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USE OF LINEAR AND NONLINEAR LEAST SQUARES ANALYSIS
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Cixcular dichroic spectra obtained for S-carboxymethylated insulin A chain in water : trifluorosthanol mixtures show
that 2 marked conformational transition occuts as the concentration of trifluoroethanol is increased to (v/v) 83% to give a
polypeptide containing about 43% of the residues in the «-helical conformation. Several proposed methods of analysis,
including both lineay and two nonlinear least squares methods, were unable to quantitate the amount of §-structure present
in the polypeptide in 83% trifluorocthanol. Examination of the methods of analysis lead to the conclusion that the current
models for far UV CD analysis are not adequare for the data obtained in this study and shows that nonlinear least squares

procedures may lead to erroneous conclusions.

1. Introduction

The analysis of the far UV CD spectra of globular
proteins has been the subject of many investigations
which have sought to improve the reliability of the es-
timates obtained for the secondary structure content.
Of much current interest are the structure-conforma-
tion-function relationships of small polypeptide hor-
mones. Studies which seek to determine the degree
and stability of secondary structure content of small
polypeptides may yield vseful information on the rela-
tionship of conformation and biological activity. In
this context ithis study seeks to explore the usefulness
of proposed methaods of analysis for the estimation of
the secondary structure content of small polypeptides.

A recent report suggests that the degradation of in-
sulin by glutathjone-insulin transhydrogenase of the
fat cell is linked to the increase in phosphodiesterase
activity observed on addition of insulin {1]. This work
suggests that the separate chains of insulin may mediate
the increase in phosphodiesterase activity. In view of
this, it becomes of interest to examine the conforma-
tion of the insulin chains in both aqueous solution and
in solvents which promote conformational transitions.
Therefore, this study will explore the capacity of the
A chain of insulin to assume a well defined structure
in selvents which mimic a membrane environment by

virtue of their hydrophobic characteristics. Such
studies should lead to a better understanding of the
relationship between conformation and biological ac-
tivity for the various functions of the insulin molecule.

2. Materials and methods

S-carboxymethylated (S-CM) porcine insulin A chain
was purchased from Schwarz/Mann (lot 22-1660). Con-
tamination with B chain was completely absent as
judged by the lack of even a trace of phenylalanine
and basic amino acids after hydrolysis in 4 N methane-
sulfonic acid for 20 h at 110°C.Guanidinium chloride
(Gdm-Cl) was Heico ultra-pure grade. 2,2, 2-trifluoro-
ethanol (TFE) was spectroscopic grade from Matheson,
Coleman, and Bell. Other salts were of reagent quality.
Stock solutions of A chain were prepared in 0.5 M KCl,
50 mM Tris-HCl with the pH adjusted to 7.0. Dilutions
were made such that the final solutions were 0.1 M KCi,
10 mM Tris-HCI, with TFE or Gdm -Cl present. Con-
centrations of stack solutions were determined spectro-
photometrically, with corrections for light-scattering
[2], using an extinction coefficient for the tyrosyl
chromophore in water of 1400 £ mole~1 cm~1 [2].

CD spectra were obtained with a Cary 60 spectro-
polarimeter equipped with 2 model 6002 CD attach-
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ment. Pathifengths of 0.05 to 2.0 cm were used; the
sample temperature was maintained at 25.0 £0.2°C
by a circulating water bath and thermostated cell
compartment.

3. Mathematical methods

The methods used in the analysis of the far UV CD
data are described as follows. The basic assumptions
common to these methods pertain to the equation

[6]S%P = £, [61% + 3168 + /R IOIR. (1)

where the f’s denote the fraction of a particular con-
formation, e.g., a-helix (a), B-structure (B), or the
aperiodic conformer (R), and [8 ]i"p refers to the ex-
perimental ellipticity at a wavelength A.

One common method used to estimate f,,, }‘;3, and
Ir from CD spectra is the linear least squares method
described by Chen et al. {3—5] In this approach the
value of fp is determined as 1 —f, f A set of refer-
ence spectra ([0]%, [GI,L, [9],}5) is chosen and a linear_"
least squares fit of eq. (1) is used. In our implementa-
tion, the sum of 1, j"s, SR was constrained to be unity,
but £, and 1z were not required to be >0.

As a check on this method of analysis; 2 completely
unconstrained least squares fit may also be computed.
In this case, a completely suitable reference spectra
set would return a reasonable fit to the data along
with a sum for f, S, and fg close to unity.

