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ABSTRACT: The relaxin-like factor (RLF), produced by the Leydig cells, is an essential link in the chain
of events leading to the proper positioning of the testes during fetal development. The primary structure
of RLF, as reported in the literature, is based solely upon cDNA sequences with chain lengths determined
according to deduced processing sites and with relaxin-like cross-links. Biochemical characterization of
bovine testicular RLF shows clearly that the endogenous hormone does consist of a 26 residue A chain
and two forms of B chain, one containing 40 residues, the other 45. In addition, both B chains are 9
residues longer at the C terminus than the cDNA-deduced chain, and about 20% of the B chains have an
additional 5 residue extension at the N terminus. Sequence analysis in combination with mass spectrometry
and tryptic peptide mapping showed unambiguously that RLF is larger than previously assumed and that
it has the relaxin-type disulfide bond distribution that makes it a bona fide member of the relaxin family
of hormones.

The relaxin-like factor (RLF)1 mediates testicular descent
in humans. It is a major developmental hormone that is
produced predominantly by the Leydig cells (1) and, to a
lesser extent, in the theca cells of ovaries (2, 3). In the rat,
RLF appears in the prenatal bloodstream in males, diminishes
at birth, and rises again after puberty when functional Leydig
cells are present (4). The biological activity of prenatal RLF
has been elucidated in knockout experiments, which show
that RLF-/- males retained testes in the body cavity (5, 6).
RLF interacts with specific receptors on the gubernaculum,
triggering outgrowth of the gubernaculum which mediates
abdominal migration of the testes (4, 7).

Low levels of RLF mRNA were detected in the mouse
ovary (2), and RLF receptors have been found in uterine
tissue (8, 9). The role of RLF in the female is unclear, with
one report showing no effect (5) and another suggesting
impaired fertility in the RLF-/- mice due to prolonged
estrous cycles (6). While in human and rodent females RLF
levels are low throughout life (4, 10), in the ovaries of
ruminants they are exceptionally high (11, 12).

The structure of RLF deduced from the cDNA comprises
a leader sequence, followed by a B domain, and a C domain
which links the C terminus of the B chain and the N terminus
of the A chain (1). This arrangement, however, does not
imply that the message is processed to form a two-chain
molecule like relaxin. It could remain unprocessed as in
insulin-like growth factors (IGF), and could possess cross-

links different from the relaxin configuration. Chemical
structure analysis, the method of choice for disulfide bond
determination, was used for insulin (13), relaxin (14, 15),
and IGF (16), and, in light of the importance of RLF for
human development, it seems appropriate that this be done
at least once for this new hormone.

In the present paper we report the isolation and charac-
terization of bovine testicular RLF. In addition, the natural
RLF is compared with a synthetic hormone derived from its
predicted structure in terms of chemical, physicochemical,
and receptor-binding parameters.

EXPERIMENTAL PROCEDURES

Materials. Bovine testes were purchased from Rockland
(Gilbertsville, PA) and stored at-20 °C.

Peptide synthesiswas performed by Fmoc chemistry on a
solid support (17). The synthesis of bovine RLF and a Tyr-
(A1) analogue was based on the protein structure deduced
from the cDNA (11) which consisted of a 26 residue A chain
and a 31 residue B chain. The use of differential protection
for the cysteine side chains allowed the directed formation
of the relaxin-like disulfide bonding arrangement. The
synthesis was performed as described for human RLF (18).

Synthesis of Model Peptides.Different cysteine protecting
groups were chosen to synthesize the three possible disulfide
isomers of the tryptic fragment A9-17/B6-14. The two
cysteines forming the intrachain disulfide loop of the A chain
peptide were protected by the acid-stable acetamidomethyl
group whereas the cysteine linking to the B chain was
protected via the trifluoroacetic acid-labile trityl group. After
trifluoroacetic acid treatment, the free sulfhydryl group was
reacted with 2,2′-dipyridine disulfide in 1 M acetic acid,
yielding the activated 2-pyridinesulfenyl form. The peptide
was purified by gel filtration on Sephadex G10 in 1 M acetic
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acid and lyophilized, and the interchain disulfide bond was
established by reaction with the free sulfhydryl group of the
B chain peptide under conditions described in the literature
(19). The peptide was purified, the acetamidomethyl groups
removed, and the intrachain disulfide bond formed by
treatment with iodine in 80% acetic acid as described (20).

