ab 607 at a concentra-
tion of 10 ng/tube; a similar lack of cross-reactivity was also
observed with DSIP fragments (DSIP,_;, DSIP._g,
DSIP, ;, DSIP,.,, DSIP,, DSIP; ) and a DSIP analog
D-Alad-DSIP.

Fourteen different plasma protein fractions (including
commercially available albumins, @, 8, and y-globulin frac-
tions of human and bovine plasma, and bovine thyroglobu-
lin) at a concentration of 100 ug/tube did not cross-react
significantly (<0.1%5) with the antibody. However, a human
a~globulin fraction obtained from ICN Pharmaceuticals Inc.,
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F1G. 1. Log-logit representation of dilution curves of human plasma
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Plainview, NJ, showed substantial cross-reactivity with Ab
607. Preliminary experiments suggested that a substance
with DSIP-LI may be present in this protein preparation.

Plasma of human, rat, rabbit, and dog as well as human
urine and CSF showed dilution curves that were parallel to
standard DSIP (Fig. 1). Addition of DSIP shifted the curves
to the left but did not change the slope. Recovery of added
DSIP was determined to be 100% in all cases except in rat
plasma where it was 75%. Basal levels (mean=SD, pg/ml) of
DSIP-L.I were as follows: human plasma: 26058 (n=6);
rabbit plasma: 155+34 (n=7); rat plasma: 291+113 (n=13);
dog plasma: 10578 (n=12); human CSF: 3316 (n=62); and
human urine: 108+29 (n=5).

Gel filtration of plasma from all 4 species revealed similar
elution profiles of DSIP-LI (Fig. 2) with a first peak at the
void volume followed by a peak at the position of synthetic
DSIP. With human plasma, a small peak of intermediate
molecular size was also observed (Fig. 2A). A different elu-
tion pattern of DSIP-LI was observed with human CSF and
urine (Fig. 3). In both cases a large peak of DSIP-LIeluted at
the position of free DSIP, but little (CSF) or no (urine) im-
munoreactivity was detected near void volume.

HPLC of all 4 samples of plasma showed a clear peak of
DSIP-LI that varied in amount and eluted at the position of
synthetic DSIP, indicating that free DSIP can be found in
plasma of these species (Fig. 4). What appears to be free
DSIP was also detected in human CSF, but in addition 3
other peaks were seen. Two of these peaks eluted at the
position of DSIP-P and N-Tyr-DSIP. In urine (Fig. 6), a
small fraction of the total detectable DSIP-LI eluted at the
position of synthetic DSIP and a larger peak was observed at
the position of DSIP-P. In all cases, a large immunoreactive
peak eluted at the beginning of the gradient. This is charac-
teristic of highly polar compounds. With human and dog
plasma, an additional peak of DSIP-LI appeared late in the
gradient (around fractions 67-70) (Fig. 4) where, as indicated
by UV monitoring, large proteins elute.
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FIG. 2. Gel chromatography of human plasma (A), rabbit plasma (B), rat plasma (C), and dog plasma (D) on Sephadex G-100. The column size
was 2.5% 100 cm and the fraction volume was 9 ml. The arrow indicates the void volume of the column and the black bar the position where

standard DSIP eluted.
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FIG. 3. Gel chromatography of human CSF (A) and human urine (B) on Sephadex G-100. The column size was 2.5x100 cm and the fraction
volume was 9 ml. The arrow indicates the void volume of the column and the black bar the position where standard DSIP eluted.
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FIG. 4. HPLC of small molecular weight DSIP-LI of human plasma (A), rabbit plasma (B), rat plasma (C), and dog plasma (D). The arrow
indicates the position where synthetic DSIP eluted. Fraction volume was 0.75 ml. The gradient is depicted by the broken line.
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FIG. 5. HPLC of small molecular weight DSIP-LI of human CSF. FIG. 6. HPLC of small molecular weight DSIP-LI of human urine.
The arrows indicate the position where standard DSIP-P (1), DSIP The arrows indicate the position where standard DSIP-P (1) and
(2), and N-Tyr-DSIP (3) eluted. DSIP (2) eluted.
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DISCUSSION

The development of a new antibody (Ab 607) enabled us
to readily demonstrate the existence of apparently free DSIP
in body fluids. A shorter incubation time (24 hr) as compared
to the earlier [12] published procedure (5 days) together with
the higher specificity and sensitivity were major advantages
of this new antibody.

The cross-reactivities of the DSIP analogs showed an un-
usual pattern. Antigen recognition by the antibody seems to
be sensitive to changes at both the C-and N-terminus (8%
cross-reactivity with D-Ala*-DSIP-NH, and <0.5% cross-
reactivity with des-Trp-DSIP), but variations in position 4
(D-Ala*-DSIP) or 7 (phosphorylated serine) do not decrease
immunoreactivity. The observation that D-Ala®-DSIP lacks
significant cross-reactivity with Ab 607 may provide insight
into the conformational requirements for the antigen-
antibody interaction.

