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Abstract 

Rationally redesigned variants of the 4-helix-bundle protein  Rop are described. The novel proteins have simpli- 
fied, repacked,  hydrophobic cores and yet reproduce the structure  and native-like physical properties of the wild- 
type protein. The repacked proteins have been characterized thermodynamically and their equilibrium and kinetic 
thermal and chemical unfolding  properties are compared with those  of wild-type Rop.  The equilibrium stability 
of the repacked proteins to thermal denaturation is enhanced relative to  that of the wild-type protein. The  rate 
of chemically induced  folding and unfolding of wild-type Rop is extremely slow when compared with other small 
proteins.  Interestingly,  although the repacked proteins are more  thermally  stable than  the wild type,  their  rates 
of chemically induced  folding and unfolding are greatly increased in comparison to wild type. Perhaps as a  con- 
sequence of this,  their equilibrium stabilities to chemical denaturants  are slightly reduced in comparison to  the 
wild type. 
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It has long been recognized that  the energetically favorable ef- 
fect of shielding hydrophobic residues from aqueous solvent 
contributes significantly toward the stability of a folded protein 
(Kauzmann, 1959; Dill, 1990, and references therein). Moreover, 
recent studies suggest that  the exclusion of hydrophobic residues 
from solvent may also play a major role in specifying the over- 
all shape, or  fold, of a  protein (Lau & Dill, 1989). Nevertheless, 
precisely  how internal packing determines both the structure and 
characteristic physical properties of  natural proteins remains un- 
resolved. In this paper, we address these issues by redesigning 
the hydrophobic  core of a  protein and reproducing, with a sim- 
plified amino acid sequence, both its structure and native-like 
properties. 

Several groups have reported  de  novo designs for small pro- 
teins (Regan & DeGrado, 1988; Goraj et al., 1990; Hecht et al., 
1990; Kamtekar et a]., 1993). in complementary studies, genetic 
selections and screens have revealed that  the substitution of dif- 
ferent  combinations of residues in the core  can be compatible 
with maintaining the overall shape of a  protein (Lim & Sauer, 
1989,  1991;  Baldwin  et al., 1993). However, the majority of mol- 
ecules produced by selection or design more closely resemble the 
“molten  globule”  intermediates of protein folding (Kuwajima, 
1989) than they resemble native proteins.  Although they are 
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compact, with a significant amount of secondary structure, their 
interiors are not native-like. The hydrophobic residues are con- 
densed and partially shielded from solvent but do not achieve 
a tightly packed and uniquely positioned core. Only a select  few 
combinations of residues in the core fulfill the strict require- 
ments necessary to produce a native-like protein (Ponder & Rich- 
ards, 1988; Lim & Sauer, 1991;  Baldwin  et al., 1993). It has also 
been suggested that designs that rely upon  burial of hydropho- 
bic residues as  the primary  determinant of the fold will  be un- 
successful in reproducing the properties of natural proteins, 
because hydrophobic interactions provide insufficient direction- 
ality and specificity (Behe  et al., 1991). 

In this paper, we describe the complete redesign of a protein’s 
hydrophobic core. Our motivation was to determine if it  is  pos- 
sible to design simple, repetitive sequences that generate proteins 
with native-like properties. 

Results 

Repacking designs 

The focus of our repacking studies is the 4-helix-bundle protein 
Rop (also known as Rom) (Twigg & Sherratt, 1980). The natu- 
ral function  of Rop is to bind to a specific complex of 2 RNA 
molecules and thereby mediate the regulation of ColEl plasmid 
copy number in Escherichia coli (Cesareni & Banner, 1985; 
Polisky, 1988). Rop is a homodimer of 2 helix-loop-helix mono- 
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