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As one of the realizations of our recently proposed idea of conformation-dependent sequencéedesign
neering of AB copolymers, here we introduce the notion of adsorption-tuned copoly®d&’s). Such
copolymers are prepared by adsorbing a homopolymer chain onto a flat surface, after which its adsorbed
segments are called typ® ones, and its unadsorbed segments tBpanes. Next, for the primary structure
generated in this way, we study the adsorption of ATC'Ssmme othersurface for the case when only the
type A segments are attracted to this surface. The properties of the ATC copolymers are compared with those
of random copolymerg¢RC’s) with the same content of typA segments, and random-block copolymers
(RBC's) with the same content of typ®segments and the same number of blocks. It is shown that the specific
features of the ATC primary structure promote adsorption of the ATC chains, leading to an increase of their
(negative critical adsorption energy and the number of adsorbed segments as compared to that of RC and RBC
chains. Some characteristics of the adsorbed single ctstatsstics of trains, loops, and tgilare studied. The
difference between the ATC, RBC, and RC ensembles in these characteristics is explained by the difference in
the primary structures of the copolymers. The results obtained support the general idea of conformation-
dependent sequence designAd copolymers, and are probably connected with the theory of the early stages
of macromolecular prebiological evolutiof51063-651X99)08602-X

PACS numbeps): 61.25.Hq, 36.20.Ey, 83.70.Hq, 87.15.By

I. INTRODUCTION the properties of the parent globulie particular, the exis-
tence of well-formed singlB core coupled with stabilizing\
Recently[1-3], we proposed the idea of conformation- envelopg which are then manifested in other conditions
dependent sequence desigmgineering of AB copolymers [1-3], making the dense globule self-assembly easier to re-
consisting of monomeric units of two sortd,and B. This  alize.
approach includes the generation of a special primary se- In the present paper we will consider another realization
guence inAB copolymers from some specific conformation of the outlined idea. That is, we will assume that the parent
of a homopolymer chain“parent” conformation via a conformation is that of adsorbed homopolymer chain. For
“coloring procedure” of the instant image of such chain. In some “instant image” of adsorbed chain, the adsorbed
Refs.[1-3] we realized this idea for the case when the “par-monomer units will be colored iA color, while the units in
ent” conformation corresponds to a dense globule of a hotails and loops will be assignedBcolor. We will call the
mopolymer chain: the monomer units lying in the core ofprimary structure obtained in this way an “adsorption-tuned
such globule were designated Bsunits and called hydro- AB copolymer.” We initially assumed, and we will show
phobic, while the monomeric units belonging to the surfacethat this is indeed the case, that in this way we obtaidBn
of the “instant image” of a globule were designated &s sequence specially “tuned” for the adsorption on another
units and called hydrophilic. In this way we generated so-lat surface in the case of attractionAfunits to that surface.
called “proteinlike copolymers.” Further studies of the  More specifically, the primary structures of the
properties of such copolymers have shown that their behawadsorption-tuned copolymers are obtained by the following
ior is essentially different from that of the random copoly- procedure. A homopolymer chain is allowed to adsorb onto a
mers with the sam@/B composition, and random-block co- flat surface[see Fig. 1a)]. Then its adsorbed segmeliie.,
polymers with the sameé\/B composition and the same those lying on the surfagare called type segments and all
“degree of blockiness'{1-3]. In particular, the coil-globule the other onesi.e., those not lying on the surfacare called
transition in proteinlike AB copolymers occurring under type B segmentdFig. 1(b)]. After the primary structure is
gradual increase of the attraction Bfunits takes place at fixed, two different potentials of interaction of tygeandB
higher temperatures, is more abrupt, and has faster kineticsegments with an adsorbing surface are introduded.
as compared to random and random-block copolymers with(c)]. Type B segments interact with the surface only steri-
the sameA/B composition and the same “degree of blocki- cally, whereas typé\ segments are both sterically repelled
ness.” We concluded that the reason for this is that the profrom the surface and attracted to it with the eneggy
teinlike copolymer “inherits” (or “memorizes”) some of Similar to proteinlike copolymeril—3], adsorption-tuned
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(a) Step 1: Adsorption of homopolymer distribution of primary structures. It is clear that any primary
structure is in principle present in each of the three en-
sembles; however, in general, the weights of a certain pri-
mary structure in the ensembles are different. So, to compare
the properties of ATC, RC, and RBC primary structures, for
each of the ensembles we should either indicate a character-
istic primary structure and compare the properties of these
characteristic chains, or calculate the characteristics of inter-
est for each chain and then perform averaging over the en-
sembles. In fact, we found it difficult to indicate a typical
primary structure for each of the ensembles. So we compared
the ensembles as a whole by performing averaging over a
representative sample of primary structures for each of the
ensembles.