Based on detailed studies of protein folding, it has been
shown [2, 3, 17] that glycine residues frequently occur at the
corner positions of B-turns. When both corner residues are
glycine, no particular type of turn is favored. If one of the
glycines is replaced by D-alanine, steric considerations indi-
cate that a type II' 8 turn is favored when the D-residue is
placed in the first corner position, as in D-Ala3-DSIP, while a
type 11 B turn is favored when such a residue is placed in the
second corner position, as in D-Ala*-DSIP. Thus, if a type {1
A turn conformation for the Ala-Gly-Gly-Asp sequence in DSIP
is required for antibody recognition, the observed cross-
reactivities of Ab 607 are explained. In addition, this con-
formation brings the C and N terminal residues into a spatial
arrangement suitable for interaction with the antigen-
combining site of the antibody. These arguments are compat-
ible with a recent report that DSIP may have a folded con-
formation in solution [14].

The levels of DSIP-LI measured in the present study are
considerably lower than those reported previously [1,12]
using a different antibody (Ab 604). This observation as well
as the relative specificity of Ab 607 for ‘“‘free’” DSIP are
readily explained if the conformational determinants recog-
nized by Ab 607 are not available for binding in other forms
of DSIP (bound or aggregated).

Another possible factor that may affect the level of DSIP
in plasma is the time of year. Seasonal changes in DSIP-LI
levels have been found in hibernating squirrels [13] as well as
deer and bear (Morley and Kastin, unpublished observa-
tions), We also have found indications for such changes in
rat, rabbit, and human plasma. Diurnal variation of the levels
of DSIP-LI in plasma [7,12] were taken into account by
sampling at the same time of day.

Addition of DSIP to plasma of the rat resulted in recovery
of only about 75%, whereas in the other species 100% was
found. It was earlier observed [12] that addition of the pep-
tide to mouse plasma also resulted in a recovery of about
70%. 1t is not known if this decreased recovery is due to a
binding phenomenon [1,12], aggregation, or rapid degrada-
tion. The last possibility seems unlikely since no rapid
changes in endogenous DSIP levels were observed over the
time-course of the recovery experiments.

Gel chromatography of the plasma samples on Sephadex
G-100 produced elution patterns of DSIP-LI that differed
from earlier published results. These reports showed either
no small molecular weight material eluting at the position of
free DSIP [5] or an amount much smaller than the peak of
large molecular weight material eluting at the void volume
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(12]. In the present study, we found the peak represent-
ing small molecular weight DSIP-LI to be much more
prominent than observed previously. This peak represented
a major component of the total immunoreactivity in plasma,
in contrast to the study of Ekman et al.(5] in which no
DSIP-LI was found to elute with synthetic DSIP, These dis-
crepancies could be due to the different antibodies used. Ab
607 seems to recognize mostly the freely occurring nonapep-
tide.

In human urine and CSF, only a small amount of large
molecular weight DSIP-LI was found by gel chromatogra-
phy. The larger material may not be freely filtered by the
kidney and may not readily pass into the CSF. This finding is
consistent with other studies in which smaller amounts of
large DSIP-LI were found in CSF than in plasma, the mean
levels of DSIP-LI in plasma and CSF also being different by
a factor of about ten [1],

HPLC of all samples of the small molecular weight
DSIP-LI showed a distinct peak that emerged at the elution
position of DSIP. This is consistent with the occurrence of
free DSIP, although the possibility exists that an aggregated
form of DSIP was dissociated by the chromatographic con-
ditions, The CSF sample also revealed the presence of
material that eluted in the position of DSIP-P and N-
Tyr-DSIP; a fourth unknown peak also appeared close to the
DSIP analogs. In urine, most of the DSIP-LI seemed to
occur as DSIP-P; it is not known if this peptide is formed
during excretion or if it is more readily excreted by the kid-
ney. Large amounts of DSIP-LI have been found in that
organ [9].

In all HPLC runs, the peak eluting first may be due to
nonspecific interference from substances like salt, but a
DSIP-like compound cannot be completely excluded. An
additional peak eluting between fractions 67 and 70 was found
in human and dog plasma. This compound could be a protein
containing the DSIP sequence or it could be DSIP noncova-
lently associated with another molecule.

Since the isolation of DSIP several years ago [13,16],
questions have been raised not only about its physiologic
function but also about jts actual existence [5]. It was possi-
ble that the nonapeptide represented only a fragment of a
larger molecule broken down during the initial isolation pro-
cedure. The early attempts at characterization of DSIP-LI
suggested that this peptide-sequence existed in brain [11] and
plasma [12]. Similar results were also found with human
breast milk [10]. Tryptic degradation of the large molecular
weight DSIP-LI produced large amounts of DSIP and, to a
lesser extent, DSIP-P [10]. Immunohistochemical studies
have also detected DSIP-LI in the brain of rats [4,5]. Al-
though the present work demonstrates more conclusively
that DSIP occurs in mammalian plasma and CSF, it has not
been established whether this nonapeptide represents the
original, full sequence of the naturally active compound.
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