Monoclonal antibodieswere produced by the antibody
facility at the Medical University of South Carolina, using
synthetic bovine RLF as antigen. Monoclonal antibody 2-8F
(IgG1, κ) was used throughout this study.

125I-3-Mono-iodotyrosyl(A1)-boVine RLF tracerwas pre-
pared from Tyr(A1) bovine RLF. The hormone (10µL, c )
1 µg/µL in water) was placed into the tip of a 500µL
Eppendorf vial to which the following additions were
made: 10µL of 50 mM citrate buffer, pH 5.6, 0.9 mCi of
Na125I, 0.8µL of hydrogen peroxide (1 mM in citrate buffer,
pH 5.6), and 0.8µL of lactoperoxidase (EC 1.11.1.7) (74
µg/100 µL of citrate buffer, pH 5.6). The reaction was
performed for 1 min at room temperature; thereafter, the
reaction was quenched with 30µL of 33% acetic acid. The
tracer was separated by reversed-phase HPLC using an
Aquapore 300 (C8, 2.1 mm× 30 mm) column. The mobile
phase consisted of 0.1% trifluoroacetic acid in water (solvent
A) and 0.1% trifluoroacetic acid in 80% acetonitrile (solvent
B). Separation was achieved by applying a 60 min linear
gradient from 23 to 34% B at a flow rate of 100µL/min.
Peptides were detected by UV absorbance at 230 nm.
Fractions were manually collected into 100µL of 1% bovine
serum albumin in water and the tracer stored at-20 °C.

Isolation of bRLF from Testis.One testicle (563 g) was
thawed on ice for 6 h, and the vas deferens and scrotum
were discarded. The testis was cut into 1 cm slices, ground
in a meat grinder, dropped directly into chilled 1.6 M HCl
(289 mL), and further homogenized with a Polytron homog-
enizer. Chilled acetone (850 mL) was added and the tissue
extracted for 5 h at 4 °C. The extract was centrifuged at
4000 rpm in a Beckman J-6B centrifuge for 10 min at 4°C,
and the supernatant (1100 mL) was collected and brought
up to 95% acetone (9.2 L). After 20 h at 4°C, the protein
had precipitated and the supernatant was siphoned off; the
pellet was suspended and collected by centrifugation at 5000
rpm in a refrigerated centrifuge (Sorvall RC-5B, equipped
with a GSA rotor). The pellet was dissolved in 1 M acetic
acid, the pH adjusted to 5.5 with ammonia, the precipitate
removed by centrifugation, and the supernatant dialyzed
against water (3× 10 L) and lyophilized (yield 1.37 g).

The lyophilized protein (100 mg/run) was dissolved in 1
M acetic acid (5 mL) and loaded onto a Sephadex G50sf
column (2.5× 50 cm), equilibrated with 1 M acetic acid.
Separation was performed at a flow rate of 20 mL/h, fractions
of 10 mL were collected, and 1µL of each fraction was
analyzed by RIA. The RIA-positive fractions were pooled,
lyophilized (overall yield: 182 mg), and further purified by
preparative HPLC. About 20 mg of the protein was loaded
onto a Synchropak RP-P column (10 mm× 250 mm)
equilibrated with 0.1% trifluoroacetic acid in water (solvent
A) and 0.1% trifluoroacetic acid in 83% acetonitrile (solvent
B) at 25% B in A. Separation was achieved by applying a
30 min linear gradient from 25 to 45% B at a flow rate of 3
mL/min, and 1 min fractions were collected. RIA-positive
fractions were pooled and lyophilized (overall yield of nine
identical runs: 9.9 mg). Thereafter the protein was dissolved

