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SUMMARY : The far W CD spectra of insulin and relaxin have been compared and 
shown to possess essentially similar features. Where differences occur, such 
as in the 222 nm band, they can be attributed to the tendency of insulin to 
form dimers. The ratio of the 195/208 run bands is 1.54 for porcine relaxin 
and thus intermediate between the value of 0.79 for insulin of hystricomorphs 
and 2.05 for porcine insulin. Comparison of porcine relaxin with desAsn- 
desAla insulin suggests that the relaxin structure is similar to the structure 
of insulin in solution and thus compatible with the models previously con- 
structed on the insulin coordinates. 

The primary structure of the ovarian peptide hormone relaxin (1, 2, 3, 

4) can be accommodated without strain in the previously established three- 

dimensional structure of insulin (5). This insulin-like conformation might, 

however, be only one of several structures the relaxin chain could assume in 

solution and the ultimate proof of the similarity of relaxin with insulin must 

be derived from further experimental evidence. The well-known structure of 

insulin and its CD spectra (6, 7) invited a comparative study between the two 

hormones. The results of this study of CD spectra of insulin, insulin deriva- 

tives, and relaxin leads one to postulate that the proposed relaxin model is 

correct (8). 

MATERIALS AND METHODS: The relaxin used in this study was purified from an 
ovarian acetone extract (NIH) by a method similar to that of Sherwood and 
O'Byrne (9). The relaxin thus obtained was previously used for the primary 
structure determination in our laboratory (10). Porcine insulin has been 
donated by Dr. W. Bromer (Eli Lilly Co.) and was freed from zinc by gel chro- 
matography on Sephadex G-50 fine in 1 M acidic acid. Minor impurities were 
removed from the insulin by chromatography on Sephadex G-50 superfine, using 
6 M guanidine.HCl as eluant. The salt was subsequently removed on a Sephadex 
G-25 column equilibrated with 0.05 M ammonium bicarbonate. All other chemicals 
used were analytical grade. 

The proteins were dissolved in 0.01 M Tris-HCl (pH 7.2). Stock solutions 
of zinc-free insulin and relaxin were prepared and aliquots of 100 ul were 
withdrawn and hydrolyzed in 6 N HCl for 24 hr at 117'C for subsequent amino 
acid analyses. From the amino acid analysis data the concentration of each 
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stock solution was calculated in order to allow evaluation of the CD spectra. 
The solutions prepared for CD analysis contained 0.005% sodium aside as pre- 
servative. Circular dichroism measurements were made using a 0.02 and a 0.05 
cm cell with a scale expansion of 0.01' or 0.04' full scale. For the near UV 
measurements a 1 cm cell and a scale expansion of 0.02' or 0.04' (full range) 
was used. All measurements were performed on a Cary model 60,CD spectrometer. 
The continuous spectra obtained were redrawn such that the buffer blank repre- 
sents the base line. To obtain the Zn-insulin or Zn-relaxin spectra ZnSO4 was 
added to the samples in concentrated form (5 pi/ml of hormone solution). Since 
mainly comparative data to the well-known insulin spectra were sought, no 
attempt was made to accurately measure the pathlength of the cells employed. 
The CD spectrometer was standardized with d-lo-camphosulfonic acid. The re- 
sults are reported as mean residual ellipticities according to the expression 

[el, = (Y) (MRW) 

10 (cl (a) 

where Y is the observed rotation; MRW, the mean residual weight; C, the con- 
centration in g/ml; and R, the pathlength of the cell in centimeters (11). 

RESULTS AND DISCUSSION: Although the primary structures of relaxin and insu- 

lin are homologous (or conservatively substituted) to only about 40% of their 

amino acid residues the disulfide links in the two hormones are identical (4). 

The surprisingly perfect fit of the relaxin sequence into the insulin coordi- 

nate system was in part due to the complimentary replacement of amino acids 

located in opposing positions and through retention of what constitutes the 

hydrophobic core in insulin (5, 6, 8). To test whether the assumptions made 

to construct the relaxin models, based on insulin coordinates, were indeed 

realistic, the circular dichroic spectra of both molecules were compared 

(Fig. 1). The result suggests strongly that porcine relaxin is more closely 

related to porcine insulin than guinea pig insulin is to porcine insulin. It 

is known that guinea pig insulin has a perturbed structure which may assume 

insulin conformation only while interacting with a receptor (6), and therefore 

show a lower biological activity. The slightly more intense signal elicited 

by relaxin in the far UV region of the spectrum is shifted to a shorter wave- 

length and the ratio of the ellipticities at 209 nm and 195 nm of porcine relaxin 

is less than that of porcine insulin but much higher than the same ratio for 

guinea pig insulin (6) (Table I). This would support the contention that the 

two structures are essentially alike. The complete absence of insulin activi- 
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Fig. 1 Comparison of relaxin (line 2) with zinc-free porcine insulin (line 1) 
(SO j.IM) and a 40 m solution of guinea pig insulin (line 3) (from 
ref. 6). The slight blue shift of the relaxin spectrum compared to 
that of insulin is consistantly observed. The porcine relaxin and 
insulin samples were dissolved in 10 mM Tris.HCl at pH 7.2. 

Fig. 2 CD spectra of insulin and relaxin containing 0.5 moles of Zn per 
mole of protein monomer. The spectrum of relaxin (2) remains un- 
changed while insulin (1) shows a strong shift in relative intensity 
of the extremes of its spectrum. 

