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Crys tal lo graphic stud ies of macromolecules at atomic res -
o lu tion pro vide un prec e dented wealth of data at un prec e -
dented de tail. It is pos si ble to re lax or re move some of the
stereochemical re straints that are nec es sary at lower res o lu -
tion. The use of full-ma trix re fine ment al lows to es ti mate
the vari ances in struc tural pa ram e ters and, in con se quence,
to eval u ate the stan dard re straints them selves. The re sults
in di cate that some of the stan dards need re vi sion. The pep -
tide bond shows large de vi a tions from pla nar ity, and the
N-Ca-C an gle has a wide spread. Anisotropic dis place ment 
pa ram e ters and res o lu tion of elec tron den sity of in di vid ual
at oms make ob ser va tions of un usual struc tural fea tures re -
li able. Dou ble con for ma tions can be re solved, and sol vent
can be mod eled be yond the first hydration shell. The lec -
ture will il lus trate the achieve ments of atomic res o lu tion
pro tein crys tal log ra phy us ing the struc tures of two trypsin
in hib i tors: CMTI, of plant or i gin, and BPTI, of mam ma lian 
or i gin, de ter mined, re spec tively, at 1 and 0.86 A. Al though
the R-fac tors are sim i lar (0.11 and 0.10, re spec tively),
there is a dra matic im prove ment of qual ity when res o lu tion
is ex tended from 1 to 0.86 A. There are clear H-atom dif fer -
ence Fou rier peaks (also in wa ter mol e cules) in the BPTI
struc ture, but not in the CMTI struc ture. Some of them cor -
re spond to C-H…X and N-H…pi bonds. The es ti mated er -
rors in bond lengths are 0.005-0.01 (BPTI) and 0.01-0.02 A 
(CMTI). In the CMTI struc ture, there is an un ex pected zinc 
cat ion co or di nated by four Glu groups, two of which are
protonated. Two histidine res i dues have dif fer ent tau to -
meric forms. In the BPTI struc ture, there is a dou ble-con -
for ma tion disulfide bond.
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X-ray struc tures of wild type (res o lu tion 2.45 C) and mu -
tant HIV-1 pro te ase (A71V, V82T, I84V, res o lu tion 2.2 C) 

complexed with newly de vel oped in hib i tor Boc-Phe-Y
[CH2CH2NH]-Phe-Glu-Phe-NH2 have been re cently
solved 1,2. In this con tri bu tion, the in hib i tor OE bind ing
modes to both pro teas es are com pared. OE shows tight
bind ing to the wild type (Ki  = 1.5 nM) as well as mu tant (Ki

= 4.1 nM) pro te ase and the bind ing modes of the in hib i tor
to the wild type and mu tant pro teas es are sim i lar at the first
view. Sev eral dif fer ences have been de ter mined by struc -
tural and en ergy anal y sis. Conformational anal y sis was
done to ex plain dis or der ob served in the mu tant com plex.

Re sults of struc tural anal y sis: The hy dro gen bonds to 
cat a lytic aspartates Asp 25 and Asp 125 formed in the case
of hydroxyethylamine in hib i tors by isosteric hydroxyl
group are in the case of the ethylenamine in hib i tor OE re -
placed by hy dro gen bonds from isosteric NH group. In the
mu tant com plex, the isosteric NH group forms hy dro gen
bonds to both cat a lytic aspartates. In the wild type com -
plex, the isosteric NH group forms a hy dro gen bond to Asp
125 and an intramolecular hy dro gen bond to car bonyl
group of Boc.

Re sults of en ergy anal y sis: There is a sim i lar dis tri bu -
tion of in ter ac tion en er gies be tween the in hib i tor OE and
the pro te ase in both com plexes. The larger dif fer ences
were found in in ter ac tions be tween the mu tated res i dues
and OE: Weaker van der Waals in ter ac tions of the mu tated
res i dues Val 84 and Val 184 with OE were found in the mu -
tant pro te ase. The lack of in ter ac tion en ergy is partly com -
pen sated by new ar o matic hy dro gen bond be tween Phe of
the in hib i tor in po si tion P1 and the mu tated res i due Thr
182.

Re sults of conformational anal y sis: Thr 82, Val 84,
Thr 182 and Val 184, i.e. all mu tated res i dues which have
di rect con tact with the in hib i tor, were found in al ter na tive
con for ma tions in the mu tant com plex. Ad di tionally, the in -
hib i tor can bind to the ac tive site in two al ter na tive op po site 
ori en ta tions. En ergy anal y sis based on mo lec u lar me chan -
ics showed that all al ter na tive con for ma tions of  Thr 82,
Val 84 and Val 184 have sim i lar in ter ac tion en ergy with the 
in hib i tor and prob a bly there is no re la tion be tween the in -
hib i tor ori en ta tion and the con for ma tions of these three
mu tated res i dues. On the con trary, ar o matic hy dro gen
bond ex ists be tween Thr 182 and OE. This in ter ac tion is
en er get i cally strongly fa vor able and, prob a bly, ori en ta tion
of OE bind ing to the pro te ase de ter mines def i nitely the
con for ma tion of Thr 182.