in 50 mM sodium acetate buffer at pH 5.6 and separated on
a CM-cellulose column (1.5 cm× 10 cm), equilibrated in
the same buffer. After all UV-absorbing proteins were
washed away, the RLF-enriched fraction was eluted with 0.2
M NaCl in sodium acetate buffer, pH 5.6. RIA-positive
fractions were pooled, lyophilized and desalted, and rechro-
matographed by HPLC on a Synchropak RP-P column (10
mm × 250 mm) under the conditions described above. The
main RIA-positive fraction was further purified by HPLC
on a Bakerbond wide-pore C18 column (4.1 mm× 250 mm).
Peptides were eluted with a 30 min linear gradient from 20
to 60% B at a flow rate of 1 mL/min. Peptides were detected
by UV absorbance at 220 nm, and fractions were manually
collected (yield: 0.33 mg).

Reduction, Carboxymethylation, and Chain Separation.
Approximately 50µg of bovine RLF was reduced in 50µL
of 25 mM dithiothreitol, containing 3 M guanidinium
chloride and 0.1 M Tris/HCl at pH 8.6 for 60 min at 37°C,
and reacted with 50µL of freshly prepared 100 mM
iodoacetic acid in 100 mMN-methylmorpholine for 15 min
at room temperature. The reaction mixture was acidified with
10 µL of glacial acetic acid and loaded onto a Bakerbond
column for HPLC (conditions as described above).

Tryptic Digest and Peptide Analysis.In parallel experi-
ments, approximately 10µg of native and synthetic bovine
RLF was digested with trypsin (E:S ratio of 1:25) in 20µL
of 50 mM ammonium hydrogen carbonate for 30 min at 37
°C. The digest was quenched with 50µL of 0.1% trifluoro-
acetic acid and loaded onto Aquapore 300 for micro-
separation, applying a 40 min linear gradient from 0 to 40%
B. Peptides were detected by UV absorbance at 220 nm.
The peptides were collected manually and concentrated in a
vacuum, and 20% of each fraction was hydrolyzed and
subjected to amino acid analysis.

Amino Acid Composition.Peptides were hydrolyzed in
vapor phase 6 M HCl containing 0.1% phenol for 1 h at
150°C, modified with phenyl isothiocyanate, and separated
by HPLC (Pico‚Tag system, Waters).

Sequence analysiswas performed on a Procise protein
sequencer (Applied Biosystems) connected to an inline PTH
analyzer. Analysis of the intact bovine RLF revealed the
primary sequence of the A chain and about 20% of an
additional sequence which was derived from an N-terminally
extended B chain. The majority of the B chain appeared
N-terminally blocked. Cysteine positions were identified as
holes in the sequence. The primary structure of the A chain,
including the positions of the cysteines, was confirmed by
sequencing the reduced and carboxymethylated A chain.

The primary structure of the B chain was determined by
direct sequencing of the reduced and S-carboxymethylated
extended B chain and by sequencing fragments of the tryptic
digest of the intact molecule.

Protein Concentration.UV spectroscopy and/or amino
acid analysis was used to determine the concentrations of
synthetic and highly purified natural RLF. The protein
concentration of partially purified natural RLF was deter-
mined by weight.

Mass spectrometrywas performed at the MUSC mass
spectrometry facility. A Perceptive Voyager DE was used
for matrix-assisted laser desorption ionization mass spec-
trometry, and Finnigan LCQ was used for electrospray
ionization mass spectrometry.
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Polyacrylamide Gel Electrophoresis (PAGE).For sodium
dodecyl sulfate-PAGE, precast Tris-glycine gels (16%
polyacrylamide) were purchased from Invitrogen. About 2
µg of native and synthetic bovine RLF was compared with
a standard comprising bovine insulin (5800 Da), cytochrome
c (12 400 Da), soybean trypsin inhibitor (21 000 Da), and
carbonic anhydrase (29 000 Da). The protein was denatured
in sample buffer at 95°C for 5 min. Electrophoresis was
performed in an Xcell Mini-Gel apparatus (Novex) for 90
min at 125 V. Gels were stained using the colloidal blue
staining kit (Novex).