In the next sections, we describe the lattice model used in
this study and the procedure of preparation of the three en-
sembles, and then compare these ensembles from the point
of view of the properties of the copolymer structure, the

(c) step 3: Adsorption-tuned AB-copolymer

A 4 critical adsorption energy, and the characteristics of adsorbed
A B chains.
FIG. 1. Schematic representation of the sequence design proce- Il. MODEL

dure leading to an adsorption-tuned primary structure. A. Lattice model of a copolymer chain

copolymerg ATC's) can exhibit some special properties. For with & given primary structure

example, they must differ in their primary structure from We simulate artAB copolymer molecule using a modifi-
random copolymer$RC’s) with the sameA/B composition ~ cation of the bond-fluctuation mod¢#4—8|. The polymer
or random-block copolymeréRBC’s) with the sameA/B chain consisting of typé\ and B segments is placed in a
composition and average lengths of typeand B blocks. three-dimensional3D) cubic lattice, which is infinite in the
Because the ATC primary structures were prepared from adk andy directions and limited in the direction by the two
sorbed chains, in an ATC chain the typesegments occupy planesz=0 andz=z,,. The distance between planes is
the sites most “suitable” for adsorption. Thus it is probable large, so that the chain cannot interact simultaneously with
that adsorption of ATC chains would proceed more easilypoth planes. Both typ& andB segments are not allowed to
which would result in a reduced absolute value of the criticalmove to the layerg=0 and z=z,,,. In addition to this,
adsorption energy or possibility of adsorption at higher tem+there is a short-range potential of attraction of typseg-
peratures. In addition to this, the difference in primary struc-ments to the surface=0: the energy is attributed to each
ture can result in some specific features of the adsorbetype A segment lying in the layer=1. This is the only
layer, as compared to the cases of random and random-bloc¢kspect, in which typé andB segments are different.
AB copolymers with the same fraction of tygesegments The excluded-volume condition is enforced by that each
(and, in the case of RBC’s, with the same number of blacks segment of a chain occupies one lattice site and other seg-
In the present work, we study these effects in the case aghents are not allowed to occupy both this site and its nearest
adsorption of single chains using the Monte Carlo simulatiorenvironment(i.e., 26 adjacent sites in the 3D spac&he
technique and a lattice model of a polymer chain. length of a bond between two neighboring segmentsan
When preparing chains of a given tyfie., the ATC, RC, fluctuate betweeb=2 andb= /8 lattice spacings, so that a
or RBC chaing we obtain a set of different primary struc- polymer chain is represented by a sequence of effective bond
tures, i.e., an ensemble of chains characterized by a certairectors,b, belonging to the set

{b} e{P(2,0,0;P(2,1,0);P(2,1,1);P(2,2,0)}. 1)

whereP(iy,jy,k,) stands for the set of all permutations and Evolution of a chain is simulated by a common Monte Carlo
sign combinations ofti,,*j,,*k,. In this case, the set of procedure, the details of which are well known and described
bond vectorg{b} connecting two successive segments con-£lsewherg4-8|.

tains 66 allowed vectork with four different choices of the
bond length B. Generation of the ensembles of adsorption-tuned, random,

and random-block copolymers

Using the model described in Sec. Il A, we generated dif-
be{2,5,/6,/8} (2)  ferent configurations of a single homopolymer chain contain-
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ing N'=32 segmentgall of type A) and interacting with a 020 ———T——————T T
flat surfacez=0 with the segment-surface attraction energy

e (¢=—1.0inkT unitg). At this value ofs, 1 000000 con-

figurations were obtained and each 1000th of them was re- 0.16
corded by assigning unity to each adsorbed and zero to each
unadsorbed segment. In subsequent studies, these records
were treated as ATC primary structures, where unity indi-
cated a typeA segment and zero corresponded to a tipe
segment.