Table I 

COMPARISON OF MINIMA AND MAXIMA OF THE RELAXIN AND INSULIN SPECTRA 

Atom Zn 
Hormone* Monomer [e],g5/[e]208 [el208/[el222 

Insulin (Bovine) 0 2.05 1.38 4* 

Insulin 0.5 2.28 1.29** 

Insulin 
(Guinea Pig) 0 0.49 1.79** 

Relaxin 0 1.54 1.66 

Relaxin 0.5 1.54 1.65 

'All hormone solutions were 40 PM 

**From reference t6 
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ty in the relaxin molecule is therefore most likely not attributable to con- 

formational differences but rather to side chain replacements and differences 

at the C and N termini. 

The large differences in the 209/222 nm ratios are probably due to the 

tendency of insulin to form dimers in the absence of zinc (8). At greater 

dilutions (Fig. 2) the insulin spectrum at 222 nm changes such as to more 

closely resemble that of relaxin. The addition of ZnSOq (2.5 x 10-4 in a 

5 x 10 -4 M solution of insulin) significantly strengthened the 222 nm band; 

zinc addition to relaxin had no effect in the far W spectrum (Fig. 2). Con- 

versely, the adaition of benzopurpurine 4-B, a compound that enhances the acti- 

vity of exogenous relaxin in mice (12), induces a more prominent 222 nm band in 

the relaxin spectrum and thereby leads to a more insulin-like appearance. In 

analogy to insulin the dye might provide a hydrophobic surface to induce dimer 

formation in relaxin. Conversely benzopurpurine could induce a conformational 

change into the C-terminal portion of relaxin that is otherwise free to inter- 

act with the solvent (Fig. 3). 

The importance of this C-terminal region for the insulin structure and 

its biological activity is supported by experiments with desAsn-desAla and des- 

octapeptide-insulin (14, 13). The desAsn-desAla-insulin cannot form an ion 

pair between Asn (A21) and Arg (B22). The structural disturbance created is 

evident from the CD data depicted in Fig. 4, where relaxin is compared to des- 

Asn-de&da-insulin with and without zinc. The spectrum of the desoctapeptide- 

insulin is similar to that of the desAsn-desAla-insulin. Again the main diffe- 

rence between relaxin and insulin appears to be due to the structure in the C- 

terminal region. Modifications that do disturb the insulin structure suffici- 

ently to prevent or diminish dimer formation also cause the CD spectra to shift 

to a relaxin-like appearance. 

The near W spectra of insulin and relaxin differ in accordance with the 

chromophores in each hormone. Relaxin contains two residues of tryptophan and 

one phenylalanyl residue compared to tyrosyl and phenylalanyl residues in insu- 
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Fig. 3 The effect of benzopurpurine on the CD spectrum of relaxin. Curve 1, 
zinc-free insulin (50 M); curve 2, relaxin (50 PM); and curve 3, 
relaxin (50 PM, 25 PM in benzopurpurine 4-B). 

Fig. 4 The CD spectra of insulin (l), desAsn-desAla-insulin without zinc (2), 
with zinc (3), and relaxin (b), are depicted. The hormone concentra- 
tions were 40 nM for relaxin and native insulin, 50 I-IM for desbsn- 
de&La-insulin, and 25 PM for ZnS04. Curve 2 and 3 are redrawn from 
ref. 13. 

lin. Fig. 5 is included to demonstrate the lack of effect of zinc ions on the 

relaxin spectrum compared to the well-known effect in insulin. 

The display of the backbone structure of the two hormones in Fig. 6 was 

generated from the scale models (7) and shows the features (helices) likely 

to be responsible for the spectral similarity (see 195/208 nm ratio). It is 

also clear that the two C-terminal tails of insulin are longer than those in 

relaxin and therefore more likely to make significant structural contributions 

during dimer formation, a fact not observed with relaxin (208/222 nm ratio). 

In addition, a missing C-terminal residue in the A chain of relaxin and the 

lack of a basic residue in the position corresonding to insulin B22 (conditions 

that allow for a stabilizing saltbridge formation in insulin) are sufficient 

to account for the differences in ellipticity although the bulk of both mole- 

cules is alike. A minor condition contributing to possible differences in 

helix energies might be due to the presence in relaxin of two Arg residues in 

positions Bg and B13 (this designates the second and sixth residue after the 
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Fig. 5 New W CD spectra of insulin (50 m) with zinc (25 @I) (1) and with- 
out zinc (2) as well as relaxin (40 pM) with and without zinc (3 and 
4). 

p $1 
a. INSULIN d. RELAXIN 

Fig. 6 Comparison of the backbone structures of insulin and relaxin. The 
open line at the N terminus of the relaxin A chain designates an 
extension not present in insulin while the open line at the C terminus 
of the B chain designates missing residues compared to the insulin. 
The arrow points to the region of the B chain helix that contains the 
two juxtapositioned Arg residues (see text). 
(Drawings from ref. 6 with permission by Dr. T. L. Blundell) 

first Cys residue according to the insulin numbering system). Although this 

helix-breaking effect is offset by saltbridges formed between Glu (B17) and 

and Arg (B-& as well as Arg (Bg) and Glu (A4), the restriction in degrees 

of freedom of the guanidino groups could lead to a higher energy content in 

the relaxin helix compared to the analogue structure in insulin. 
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From these studies it appears that the bulk of insulin and relaxin 

assume a similar conformation in solution and that differences are sufficient- 

ly small to be commensurate with differences in chainlength and chromophores 

of the two hormones. This leads to the conclusion that the model of relaxin 

built on insulin coordinates is likely to be correct (8, 15). 

Relaxin thus joins the "insulin group" of hOImOAt?s with respect to di- 

sulfide bond distribution and conformation. Unlike the insulin-like growth 

factor or proinsulin, relaxin has no insulin activity nor does it share anti- 

genie sites with insulin and thereby constitutes further evidence that quite 

unrelated functions may originate from duplicate genes. 
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