The above two methods may be used to estimate
the secondary structure content of proteins under a
defined set of solution conditions. Frequently it is
possible to obtain a series of far UV CD spectra for a
polypeptide by varying the temperature and solvent,
such that a family of curves are obtained. For such a
family, eq. (1) is still considered to be applicable for
each curve in the set. Markussen and V@lund [6]
pointed out that in such a situatior. it becomes possi-
ble to fit the entire family of spectra to eq. (1), using
the criterion of least squares. With this approach it be-
comes possible to solve also for the estimated random
coil spectrum.

This approach arises from the hypothesis that while
the reference spectra for the completely a-helical and
completely #-sheet formns may be regarded as accurate,
the reference spectra for the aperiodic form is uncer-
tain. This uncertainty arises from the concept that dif-

fering proteins may possess differing aperiodic CD
spectra due to variability in disulfide content, aromatic
contributions to the far UV CD spectrum, and amino
acicl sequence.

Thus, for the nonlinear approach, [6] 5, ineq. (1)
is regarded as part of the parameter set to be estimated.
Their method used the NILES pracedure described by
Wold {7]. In this algorithm, an initizl guess is used for
[9]], and a series of successive linear least squares
steps leads to the final estimates for f,, fﬁ, Jg,and
[o}R a - Convergence proofs for this algorithm have not
been presented, and only empirical evidence exists that
convergence occurs. The sum f, + Jz* fr is constrained
to be one.

The fourth method is the nonlinear least squares
algorithim of Marquardt [8,9] as implemented in the
XZSSQ routine of the International Mathematical and
Statistical Library [10]. This implementation uses a
forward-finite difference method for estimation of the
required partial derivatives. Convergence was considered
obtained when the residual sum of squares for two suc-
cessive iterations had a relative difference less than
10-6 to 10—4. Restrictive convergence criteria (10—6)
were employed when the initial guess for the param-
eters was such that the value for the Marquardt param-
eter became very large, leading to extremely short steps
in the first few iterations.

The equation used for the Marquardt method was
moadified to constrain f,,, Jg=0. The equation fitted
was

BIFF = (£ (015 + )P 01
L=~ GRPIBIR . )

Upon convergence, £, for a particular spectrum is
given by (fa) ;g by (fb) . This process ensures posi-
tive values for f, and Ja-

Approximate standard errors for the parameter esti-
mates were computed using the assumption that in the
neighborhood of the solution that the function on
the right side of eq. (2) may be approximated by a
linear one-term Taylor series and that the variance in
[013® is uncorrelated and un‘form. Under these as-
sumptions the covariance matrix < given by [11]

V, =202N-1= 202[ 231 (3f./20) 3. faa)T] B
u:
3)
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In eq. (3), o2 is estimated from the residual sum 4. Results

squares, and £, is the function defined by the right
side of eq. (2), where [#] is the set of parameters be-
ing estimated. For the constrained equation (2) an ad-
ditional problem arises in that we obtain fj, not f,.
In order to estimate the standard deviation for £,
knowing an approximate standard deviation for For
we assume that the variance of f, is given by [12]

The CD spectra of S-CM insulin A chain are shown
in fig. 1. As the concentration of TFE is increased
from 0% to 83% (v/v), the polypeptide appears to
undergo a considerable conformational change, with
the appearance of a spectrum in 83% TFE which re-
sembles that of a protein with about 50% a-helicity
[3]. At intermediate TFE concentrations, a distinct

V()= B UV (4a) shoulder appears at about 213 nm: this is indicative of
~ (FTN2 4b B-structure. Near UV CD spectra were abtained in aqu-
g(f) =) @) s buffer, 6 M Gdm-Cl, and 80% (v/v) TFE (all solu-

Thus, knowing the standard deviation of f, and fp, it
is possible to compute the standard deviation'of f,,
and fg for each curve. This last approximation was
checked by analyzing several data sets using an uncon-
strained algorithm. The approximate standard errors
obtained were in good agreement.

tions contained 0.1 M KCl, 10 mM Tris-HCI, pH 7).
A drastic alteration in the near UV CD spectrum is
seen as the solvent is changed from water to either
80% TFE or 6 M Gdm-Cl.