It is evident that some of the obtained primary structures
consist of only typeB segments. The frequency of appear-
ance of these latter primary structures\o& N type B seg-
ments depends on the parameter of the simulationzigx
So, in order for the ensemble averages to be independent of
such an artificial parameter as the simulation box size, and to
reflect the pure effect of the attraction enegggt which the
ATC ensemble was generated, we excluded these primary
structures from subsequent consideration. 000,

Estimation of the average fractiq, of type A segments
for the ATC ensemble generated at=—1.0 gave pa
c:folgggtpelr?wsar? ts't[rlﬁt\é?éuse o?ffgr; dvc\)/; gc%r;)%ﬁ?ﬁ(ejr: sz\a/rgrr):gte FIG. 2. The distribution of chains with respect to th_e number of
that by random copolymers we mean those for which thetyp_eA segments for ATC and RC en.sembles of chalns.of length

. . =32. The ATC ensemble was obtainedeat —1.0 (in units of
probability p, of each monomer to be of typ&is constant
throughout the whole polymer. This means, for example, th
the conditional probabilityp (i +1,i) that the {+1)th seg-
ment is of typeA when the ith segment is also of typeis
equal top,. The average fraction of typ& segments in calculated\ ) and(\g) for the ATC subensemble of chains
random copolymers is equal to the probability. with A,=8, and used the obtained characteristics to generate

The next step was to generate the corresponding RB@ sample of 2000 chains of the RBC ensemble. From this
ensemble. By definition, the RBC chains are characterizedample, we also separated the fraction with=8. There
by the Poisson distribution of the typeandB block lengths,  were 259 such chains. Table | summarizes the average block

s x lengths for the three ensembles as a whole, for the suben-
f(x)=e " "\/x!, () sembles withA/x=8, and for the samples of 50 primary
structures with\/4=8 used in subsequent calculations of the
where\ is the average length\(, for type A blocks and\ g adsorption properties.
for type B blocks. Systematic consideration and comparison In addition for the average block lengths, we separately
of the properties of the ensembles implies that we must decalculated the lengths of the internal and end blocks of both
termine(\ ») and(\g) for the ATC ensemble generated pre- types. By an end block we mean the last or first block of a
viously, and create the RBC ensemble using these parancopolymer. By an internal block we mean a block that is not
eters in the corresponding Poisson distributions. In this cas@n end one. So a copolymer &3 blocks has two end
the next step is the calculation and comparison of théblocks andk—2 internal blocks.
ensemble-averaged critical adsorption energies and the struc- As can be seen from Table |, the RC ensemble as a whole
tural characteristics of adsorbed chains for the three erand its subensemble with/a=8 are characterized by the
sembles. shortest block lengths. For RC chains, the difference be-

However, both ensembles contain a rather large fractiomween the lengths of internal and end blocks of the same type
of chains with a small content of typ& segmentgsee Fig. is small, and can be explained by statistical errors. The ATC
2). For such chains, determination of the critical adsorptiorensemble as a whole and its fraction with =8 are char-
energy and some other characteristics is rather difficultacterized by very long typ& end blocks. In this case, the
Therefore, we restricted our consideration by the ATC andlifference between end blocks and internal typélocks
RC subensembles of chains containiv@=38 type A seg-  cannot be explained by insufficient statistics. In fact, the rea-
ments. The average content of such chains is©MV1 in  sons for this difference are apparent. As is known, in the
the ATC ensemble and 0.+3.02 in the RC ensemble. Of weak adsorption regime, the average length of unadsorbed
course, the properties of subensembles differ slightly frontails is larger than that of adsorbed fragments of a ch@in
those of the whole corresponding ensemlifee the discus- and those were the conditions of the ATC ensemble prepa-
sion below on the data in Table. INevertheless, such sepa- ration. As follows from the data of Reff8], where we stud-
ration of a certain fraction of chains from an ensemble stillied the same lattice model for a homopolymer chain, the
allows us to solve the problem of interest, i.e., to study thecritical adsorption energy is around1.0 (in kT units), and
effect of the primary structure on the process of adsorptionthe ATC ensemble was obtained justsat — 1.0. As for the