Radioimmunoassays.These assays were performed in pH
7.5 PBS buffer containing 1% BSA. Bovine RLF was
dissolved in buffer and serial-diluted. To 100µL of each
concentration were added 100µL of 125I-bRLF (20 000 cpm)
and 100µL of 2-8F monoclonal antibody in the appropriate
dilution, mixed, and incubated for 4 h atroom temperature.
The assay was terminated with rabbit anti-mouse IgG
antibody that was covalently bound to CNBr-activated
cellulose and the suspension shaken for 1 h at room
temperature. Thereafter 3 mL of 50 mM phosphate buffer,
pH 7.5, containing 0.1% Tween 20 was added and the solid
collected by low-speed centrifugation for counting.

Receptor-Binding Assays.CD-1 virgin female mice were
primed with 5µg of estrogen cypionate in 100µL of sesame
oil and 5 days later killed in an atmosphere of CO2. Uteri
were collected and crude membranes prepared for receptor-

binding assay as described before (9). Bovine RLF (synthetic
or native) at concentrations from 0 to 200 ng/mL, bovine
RLF tracer (100 000 cpm, 275 pM), and 40µL of membrane
preparation were mixed. The total volume of the assay was
100 µL. Each assay was performed in duplicate, and three
assays were averaged.

RESULTS

Bovine RLF was isolated from testicles by extraction into
acidic 50% acetone and precipitated with 95% acetone. It
was purified to homogeneity by size separation on Sephadex
G50sf (Figure 1A), followed by preparative reversed-phase
HPLC (Figure 1B), ion exchange chromatography on CM-
cellulose at pH 5.6 (Figure 1C), and rechromatography by
reversed-phase HPLC (Figure 1D) (Table 1), yielding 0.33
mg of bovine RLF. Homogeneity was confirmed by analyti-
cal HPLC (Figure 1E), and SDS-polyacrylamide gel elec-
trophoresis (Figure 1F). Electrospray ionization mass spec-
trometry revealed molecular masses of 7175.4 and 7560.0
Da.

Reduction and S-carboxymethylation yielded three peaks
(Figure 2A); the more hydrophilic peptide was the A chain,
and the two more hydrophobic peptides were B chains in a
ratio of approximately 1:4, corresponding to one with a five
amino acid residue N-terminal extension and one with a
shorter chain. The A chain was characterized by amino acid

FIGURE 1: Panel A: Size separation of 95% acetone precipitate on Sephadex G50sf in 1 M acetic acid. Panel B: Reversed-phase HPLC
purification of size-separated bovine RLF on Synchropak RP-P (C18, 10 × 250 mm) in 0.1% trifluoroacetic acid in water (solvent A) and
0.1% trifluoroacetic acid in 83% acetonitrile (solvent B). Peptide was eluted with a linear gradient from 25 to 45% B over 30 min. Panel
C: Separation of the HPLC-enriched bovine RLF by ion exchange chromatography on CM-cellulose in 50 mM sodium acetate buffer at
pH 5.5 using a stepwise NaCl gradient. Panel D: Rechromatography on Synchropak RP-P under conditions described in panel B. The
double-headed arrow indicates the RIA-active fractions. A single fraction represented by the shaded area was used for further investigation.
Panel E: Analytical HPLC of 2µg of purified bovine RLF on Aquapore 300 (C8, 2.1× 30 mm). The mobile phase consisted of 0.1%
trifluoroacetic acid in water (solvent A) and 0.1% trifluoroacetic acid in 80% acetonitrile (solvent B). The peptide was eluted with a linear
gradient from 20 to 50% B over 60 min at a flow rate of 100µL/min. Panel F: Separation of bovine RLF on 16% polyacrylamide gels in
SDS containing Tris/glycine buffer. Lane 1, standard; lane 2, native bovine RLF; lane 3, synthetic bovine RLF; and lane 4, standards. The
apparent molecular mass of synthetic bovine RLF is about 7800 Da (calculated 6200 Da), and that of native bovine RLF is about 9200 Da
(calculated 7200 Da).
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FIGURE 2: Panel A: HPLC separation of the reduced and carboxymethylated bovine RLF chains. Chromatography was performed on
Bakerbond wide-pore 4.1× 250 mm. The mobile phase consisted of 0.1% trifluoroacetic acid in water (solvent A) and 0.1% trifluoroacetic
acid in 83% acetonitrile (solvent B). The peptide was eluted with a linear gradient from 20 to 60% B over 30 min at a flow rate of 1
mL/min. Panel B: Primary structure of isolated bovine RLF as compared to synthetic bovine RLF, which consists of identical A chains but
different B chains. The three disulfide bonds in synthetic bovine RLF were specifically synthesized. T1 to T9 are tryptic fragments, isolated
and characterized either by protein sequencing (solid lines) or by amino acid composition (dashed lines). The dashed boxes frame the
sequences of disulfide-linked peptides. The numbers correlate to the tryptic peptides isolated by reversed-phase HPLC shown in panels C
and D. Tryptic digests of synthetic bovine RLF (panel C) and native bovine RLF (panel D). Tryptic fragments were separated on Aquapore
300 (C8; 2.1× 30 mm). The mobile phase consisted of 0.1% trifluoroacetic acid in water (solvent A) and 0.1% trifluoroacetic acid in 80%
acetonitrile (solvent B). The peptide was eluted with a linear gradient from 0 to 40% B over 40 min at a flow rate of 100µL/min. Peptides:
1 ) B25-31; 2 ) B1-6; 3 ) B15-18; 4 ) A1-8; 5 ) A9-17/B7-14; 6 ) A9-17/B1-B14 (by amino acid analysis); 7) A18-26/
B19-24; 8 ) B(-5-6); 9 ) B25-40; 10) A9-17/B(-5-B14) (sequence analysis).
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analysis, by mass spectrometry, and by protein sequencing.
The A chain consisted of 26 residues containing 4S-
carboxymethylcysteines and had a molecular mass of 3028.0
Da (calcd 3027.4 Da).