Given the family of far UV CD spectra in fig. 1, it
is of interest to quantitate the changes in secondary
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Fig. 1. CD spectra of S-CM insulin A chain. Left panel: Far UV CD spectra obtained in water, 6M Gdm - Cl, and water: TFE mix-
tures (5%, v/v). Right panel: Near UV CD spectra obtained in water (—); in & M Gdm - Cl (—.-), and in 80% (v/v) TFE (-—-).

All solvents contzined 0.1 M K(1, 10 mM Tris-HCl, pH 7.
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structure content accompanying solvent alterations.
The CD data, which extend (except for the Gdm-Cl
curve) with reasonable precision to 200 nm, cover a
fairly wide range of ellipticity values. In attempts to
analyze these data, two wavelength ranges were selected:
243--201 nm, and 243—210 nm. The former range ex-
cludes the Gdm-Cl data; the {atter includes all seven
curves, but excludes the 210—-200 nm region where
marked changes occur with increasing TFE concentra-
tions. It has been suggested that the 210—-200 nm
region is unsuitable for secondary content analysis be-
cause of the large chain-length dependence of the rota-
tional strength of the 208 nm a-helix CD band [13].
For all analyses below, the reference spectra of Chen
et al. [S] were used.

Results obtained by linear least squares where f,
and f, are not constrained to be O or greater) are given
in table 1. For the 243—-201 nm interval, the extremely
poor fit, especially to the data obtained using high
TFE concentrations, is apparent. In the 243-210 nm
interval, the lack of fit is about twice the experimenial
error in [0]{*P. These results suggest that the CYC
basis spectra set [5] are not adequaie for this polypep-
tide and that a good deal of the difficulty arises from
the 201210 nm region.

Table 2 gives the results obtained using unconstrained

least squares. The much better fit to the data results
from the deletion of the constraint that f, +fg + fg = 1.
This method of analysis suggests that the reference

Table 1
Analysis by constrained 2) least squares

L.A. Holladay{CD of insulin A chain

spectra set [S] used are not adequate for this polypep-
tide, as the sum f, + f3 ¥ fg is greater than 1.5 for four
of the six spectra in the 243--201 nm interval. Dropping
the 210-201 nm region marginzlly improves the agree-
ment between f, + fz + /g and 1.

Both tables 1 and 2 give resulis which suggest that
the far UV CD spectra of S-CM insulin A chain caanot
be adequately described by the CYC basis spectra set.
This point leads to the hypothesis that the basis spectra
for the c-helical and $-sheet conformations may be cor-
rect, but that the random coil spectrum may not be
suitable for this analysis. Thus, further analysis will
pool all of the data in either the 243201 nm range or
the 243210 nm range and will solve for the estimated
random coil spectrum of S-CM insulin A chain as well
as for the secondary structure content of each curve
subject to the constraint that f + f‘ﬁ + fgr sum to one
and thatf_, fz =0.

Results obtained using the NILES algorithm pro-
posed by Markussen and Vélund are given in table 3
for both wavelength ranges. An approximate two fold
reduction in the sum of squared residuals is obtained
for both wavelength intervals. Convergence was con-
sidered obtained when the residual sum of squares for
two successive iterations had a relative difference of
<10~5. It is apparent from examination of [@] . for
the various curves that the fit obtained to the data
for S-CM insulin A chain in 0.1 M KCl, 10 mM Tris,
rH 7, is particularly poor, and that the fit becomes

(A) interval 243201 nm

% (v/v) TFE: o 17 33 50 67 83

fa 0.10 0.23 0.32 0.34 0.38 047

A 0.24 6.12 0.00 -0.09 ~0.08 -0.14

R 0.66 0.65 0.68 0.75 0.70 0.67

[lres ® 598 1199 2327 2625 2917 3569

(B) interval 243210 nm

% (v/v) TFE: 0 17 33 50 67 83 0 (6 M Gdm-CD)
fx 0.10 0.21 0.28 0.30 0.34 041 0.07
/3 0.21 0.28 0.32 033 e.77 042 0.32
e 0.69 0.51 0.40 0.37 0.29 0.17 0.61
[6])res P - 287 617 795 654 852 681 1019

a) Efot f + fR is constrained to be unity, but £, and fg are not constrained to be 0.
) (6 ]res is calculated as [(S& r§)/(2— p)}1/2, where 1 is the number of data points (3 nm intervals), and pis2.
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Table 2
Analysis by unconstrained least squares
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{A) interval 243201 nm