So, from the ATC and RC ensembles we separated thgenerated sample of the RBC ensemble, it has nearly the
chains containingV/,=8 type A segments. After that, we same average block lengths as the ATC subensemble with

o
o
N

0.08

0.04

fraction of chains with given N,

kT), which corresponds to the average content of tEegments
a}t)A=O.205. Two sets of ensemble-averaged data are shown to esti-
mate the statistical error.
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TABLE I. Average lengths of end and internal typeand B blocks for the ATC, RBC, and RC en-
sembles, and their fractions witk(,=8.

O‘A,int) <)\A,enc> <)\A> <)\B,int> <)\B,enr> <>\B>
Averaging over 1000 ATC chains with arbitraiy, (two realizationy
2.49 2.47 2.49 3.59 12.74 7.97
2.46 244 2.45 4.08 12.30 8.03
Averaging over ATC chains witt,=8 (69 of 1000 primary structurgs
2.59 2.30 2.54 4.22 10.21 6.65
Averaging over a sample of 50 ATC chains witfy=8
2.47 2.14 241 4.57 9.44 6.42
Averaging over 1000 RC chains with arbitrakj (two realizationy
1.25 1.20 1.25 4.16 4.66 4.29
1.25 1.30 1.26 4.22 481 4.38
Averaging over RC chains with/s=8 (157 of 1000 primary structurgs
1.28 1.16 1.27 3.58 3.38 3.54
Averaging over a sample of 50 RC chains with =8
1.35 1.19 1.33 3.84 3.26 3.70
Averaging over 2000 RBC chains with arbitrakyj
2.67 2.63 2.66 6.73 5.86 6.42
Averaging over RBC chains with/,=8 (259 of 2000 primary structurgs
2.52 2.16 2.45 7.19 5.85 6.70
Averaging over a sample of 50 RBC chains with =8
2.57 2.29 2.50 7.60 5.87 6.98

N,=8, and the difference between the end and internaficiently large number of different primary structures, and for
block lengths is not large. However, in this case the endeach of these primary structures the accuracy in determina-
blocks are noticeably shorter than the internal ones. This ifion of N ,¢{€) must be sufficiently high. So, for the re-
also quite understandable, because the length of the last saguired computer time to be acceptable, we performed aver-
ment in a chain is always not largémore often, it is aging over 50 conformations chosen randomly from the
smalley than the corresponding generated Poisson randorATC, RC, and RBC subensembles witfy=8. For each of
number(if the generated Poisson random number is smallethe chains, the averaging was performed over a MC trajec-
than the length of the remaining part of the chain, then thigory of 150 000 MC passes. This provided sufficient accuracy
segment is not lastIn the next sections, we estimate the in determination of théN, ,4sagainste curves.
subensemble-averaged critical adsorption energies and someBecause the fraction with/y=8 of the generated sample
characteristics of the adsorbed chains, and compare thes¢ 1000 ATC chains consists of only 69 primary structures,

properties for the three ensembles. our limit of consideration by only 50 primary structures
seems reasonable. For each sample of 50 primary structures,
Ill. RESULTS AND DISCUSSION for which the subsequent calculations were performed,