The sequence of unreduced bovine RLF showed, besides
the A chain sequence, a B chain sequence starting with Gly-
Pro, which comprised about 20% of the A chain quantity.
This indicated that the main fraction of the B chain is
N-terminally blocked. Amino acid analyses of the reduced
and alkylated B chains showed twoS-carboxymethylcys-
teines. Mass spectrometry showed two B chain variants of
different molecular mass; the smaller and more hydrophobic
main fraction had a molecular mass of 4501.5 Da whereas
the larger chain was 4885.5 Da. This is commensurate with
a B chain that is nine residues longer than the B domain
assigned from the cDNA sequence. In addition, the more
hydrophilic (larger) fraction, which comprises approximately
20% of the main component, showed an extension at the N
terminus of five amino acid residues, starting with Gly-Pro-
Ala-Ala-Ala. This observation is in agreement with the
cDNA sequence but puts a processing site into an unexpected
region of the pre-peptide. The sequence matches the molec-
ular mass and the Edman degradation data (Figure 2B).

Tryptic digestion of intact bovine RLF yields two hydro-
philic fragments of the N terminus of the B chain with very
low UV absorbance (Figure 2C,D). The N-terminally blocked
hexapeptide (T2) was clearly identified by amino acid
composition, and the more hydrophobic component (T8),
upon sequencing, showed the five residue extension. The
C-terminal tryptic peptide of the B chains gave rise to a
strong UV positive peak (T9), which is indicative of the
presence of the only tryptophan in the molecule. Trypsin
cleaved neither the Arg-Pro bond (B32/33) nor the Arg-
Glu bond (B39/40) at the C terminus of the B chain. The
derived structure (Figure 2B) matches the calculated mass
of the complete protein sequence as observed during mass
spectrometry which showed a main component of 7175.4
Da (calcd 7175.1 Da) and a minor component of 7560.0 Da
(calcd 7559.5 Da).