% {vjv) TFE: 0 17 33 50 67 83

fo 0.10 0.21 0.28 0.30 0.34 0.42

fa 0.23 0.31 0.39 0.35 0.43 0.47

r 0.65 0.77 093 1.02 1.01 1.04

=f; 0.98 1.30 1.60 .69 1.79 1.93

01res® 619 560 792 873 669 1290

{(B) interval 243210 nm

% (v[v} TFE: 0 17 33 50 67 83 06 M Gdm-CD
Ta 0.10 0.21 0.28 0.30 0.34 0.41 0.07
fs 0.21 0.30 0.37 0.36 0.42 0.44 0.38
i:3 0.63 0.84 0.98 Q.81 0.86 Q.46 1.32
=f; 0.93 1.35 1.63 147 1.62 1.31 1.77
[01res ®) 291 492 336 384 488 608 536

2) (8] e is calculated as [(Sf, rf)/(n ~ p)] 12, where 1 is the number of data points, and p is 3.

Table 3
Analysis by constrained NILES algorithm

(A) interval 243201 nm

% (v/v) TFE: 0 17 33 50 67 83

fa 0.09 0.21 0.30 0.32 0.37 0.44

15 0.49 0.33 0.19 0.12 0.09 0.00

» 0.42 0.46 0.52 0.56 0.54 0.55

C) 2255 997 458 593 908 1905

overall [8]5es ®) = 1515.3

(B) interval 243210 nm

% {vfv) TFE: ] 17 33 50 67 83 0 {6 M Gdm-Cl}
f 0.12 0.23 0.29 0.32 0.35 042 0.09
I 0.05 0.13 0.20 0.21 0.27 0.35 0.17
R 0.83 0.64 0.51 0.47 0.38 0.23 0.74
[0)res® 956 273 309 237 495 524 409

averall {6 Jres P? = 560.7

3) (8 Iesidual is calculated as [(E5%; r#)/(n — 2)]¥2, where 1 is the number of data points for that curve.
b) (6 ]sesiqual is calculated as (=R, r})/(m - p)]'2, where m is the total number of data points, and p is the total number of

parameters determined.

very unsatisfactory as the lower end of the wavelength
range is increased from 210 nm to 201 nm. While the
estimates for f, agree closely for parts A and B of
table 3, the values for f; differ greatly. The operation
of the NILES algorithm does not conveniently supply
estimates for the standard errors of the parameters.
The Marquardt method was chosen because of its

proven ability to converge with reasonable rapidity
from poor guesses. Moreover, at the termination of
the procedure the matrix N—1 is available for examina-
tion. The great difficulty with any nonlinear least
squares algorithm is that convergence to the global
minimum may not be obtained if either the sum of
squares surface is poorly conditioned or if local mini-
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ma lie in the region of the initial guess. We chose to the values for f, and f; from table 1 with negative
investigate the sum of squares surface by using two values set to zero. It is clear that two initial starting
sets of inifial guesses for the parameter estimates. points have led to convergence at two different ap-

In parts A and C of table 4 the initial guess for the parent minima, with considerably different values for
aperiodic spectrum was the spectrum reported for the fg- It should be noted that the differences in values
aperiodic conformer by Chen et al. [5], together with for f; in parts A and B of table 4 are very nearly all
Table 4

Analysis by constrained Marquardt algorithm

(A) interval 243-201 nm

% (v/v) TFE S (initial) fo (final) est.S.D. fg (initial) fg (final) est.S.D. [O]resa)
0 o109 a.10 0.08 0.24 0.31 0.19 1897

17 0.23 0.23 0.68 0.12 0.17 0.14 815

33 0.32 0.31 0.10 0.00 0.04 0.07 547

50 0.34 0.32 0.10 0.00 0.00 0.01 718

67 0.38 0.36 0.:0 0.00 0.01 0.02 1045

83 0.47 0.44 0.11 0.00 0.00 0.00 1988

overall [8]res = 1445.3
(B) interval 243—201 nm

0 0.09 ©) 0.08 0.04 0.49 0.50 0.16 2033
17 0.21 0.21 0.07 0.33 0.35 0.14 944
33 0.30 0.30 0.08 0.19 0.22 0.11 450
50 0.32 0.32 0.08 0.12 0.15 0.09 541
67 0.37 0.37 0.08 0.09 0.13 0.08 784
83 0.44 045 0.09 0.00 0.06 0.06 1473