. . we also calculated the average block lengths
A. Calculation ar_u_j comparison of the e_nsemble-averaged ainds (Maends (Na)s (N inds (Ngend»  and (Ag), and
critical adsorption energies summarized these values in the table. As can be seen, the
To estimate the critical adsorption energy of a singledifference in these parameters for the whole subensemble
polymer chain, we determine the average number of #pe and its portion of 50 primary structures is never more than
chain segments lying on the adsorbing surfdtgaqs, as a 10%. So, from this point of view, use of a sample of 50
function of the energy of attraction of a typeA segment primary structures to represent the subensemble with
and the adsorbing surface. Interception of thexis with the =~ =8 for each ensemble seems reasonable.
straight line tangential to a sigmoidal approximation of the Figure 3 presents the dependence of the subensemble-
obtained dependende, ,¢{c) at the inflection point gives average numbeN, 45 Of type A segments lying on the ad-
an estimate of the critical adsorption energy of the chain. sorbing surface as a function of the energyof attraction
In Ref. [8], we had an experience of calculating the de-between a typé segment and the adsorbing surface for the
pendences o,y on & for a similar model of a polymer three subensembles. At each studied, the inequality
chain. We have seen that an accurate determination of sudtiy ags ATc> Na ads Re& Na ags rc IS fulfilled. The estimates
dependences for a single copolymer chain requires averagirgf the critical adsorption energy found as the points of inter-
over the trajectory of about £aMonte Carlo(MC) passes. ception of thex axis with the corresponding tangential
(We recall that on average, each particle makes one, successraight lines satisfy similar inequalityeyrc<ec rac
ful or unsuccessful, trial move per MC pass. <egaTC-
In the case of this paper, the problem is more difficult, So, the RC subensemble, which is characterized by the
because we have to perform averaging with respect to a suhortest average lengths of both tyfpe@nd B blocks, has a



PRE 59 PROPERTIES OFAB COPOLYMERS WITH A SPECIA . .. 3075

Sr N=32, N,=8
4 -
61 . F 3l H ATC
- s
X
2F
w
B 4T 1 1b
<
Z
O 1 1 1 1 1 |
-5 -4 -3 -2 -1 0
2r . 181
1.7F
1.6
0 1 1 1 1 1 1 5 =
-5 4 -3 2 1 0
e\ F 141
1.3¢
FIG. 3. The average number of adsorbed tylesegments 12k
against the attraction energy (in units ofkT) for ATC, RBC, and
RC chains of length\'=32 with the content of typé\ segments Ty . . . . .
Na=8. Two sets of ensemble-averaged data are shown to estimate -5 -4 -3 -2 -1 0

the statistical error.

considerably lower critical adsorption energyith the larg- ] _ _

est absolute valygas compared to other ensembles. This is FIG. 4. The average numbers of train, loop, and tail sections
consistent with the analytical result obtained previously for<r Kip. andky, respectively, in ATC, RBC, and RC chains of
regularAB copolymerd 10], according to which the absolute '€"9th//’=32 with the content of typ& segments\/y =8 as func-
value of the critical adsorption energy decreases with thdons of the attraction energy, (in units c.)f kT). Two sets of

. . . ensemble-averaged data are shown to estimate the statistical error.
increasing block length at the same fraction of typseg-

ments.

Comparison ok, for the ATC and RBC subensembles is ensembles. In this section, we compare some other average
of interest, because these two subensembles have the sant@racteristics of adsorbed single chains of the RC, RBC,
average block lengths, and the difference in their critical enand ATC subensembles with the same content of t§pe
ergies can be due only to the difference in primary structuressegments {/4=8). We calculate the following parameters:

In fact, the studied sample of 50 RBC chains has evenhe average numbers of segments belonging to train, loop,
slightly longer typeA and B block lengths than the studied and tail sections of a chaim,(¢), np(e), andny(e), re-
sample of 50 ATC chains. Nevertheless, the estimate of thgpectively; and the average numbers of train, loop, and tail
ATC critical adsorption energy is larger than the correspondsections in a chairk,(s), kip(e) =ky(e) — 1, andky(e), re-

ing RBC value, and this difference cannot be explained b%pectively.(By a train section of a chain we mean its ad-

statistical errorssee Fig. 3 The same conclusion can be s,eq section; a loop is an unadsorbed section between two
formulated for the number of adsorbed segments at a 9IVeRains, and a tail is the unadsorbed end section of a dlgain
value ofe,. We relate this difference to specific features of

. - Ref.[9]). So, we always have,+nj,+n;=N.) We recall
the ATC primary structures. Fo_r example, the ATC Chalr'Sthat, first, a thermodynamic average of each of these values
show a considerable difference in the internal and end Bype