Ó Krystalografická spoleènost

Materials Structure, vol. 9,  number 2 (2002)       63



Ó Krystalografická spoleènost

64 ABSTRACTS 

Re search was sup ported by the Grant Agency of the Acad -
emy of Sci ences of the Czech Re pub lic (pro ject
A4050811/1998), Grant Agency of the Czech Re pub lic
(pro jects no. 204/00/P091 and no. 203/00/D117) and by
the Acad emy of Sci ences of the Czech Re pub lic (pro ject
AVOZ4050913). 

1. Skálová, T.; Hašek, J.; Dohnálek, J.; Petroková, H;
Buchtelová, E. Mu tant HIV-1 pro te ase complexed with
tetrapeptide in hib i tor. Pre lim i nary re port.  Acta Physica
Polonica A 101 (2002) 659-663.

2. Petroková, H. et al., unpublished results.

COMPUTER  MODEL  OF  DNA B -
POLY(L-LYSINE)  INTERACTION      

J. Dybal, K. Huml, M. Kabeláè*, T. Reschel,
K. Ulbrich

In sti tute of Macromolecular Chem is try, Acad emy of Sci -
ences of the Czech Re pub lic, Heyrovského nám. 2, 162 06 
Praha 6
*J. Heyrovský In sti tute of Phys i cal Chem is try, Acad emy
of Sci ences of the Czech Re pub lic, Dolejškova 3, 182 23
Praha 8.

The aim of our re search is to con trib ute to the elu ci da tion of  
the struc ture and polyelectrolyte in ter ac tion of  plasmid
DNA   with poly(L-lysine). Com plexes of DNA with poly -
cations were pro posed as nonviral vec tors for the de liv ery
of genes. Fu ture gene de liv ery vec tors of this type should
be de signed to be able to pro tect DNA dur ing trans port in
body flu ids and  the cy to plasm of the tar get cell. Finally the
pDNA has  to be re leased be fore tran scrip tion and trans la -
tion of a ther a peu tic pro tein [1]. Com puter mod el ling of 
cou pling of a frag ment of  DNA dou ble he lix with the syn -
thetic polycation, poly(L-lysine), was the first step in our
at tempt to de scribe the in ter ac tion be tween nat u ral and syn -
thetic  polyelectrolytes within a polyelectrolyte com plex.
The start ing model was based on our physico-chem i cal ex -
per i ments where the charges of the DNA chain were com -
pen sated [2].

Pre lim i nary com puter ex per i ments were per formed
with mono mers bear ing var i ous pos i tively charged groups
in the side chains: pri mary, sec ond ary, and ter tiary amino
or qua ter nary am mo nium groups. Dimethyl phos phate was

used as the model an ion.  Ab in itio quan tum me chanic and
mo lec u lar me chanic cal cu la tions have shown the  high est
bind ing en ergy, that prob a bly con trols sta bil ity of the com -
plex for the  phos phate-pri mary amine pair.

In the next step, the sys tem of an eleven-base-pair DNA 
BDAT frag ment and   hexamer of the pos i tively charged
L-lysine cat ion were in tro duced into the sim u la tion pro ce -
dure. The suite of Biosym/MSI pro grams was uti lized, par -
tic u larly,  In sight II and Dis cover [3]. The cvff force field
was cho sen be cause the for mal charges along the mol e -
cules were in rel a tive good agree ment with our
MP2/6-31G* quan tum me chanic re sults de scrib ing bind -
ing of pos i tively charged L-lysine with a neg a tively
charged dimethyl phos phate frag ment. Ge neric dis tances
be tween six amine and dimethyl phos phate  groups were
in tro duced with up per bounds of 5 C. Steep est de scent
(22,000 it er a tions) and con ju gate gra di ents (10,000 it er a -
tions) of po ten tial en ergy minimization were stopped when 
the shifts in co or di nates were lower than 0.01 kcal/mol.C.

Our pro posed  model shows the flat poly(L-lysine)
strand em bed ded into the ma jor groove of the DNA BDAT
mol e cule. The amine groups are in a good con tact with the
dimethyl phos phate groups with the av er age dis tance be -
tween ox y gen and ni tro gen at oms of 3.81(5) C. The hy dro -
gen bonds of poly(L-lysine) point ing to the ma jor groove
of the DNA BDAT are thus also pos si ble. 
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