overall [8§es = 1309.1
(C) interval 243-210 nm

6 M Gdm-Cl 0.07 ®) 0.04 0.02 0.21 0.23 0.17 250
buffer 0.16 0.06 0.02 0.21 0.23 0.15 866
17% (v/v) TFE 0.21 0.19 0.04 0.28 0.30 0.16 262
33% (v/v) TFE 0.28 0.26 0.04 0.32 0.33 0.17 411
50% (v/v) TFE 0.30 0.29 0.04 0.33 0.33 0.17 323
67% (v/v) TFE 0.34 0.33 0.05 0.37 0.37 0.18 613
83% (v/v) TFE 0.41 041 0.05 042 042 0.19 565

overall [8 ] es = 560.7
(D) interval 243—-210 nm

6 M Gdm-{1 0.09 9 0.09 0.02 0.17 0.13 0.12 249
buffer 0.12 0.12 0.03 0.05 0.05 0.07 867
17% (v/v) TFE 0.23 0.23 0.04 0.13 0.13 0.12 262
33% (v/v) TFE 0.29 0.29 0.04 0.20 0.19 0.15 411
50% (v/v) TFE 0.32 0.32 0.04 0.21 0.21 0.16 323
67% (v/v) TFE 0.35 0.35 0.04 0.27 0.27 0.18 613
83% (v/v) TFE 0.42 0.42 0.05 0.35 0.36 0.20 565

overall [8]es = 566.7

2) For examination of the lack of fit to each separate curve [8]eg is taken as [(2?:1 r;?')l (n —2)]12, where n is the number of
data points for that curve.
The initial guess was taken from the parameter estimates obtained from the linear least squares method, along with the CYC
estimate for the aperiodic spectrum.

©) The initial guess was taken from the final values of the parameter estimates obtained by the NILES algorithm of Markussen and
Vélund.
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within one estimated standard error. The most striking
aspect of table 4 is the fact that the Marquardt algo-
rithm succeeded in considerably reducing the sum of
squared residuals (part B) below that corresponding
to the solution obtained by the NILES algorithm
(table 3, part A). Thus, the NILES algorithm appears
to have reached a point on the sum of squares susface
at which further iterations failed to substantially re-
duce the sum of squares, while the Marquardt algo-
rithm, beginning at that point, fairly rapidly reached
a lower apparent minimum.

In parts C and D of table 4 are shown results for
the 243—-210 nm wavelength range when two initial
starting points are chosen. In this case, two differing
solutions were obtained, having an identical value for
the residual sum of squares, but very different esti-
mates for the content of S-sheet under the various
solution conditions. Again, the differences in the esti-
mates for f, are of the same size as the estimated stan-
dard errors for fk. The estimates obtained for a-helicity
for all the spectra, for all solutions in table 4, appear
in close agreement, with differences being of about
the same size as the estimated standard errorin f,.
The estimates obtained for the aperiodic CD spectrum
of S-CM insulin A chain are shown in fig. 2. For the
243210 nm interval, the estimated standard error
for [0]R was about 1800 deg cm?2/dmole, and for the
243—201 nm interval about 4900 deg cm?/dmole.
The estimates obtained for the aperiodic spectrum by
the Marquardt algorithm are shown in fig. 2.

5. Discussion

Several assumptions are presenfly required to esti-
mate secondary structure content from a CD spectrum.
Firstly, it is assumed that the optical activity associated
with the far UV transitions of the aromatic chromo-
phores are negligible compared with the peptide contri-
bution. Secondly, the assumption that a unique refer-
ence spectra set, computed from the known secondary
structure contents (obtained via X-ray diffraction) and
CD specira of standard proteins, will be suitable for
the analysis of a particular polypeptide is made. Third-
ly, it is suggested that if a family of curves is available,
the aperiodic conformer will have the same CD spec-
trum under the various solution conditions used, and
that pooled data can be used to obtain more accurate
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Fig. 2. The estimated CD spectrum ot the aperiodic conformer
as calculated using the Marquardt algorithm. Curves A, B, Cand
D refer to the estimates obtained in parts A, B, C and D of table
4. Standard error bars given for curves A and D are comparable
to those obtained for curves B and C, respectively (not shown
for clarity). The dotted line is the CD spectrum of the aperiodic
conformer given by Chen et al. [5].

estimates for the secondary structure content if the
CD spectrum of the aperiodic conformer becomes part
of the parameter set to be estimated. The CD results
obtained with the S-CM insulin A chain indicate that
most, if not all, of these assumptions are invalid for
this polypeptide.