L . . is found for a chain with a certain primary structure, and,
block lengths. This indicates tha_t in ATC chains typseg- then, the obtained thermodynamic average is averaged over
ments form more compact regiorfas compared to RBC

chaing, thus favoring adsorption, the sample of 50 primary structures of the corresponding

: . X . subensemble. After that, we find the average lengths of train,
The difference in the primary structures influences no . . -
t%oop, and tail sections ly(g)=ny(e)/ky(e), l)p(e)

only the critical adsorption energy but the characteristics o .
: . . —=np(e)/kp(e), andly(e) =ny(e)/ky(e), respectively.
adsorbed chains as webspecially in the strong adsorption Figure 4 shows variation 6f, andk,—k,— 1 with ¢. As

regimeg. We study this effect in Sec. IlI B. . N
can be seen, the average number of tails per chain is nearly

the same for the three ensembles. In all three cases, the num-
ber of tails decreases slightly with, indicating that in the
weak adsorption regime more than half of chains have two

In Sec. Il A, we studied the ensemble-averaged numbergnadsorbed tail sections, whereas in the strong adsorption
of type A segments lying on the surface in the case of adregime most of the chains have only one unadsorbed tail
sorption of a single chain for the ATC, RBC, and RC sub-section.

B. Comparison of properties of adsorbed ATC, RBC,
and RC chains
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FIG. 5. The average numbers of segments in train, loop, and tail FIG. 6. The average lengths of train, loop, and tail s_ectlons
sectionsny, n,, andny, respectively, for ATC, RBC, and RC ' lp, and Iﬂ,_respectlvely, for ATC, RBC, and RC chains of
chains of length\V=32 with the content of type\ segments\/, length /=32 with the content of typ& segmentsV,=8 as func-

=8 as functions of the attraction energy (in units ofkT). Two tions of the attraction energy, (in units of kT). Two sets of

sets of ensemble-averaged data are shown to estimate the statistiggpembIe-averaged data are shown to estimate the statistical error.
error.

probability for a typeB segment not adjacent to a typge

In the absence of adsorption, the average numbers of traffock. For the RBC and ATC chains, the number of blocks is
and loop sections are nearly the same for the three erflose, whergas for RC chains it is considerably higher. So,
sembles, whereas in the strong adsorption regime these chdff RC chains, the number of adsorbed tyBesegments
acteristics are considerably different. In the strong adsorptiof@nd, thereforen,) is considerably higher than for RBC and
regime, nearly all typé\ segments and some portion of type ATC chains, for which the difference iny, is rather small.

B segments lie on the surface. So loops can be formed only In the strong adsorption regime, the average number of
from type B segments. As the RC chains have the largessegments in loop sections is nearly the same for the RBC and
number of typeB blocks, they exhibit the largest number of RC subensembles. At the same time, the corresponding ATC
loops in the adsorbed state. Because in the ATC chains typelue is considerably smaller. This is due to the fact that for
A segments are placed more compactly than in the RB@TC chains the end typ8 blocks are considerably longer

chains(i.e., the average lengths of the internal tfpblocks  than the internal ones, and the average number of Bpe

are shorter for ATC chainsthey exhibit the lowest number blocks is the same for ATC and RBC chains. The relations

of loops in the strong adsorption regime. between the numbers of segments in tail sections for the
Figure 5 presents a variation of the average numbers dhree ensembles can be explained similarly.
segments in train, loop, and tail segments with In the Figure 6 shows variation of the average lengths of train,

