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TABLE 1. The {B;;} values of the two Gaussian sequences used in the computations. Since the matrices are symmetric, only half of each is shown; the first
Gaussian sequence is above the diagonal, and the second is below. Due to the constraints of the square lattice, only odd contact orders (j—i) are possible.
There is no interaction between residues adjacent in sequence or between a residue and itself.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 -0.4923 1.0474 -0.5436 1.1895 -2.1095 -0.7512 -0.0469

2 1.3830 . -1.2977 -0.1408 0.0940 0.9985 -1.8114

3 -0.1705 1.1223 -0.3847 -0.2865 0.3283 -1.0435

4 1.9063 -1.0519 0.5629 0.3252 -0.5998 1.7539

5 -0.9914 -0.2118 1.1253 1.8313 0.0326 0.3624

6 -0.8975 -0.9801 -1.6053 0.4711 0.0228 0.3899

7 -0.6782 -0.3037 0.2471 -1.3267 -1.4820 -0.3501

8 0.0770 -0.0625 -0.0651 -0.1171 -0.2125 -0.5015

9 1.1379 . 0.2209 -1.0613 0.0594 0.6888 -0.2472
10 1.6883 -0.6560 1.5177 -0.4063 0.5166 1.1651
11 0.0821 -0.9717 -0.8259 1.3644 -0.2958 -1.,7203
12 -0.6494 -0.3041 1.3921 0.8901 0.6439 -0.0592
13 0.5539 -0.8744 -1.779%0 1.3071 -1.5915 0.3877

14 0.8742 -0.7576 -0.9366 0.3860 0.8944 ) 0.2272

15 -0.6158 -0.2275 0.7045 0.3967 =-0.7950 0.6108

16 0.2781 -0.2991 -1.5168 -0.8012 0.1926 -1.1363 -0.3228

N N where summation in the numerator and denominator is taken
E,=B,>, A(r"- ri)+ ¥ BA(r]'—r]), (1) over all M conformations and C,, is the number of contacts
i>] i>j in conformation m with energy E,, . Similarly,

where N is the total number of monomeric units, By, is the
average interaction between monomers, and B; ; 1s the inho-
mogeneous part of the interaction energy that depends on the
type of monomer i and j. The Kronecker delta function
[A(r7—r)=1 if monomers i and j are lattice neighbors and
0 otherwise] reflects the short-range nature of the model po-
tential; only nearest-neighbor (in space) interactions are in-
cluded. A given sequence is characterized by the set {B;;}
associated with it. Two models are employed for the B;;
values. In the first, B;;’s are independent random values with
a Gaussian distribution'"'*!3

1 B},
P = 0| -3

where B is the standard deviation which determines the het-
erogeneity of the chain, and the mean of B;; is taken to be 0
since the average interaction is included in B. This model
potential is exactly that used in the theoretical analysis men-
tioned above.® The second model is a “two-letter” random
sequence of A- and B-type monomers. For computation, we
used two Gaussian-distributed {B;;} with B=1.0 (Table I).
The sample AB sequence used was chosen from 100 ran-
domly generated sequences of that type; its sequence and
interaction matrix are described in the legend to Fig. 1. A
similar two-letter code has been used previously in both
lattice'® and analytical models®' with A and B representing
hydrophobic and hydrophilic amino acids, for example.

Any equilibrium thermodynamic quantity for a given se-
quence can be determined for this model by performing the
appropriate average over all conformations. Here we con-
sider the quantities (N,) the thermally averaged number of
contacts, which is related to the density, and (Q) the ther-
mally averaged overlap of all pairs of conformations. The
brackets denote Boltzmann averaging at a given temperature.
Thus, the expression for (N} is
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where
N
Qn=2 A(rP—=rP)A(r}=r})/ oo
i>j

is the normalized “overlap” function which shows how
many contacts in a structure m coincide with the contacts in
another structure n. C;7, is the number of contacts in the
more compact of the two structures; as a result, 0<Q,,, <1
and @,,,=1 only for structures with the same contacts. This
can be true for the identical structure (Q,,,) or for two dif-
ferent structures with less than the maximum number of con-
tacts. In particular, two structures, both with zero contacts,
have Q,,,=1. The quantity (Q) acts as an order parameter
which is related to the number of thermodynamically stable
configurations. When only the global energy minimum is
thermodynamically stable, its probability at temperature 7 is
approximately one, while all other structures have negligible
probabilities; it follows from Eq. (4) that {(Q)=~1. On the
other hand, when the chain is disordered (i.e., many dissimi-
lar configurations have roughly equal probabilities at tem-
perature T), the average is not dominated by one structure
and (Q)<1 ({(Q)=~0.2 since random overlaps prevent {Q)
from reaching zero). The quantity {N_) was calculated with
all conformations, while (Q) was calculated with only the
1000 lowest energy structures because it is proportional to a
product of Boltzmann probabilities, so that only those con-
tribute significantly. Calculations with 5000 structures did
not change the numerical results.

We consider the behavior of the system as a function of
the temperature 7' and the homopolymeric interaction energy
By, which acts to control the overall compactness of the
chain. Although the analytical study varied B rather than T,
the effective width of the Gaussian interaction distribution

can be scaled with either [Egs. (2)—(4)]. However, the use of
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