The results given in tables 1 and 2 demonstrate the
unsuitability of the basis spectra set of Chen et al. [5]
for this polypeptide. The data also show that the prob-
lern with the basis spectra set is particularly severe
below 210 nm. At this point it seems plausible to sup-
pose that a different reference spectrum for the aperi-
odic conformer might remedy this extreme lack of fit
and uncertainty in f, values. It appears that the CYC
aperiodic reference spectrum is unsuitable, and an
examination of the CD spectra of the S-CM insulin A
chain in buffer and in 6 M Gdm-CI reveals that in buf-
fer the polypeptide may possess a small amount of or-
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dered structure and, thus, this spectrum could nct be
censidered as the aperiodic reference spectrum. The
data for §-CM insulin A chain in 6 M Gdm-Cl are
reasonably accurate only to about 215 nm; use of
this data as a reference spectrum for the aperiodic
conformer would exclude much of the data from the
analytical process.

Therefore, we are led to consider the next possibili
ty. This is to permit the aperiodic spectrum to be part
of the parameter set to be estimated, assuming that it
remains constant as solution conditions are changed.
Because of the fact that nonlinear regression proce-
dures have many hazards including the problem of the
initial guess for the parameters, possible convergence
problems, and possible existence of local as well as
global minima, two different algorithms were explored.
The results obtained suggest for the set of far UV CD
data analyzed here that the following generalizations
are valid. The most straightforwar-d process for obtain-
ing an initial guess for the parameter estimates, linear
least squares results, along with the aperiodic spectrum
of Chen et al. [S], seetns to be adequate for the
Marquardt algorithm. The number of iterations re-
quired for each algorithm to reach convergence were
about the same, however, the computer time per itera-
tion is larger for the Marquardt algorithm. The residual
sum of squares surface for both the 243-201 nm and
the 243—210 nm wavelength interval appears to be
very poorly conditioned. For the 243—210 nm inter-
val, multiple minima, with the same value for the resi-
dual sum of squares, exist. For both wavelength inter-
vals, the likely error in £, seems to be about 0.05-0.10,
while the uncertainty in fg is considerably larger, 0.10
to 0.20. In short, it appears that once the aperiodic
spectrum is added to the paramester set to be esti-
mated, the amount of B-sheet becomes very difficult
to estimate with any reascnable degree of precision.

Examination of the lack of fit obtained in parts A
and B of table 4 suggest that even allowing the aperiod-
ic spectrum to vary in order to increase the degree of
fit to the experimental data still does not produce an
acceptable fit to most of the spectra. There are two
possible explanations for this lack of fit. First, the as-
sumption that the apericdic spectrum remains con-
stant as the solvent composition is changed may not
be valid. Examination of the near UV CD spectra in
fig. 1 shows a substantial alteration in the tyrosyl
near UV CD bands as the solvent is changed. It is pos-

sible that similar changes occur in the tyrosyl contri-
bution to the far UV CD spectrum, negating the as-
sumption of a constant aperiodic spectrum. A second
possibility is that the reference spectra reported by
Chen et al. [5] for the a-helical and 8-sheet confor-
mers may not suitably describe the peptide chromo-
phore of S-CM insulin A chain in the 210—-201 nm
region. No firm evidence exists to rule out either of
these two possibilities.

In summary, while this study has elucidated some
problems involved in several proposed metheds for far
UV CD analysis, the various methods which have been
examined have all failed to provide reasonably precise
estimates for the content of f-sheet structure in S-CM
insulin A chain in various concentrations of TFE. This
study illustrates the hazards involved in the nonlinear
least squares method. It is clear that estimates obtain-
ed for f,, and f; from a single initial starting guess
should not be accepted without careful consideration
of the problems of the large standard errors in fg, the
very ill-conditioned sum of squares surface, and the
possible existence of multiple, equally good, minima
on the surface.

S-CM insulin A chain appears to possess a very small
amount of structure in aqueous buffers, to be essential-
ly unordered in 6 M Gdm-Cl, and to undergo a confor-
mational transition as the concentration of TFE is in-
creased to 83% to give a structure which is about 45%
a-helical, with an essentially indeterminate amount of
f-sheet present.
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