absence of adsorption, the difference in these characteristibsop, and tail sections for the three subensembles. We recall
is not large for the three subensembles. In the strong adsorphat in the strong adsorption regime trains are formed pref-
tion regime, the average number of segments in train se@rably from typeA blocks with some contribution of type
tions (i.e., the average number of chain segments lying orsegments; loops are formed from internal type B blocks, and
the adsorbing surfagés nearly the same for RBC and ATC tails are formed from end typB blocks. The data of Fig. 6
chains, whereas for RC chains it is noticeably higher. This igxhibit a correlation with the average lengths of the corre-
quite understandable, because in the strong adsorption reponding blockgsee Table)l As expected, in all cases the
gime all typeA segments and some portion of tyBeseg-  average train lengths are slightly greater than the correspond-
ments lie on the adsorbing surface. For all types of chaindng type A blocks (for the studied samples of 50 primary
we haveN,= 8. The probability that a typB segment adja- structure® and the average loop and tail length are slightly
cent to a typeA block is adsorbed is higher than the sameshorter than the lengths of internal and end t@blocks,
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respectively. So, we conclude that the difference in the prispecific “parent” conformation of the adsorbed homopoly-
mary structure of copolymers manifests itself in the characmer chain. In particular, the position @& segments turned

teristics of adsorption of the copolymers. out to be “tuned” in the best way for subsequent adsorption
on another surface. It is not surprising, therefore, that this
IV. CONCLUSIONS memorized hidden information became apparent as soon as

ope considered the adsorption AB copolymers on another
chains with the samA&B composition and a RBC ensemble surface. Among the three types AB copolymers which we

with the sameAB composition and average lengths of tybe studied, AT_C chains adsorb better at a gi_vep adsorption en-
andB blocks. The ATC and RBC chains consist of Sma”erergy(see F'g 3. In other words, the\E_’ chain Iear_ns(:[o be )
number of different blocks, as compared to the RC chains. 1/fdsorbed” in the parent conformation, and this “experi-
addition to this, the ATC chains have longer end type ©Nce” is used in the subsequent “life” of this copolymer.
blocks and shorter internal tyj&blocks, as compared to the There are obvious implications of this result for a theoretical
RBC chains. This difference in the primary structure ofdescription of the early stages of macromolecular prebiologi-
chains of the three ensembles leads to the difference in th@al evolution.
critical adsorption energy and the characteristics of adsorbed It should be noted that although the problems discussed in
chains. The fact that the RC ensemble is characterized by this paper are different from those encountered in the protein
lower (the largest by the absolute vajueritical adsorption folding area, these are obvious parallels in approaches with
energy than the RBC and ATC ensembles can be explaindtiis rapidly developing field. Indeed, it is generally accepted
by the fact that the typ& andB blocks of the RC chains are that nature proteins are the result of an evolutionary se-
considerably shorter than those of the RBC and ATC chaingjuence selection to optimize the stability and kinetic acces-
At the same time, the difference in the critical adsorptionsibility of the native conformatiofl1-28. The subject of
energy for the RBC and ATC ensembl@ehich are charac- the present paper is also connected with a well-known prob-
terized by the same average block lengttesn be explained lem of the successful design of amino acid sequences that
only by the details of the ATC primary structure. Because forcontrol the native protein structure at the coarse-grained level
the ATC chains the end typB blocks are longer than the [29-40. In this case, the simplest model of proteins, the
internal typeB blocks, the typeA segments are placed more so-called two lettef{P model, consists of sequences made
compactly in a chain. This specific feature of the ATC pri- up of just two kinds of amino acidsH and P representing
mary structure promotes adsorption of ATC chains. Thehydrophobic and polar residuyesonfigured as self-avoiding
studied characteristics of the adsorbed chains are differemhains on a three-dimensional lattice, and described by a
for the three ensembiles. This difference is consistent with thenodel contact Hamiltoniari32—-4Q. In a sense, our se-
details of the copolymer primary structures. quence design procedure has some parallels in the general
Thus the difference in the adsorption behavior of ATC,ideology to that proposed several years ago by Shakhnovich
RC, and RBC chains can be rationally explained by takingand co-workers for protein design problef®9]. There is
into account the specific features of the primary structure ofilso a very recent applicati¢B89] of design procedure which
these chains. On the other hand, the obtained results suppa@dnsiders an off-lattice model similar to the one used in the
the general idea of a conformation-dependent sequence dpresent studysee also Ref§1-3]), as well as the idea of an
sign of AB copolymers proposed in Refd—3]. That is, the initial choice of a homopolymer conformation and subse-
generated ATC sequence “memorized” some features of thguent design with a two letter code.

The ATC ensemble was compared with a RC ensemble
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