The tryptic fragments were also used to identify the
disulfide-bonding pattern. For comparison, we digested
bovine RLF synthesized according to the published cDNA
sequence which consisted of a 26 residue A and a short 31
residue B chain (Figure 2B), and the 3 disulfide bonds as
they are in relaxin (8, 18, 21). The elution profiles of the
tryptic fragments of synthetic and natural bovine RLF
showed near-identity (Figure 2C,D). Retention times, amino
acid composition, and sequence analysis of the two cysteine-
containing peptides (T5 and T7) were identical between the
synthetic and isolated molecules, confirming the relaxin-like
orientation of the chains. This unambiguously identified the

disulfide bond A24/B20 but left a degree of uncertainty for
the positions of the two disulfide bonds within fragment T5
(Figure 2B-D). To clearly identify the natural disulfide
bonds, we synthesized the three different disulfide isomers
of the tryptic fragment T5 (Figure 3A). HPLC analysis
(Figure 3B) indicated that the three isomers have different
chromatographic properties and only the disulfide isomer-3
with disulfide bonds A10/A15 and A11/B8 coeluted with
the tryptic fragment (T5), confirming the relaxin-like disul-
fide bonding in endogenous bovine RLF.

A side-by-side comparison of synthetic and isolated bovine
RLF revealed that both have identical affinities to the
monoclonal antibody 2-8F (Figure 4A). In competitive
binding experiments with the mouse uterine receptor, syn-
thetic bovine RLF showed an ED50 of 0.45 nM whereas the
isolated bovine RLF showed an ED50 of 1.4 nM (Figure 4B).

The RLF content of bovine testes in terms of immune-
reactive material varied significantly between specimens. One
of four testes worked up in this study contained high RLF
levels (5.7 mg total) while the other three contained low RLF
levels (59, 22, and 63µg, respectively). This may indicate a
different state of maturity of the animal from which the
gonads were recovered.

DISCUSSION

This paper concerns the first isolation and biochemical
characterization of the relaxin-like factor from a natural
source. While our work establishes RLF as a relaxin-like
hormone, there are differences between the endogenous
bovine hormone and the cDNA-deduced structure as con-
cerns pro-hormone conversion sites. The endogenous hor-
mone is larger than that deduced from the cDNA, and this
alters measurably the affinity of RLF for its receptor. The
shorter RLF which we synthesized according to the cDNA
shows greater avidity in the receptor-binding assay than the

Table 1: Enrichment of Testicular Bovine RLF during Purificationa

protein
(mg)

recovery
(%)

ED50

(ng/mL)
absolute

yield (mg)

bRLF (synthetic) - - 3.1
acetone powder 880 100 600 5.7
Sephadex G50 173 26.8 350 1.53
Synchropak RP-P 12 12.6 52 0.72
CM-cellulose and HPLC 0.33 5.8 3.1 0.33

a Bovine RLF content was determined by RIA using monoclonal
antibody 2-8F and synthetic bovine RLF as standard.

FIGURE 3: Panel A: Synthesis of the three disulfide isomers of the
tryptic fragment A9-17/B7-14. Acm) acetamidomethyl, SPy)
S-pyridinesulfenyl. Panel B: HPLC separation of the three disulfide
isomers of the tryptic fragment A9-17/B7-14 on Aquapore 300
(C8; 2.1× 30 mm). HPLC conditions are described for Figure 2C,D.
Disulfide bonding: 1) A11/A15 and A10/B8; 2) A10/A11 and
A15/B8; 3 ) A10/A15 and A11/B8.
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larger natural version. During the course of our structure/
function work, we identified Trp(B25) as a crucial residue
for RLF receptor interaction (8, 18, 21). In the endogenous

(larger) hormone, the binding-site tryptophan may actually
be sterically hindered by the nine amino acid residue
extension. Thus, our shortened synthetic version represents
an improvement upon the natural hormone in terms of
receptor binding. Clearly, one must be aware of the pos-
sibility that this extension may have physiological signifi-
cance.

Pre-pro-RLF processing requires at least three specific
enzymes (Figure 5). The first cleavage is due to a signal
peptidase, which produces two N termini, one due to
cleavage between leucine and glycine and the other between
alanine and glutamine. The resulting pro-RLF is converted
to RLF by a furin-like endoprotease with specificity for a
pair of basic amino acid residues at the C-peptide-A chain
junction. An unknown convertase ignores an arginine in
position P2 and cleaves between Glu(B40) and Leu to
remove the connecting peptide from the C terminus of the
B chain. In fact, all pro-RLF cDNAs (1, 2, 11, 12, 22-29),
except for canine pro-RLF (30), show a Glu-Leu-Leu-
sequence in positions P1, P1′, and P2′, which suggests that
this enzyme is guided by a -Glu-Leu-Leu- sequence to affect
C-peptide removal. This is probably also true for human and
marmoset RLF even though these molecules have a pair of
basic amino acids eight residues earlier in the C-terminal
region of the B chain (EARRP) (22, 24). The Arg-Pro bond
in that recognition site is likely resistant to hydrolysis by
trypsin-like enzymes.

Unusual pro-hormone-hormone conversions have been
observed before. One example is the conversion of porcine
pro-relaxin where an unknown enzyme cleaves the B chain/
C-peptide junction between Leu(B32) and Ser(B33). Sub-
sequent carboxypeptidase action accounts for the observed
series of shorter B chains (31, 32). RLF, in contrast, seems
to be processed to a defined product ending in Glu(B40) in
bovidae.

The appearance of two different forms of the B chain is
due to an N-terminal extension and may be caused by
alternative cleavage by the signal peptidase, or due to
subsequent removal of the pentapeptide GPAAA by a
different enzyme. Intermediates are not detected in RLF
preparation so that aminopeptidase action is not likely.
Besides the overall structure of signal peptides, the critical
residues for enzyme recognition are thought to contain small
and neutral residues in positions-3 and -1 (33). This

FIGURE 4: Panel A: Radioimmunoassay of bovine RLF, using
synthetic125I-Tyr(A1)bovine RLF for tracer in combination with
monoclonal antibody 2-8F. Dose-response curves of native bovine
RLF at different stages during the isolation are compared with
synthetic bovine RLF, which served as antigen. Panel B: Receptor-
binding assay of native (open circles) and synthetic (closed circles)
bovine RLF. Assays were performed on crude membrane prepara-
tions of uteri of estrogen-primed mice and synthetic125I-Tyr(A1)-
bovine RLF for tracer. Data points were collected in duplicate. The
presented data are the mean ((SEM) of three independent experi-
ments.

FIGURE 5: Amino acid sequence of bovine pre-pro-RLF as deduced from the cDNA sequence is shown with hypothetical and experimentally
determined processing sites.
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criterion is matched in bovine RLF in the sequence AAA-
QE (-3 to 2) which is hydrolyzed between Ala and Gln by
a type 1 signal peptidase. The five residue longer B chain is
produced by cleavage between Leu and Gly within the
sequence IAL-GP where the-3 and -1 residues are
hydrophobic and bulky, which is a low-preference cleaving
site. Incomplete, partial, or alternative cleavage of signal
peptides in secreted proteins is usually affiliated with deletion
mutations in the N-terminal region of the mature protein (34,
35), or with mutations within the signal peptide as observed
in different disease states (36-38). In bovine RLF, there is
no indication of a mutation in the mature hormone. Conse-
quently, alternative cleavage could be caused by a mutation
in the signal or connecting peptide, or could in this case be
due to two different enzyme reactions, the first cleaving off
the leader peptide at position-5 and the second removing
the now N-terminal pentapeptide.

It is clear that one cannot rely upon cDNA structures and
conjectures about conversion site when a protein needs to
be characterized. At least one member of each group of
proteins has to be isolated and characterized to determine
its biologically active form(s). A number of such small two-
chain proteins that have been discovered by gene technology
are awaiting systematic investigation. While we have syn-
thesized the INSL-4 gene product (39) guessing, as it were,
at the primary structure, disulfide bonds, and chain lengths,
the molecule does not take on an orderly structure in aqueous
solvents (40). On the horizon are INSL-5 and -6 gene
products (41-44), which we have synthesized assuming a
relaxin-like structure, and although they show better physi-
cal-chemical properties than INSL-4, much work needs to
be done before one can be sure that those structures resemble
the biologically active proteins. The RLF data presented here
demonstrate that uncertainties in our predictive powers
should be a real concern.

According to our investigations of the disulfide arrange-
ment, the chain identity and orientation, and the previously
published CD spectrum (8), the relaxin-like factor is indeed
relaxin-like.
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