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Computer simulation of zinc finger motifs from cellular nucleic acid 
binding protein and their interaction with consensus D N A  sequences 
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We report here a computer simulation of the three-dimensional structures of seven zinc finger motifs from cellular nucleic acid binding protein 
involved in negative feedback inhibition of cholesterol biosynthesis. The structures are optimised using steric constraints imposed by tetrahedral 
coordination of the zinc ion with Cys and His residues, by molecular mechanics technique. We have also optimised the structure of a finger-I 
with GpT sequence. The model for the interaction of seven fingered protein with single-stranded d(GTGCGGTG) from sterol regulatory element 
(SRE) is given on the basis of these results. We also propose a scheme for recognition of a multifingered regulatory protein with small single-stranded 

DNA fragments. 
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1. I N T R O D U C T I O N  2. M A T E R I A L S  A N D  M E T H O D S  

Recent ly  Tr ipa th i  et al. [1] isolated a 5-kDa positive 
c lone cellular nucleic acid b ind ing  prote in  (CNBP)  us- 
ing ol igonucleot ide probes con ta in ing  H M G  CoA-  
reductase SRE. This pro te in  could func t ion  in t rans-  
cr ip t ion regula t ion  by sterols by selectively interact ing 
with s ingle-s t randed D N A  fragments  d ( G T G C G G T G )  
f rom h u m a n  and  Hamste r  H M G  CoA reductase SRE, 
d ( G T G G G G T G )  f rom LDL receptor SRE, d ( C T G G -  
G G T G )  f rom mouse  apol ipopro te in  promoter ,  and  
d ( G T G G C G C G )  f rom fernesyl pyrophospha te  reduc- 
tase SRE. It did no t  b ind  to SRE like octanucleot ide  se- 
quences  d ( G T G G G T A T ) ,  d ( C A T A G G T G ) ,  d (CAT-  
A T C A T ) ,  which fail to confer  sterol responsiveness [1]. 
C N B P  prote in  is characterized by seven t a n d e m  repeats 
o f  14 amino  acids each with regular  occurrence of  Cys- 
Cys-His-Cys.  The chemical ly similar amino  acids such 
as A r g / L y s ,  A s p / G l u ,  Se r /Th r  occupy identical  posi- 
t ions .  The prote in  has two, four  and  four  residues in 
be tween  Cys-Cys, Cys-His,  and  His-Cys.  A l though  it 
be longs  to the general  class of  'z inc f inger '  proteins  
[2-8], it differs f rom the well-studied C2H2,  C4 or C6 
class. The posi t ions of  Cys /Hi s  have some resemblance 
to meta l loprote ins  rubredox in  [9], aspartate  t rans-  
ca rbamoylase  [10] and  azur in  (Cu) [11]. It differs f rom 
T F I I I A  in the n u m b e r  of  in tervening residues between 
di f ferent  repeats / f ingers  which varies f rom 34 to 4. 
( T F I I I A  has 9 con t inuous  repeats of  abou t  30 amino  

acids each [2].) 
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2.1. Finger simulation 
Simulation of three-dimensional structure of the fingers with two 

flanking amino acids on both the sides (a sequence of 18 amino acids) 
was done with emphasis on steric constraints and energetics. The 
crude modelling was accomplished in three steps. (i) The fragments 
x-x-Cys-x-x-Cys, Cys-x-x-x-x-His and His-x-x-x-x-Cys-x-x (where x is 
Ala) were simulated on the basis of known structural data on similar 
fragments in metalloproteins [9-11]. (ii) They were constrained to 
give SG-SG, SG-NE2 and NE2-SG distance of 4.5 A without any 
short contacts between the side chains or the backbone. (iii) The 
positively charged Zn 2÷ ion was introduced and the three fragments 
were arranged so as to yield tetrahedral coordination of SG, SG, NE2 
and SG about it. The fragments were allowed to join smoothly by 
damped least square energy minimization (DLS) technique [12]. The 
refinement of the structures of seven fingers was achieved by 
Molecular Mechanics techniques using AMBER 3.0 [13] adopted for 
CYBER 180/930 system, using united atom force field parameters 
with distance dependent di-electric constant. The Zn atom was not 
considered explicitly but only as a doubly positive charge. The 
geometry around it was maintained by introducing distance and angle 
constraints. For this purpose a pseudomolecule was generated with 
Zn-S and Zn-NE2 distance 2.3 and 2.0 A, respectively. Angle S-Zn-S 
or S-Zn-NE2 was kept at 109 °. The zinc binding ligands from the 
pseudomolecule and the finger were overlapped. The tetrahedral con- 
straint energy was calculated as the sum of squares of deviation in the 
cartesian coordinates of the zinc binding ligands in the pseudo- 
molecule and finger. To get the energy equivalent this was multiplied 
by a weighting factor of 100. The structure of each finger was 
minimized in 3000-5000 cycles. The final structure had AMBER 
energy less than -267 kcal/mol. The structures were stabilized mainly 
by electrostatic and H-bonding interactions. The tetrahedral con- 
straint variation energy was less than 12 kcal/mol, and the RMS 
deviation from ideal tetrahedron was 0.014. These values can be com- 
pared with those for the first finger from Xenopus protein 
XFIN/8/where the AMBER optimised energy for 25 amino acid frag- 
ment was -304 kcal/mol. The starting data in this case were taken 
from NMR spectroscopy. Almost all the backbone torsional angles 
(not shown here) lie in the allowed range. Those which are outside are 
mostly Gly. Only five torsional angles for non-glycine residues lie out- 
side this range. They are in the bend regions. 
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AMINO ACID SEQUENCE OF ZINC FINGER MOTIFS OF HUMAN CLONE CELLUAR NUCLEIC ACID 

BINDING PROTEIN (CNBP) 

i 30 
4 Ash Glu Cys Phe Lys Cys Gly Arg Ser Gly His Trp Alo Arg Glu Cys Pro Thr 

i I , 
i I 
I I i I 

I I I I 

52 Asp I le Cys Tyr Arg Cys Oly Olu Ser GI.y His Leu A[o Lys Asp Cys Asp Leu 

I I I I 
[ I I I 

72 Asp AIo Cys Tyr Asn Cys Gly Arg Gly Gly His lie AIo Lys Asp Cys Lys GIu 
I I I I I 
I I , 

I I I I I 

96 Gin Cys Cys Tyr Asn Cys Gly Lys Pro Gly His Leu AIo Arg Asp Cys Asp His 
I ii I i 

l I l I 

117 Gin Lys C~,s Tyr Ser Cys Gly Gtu Phe Gly His lie Gln Lys Asp Cys Thr Lys 
I [ I I 
I I q l 
I I I 
I I 

135 Vol Lys Cys Tyr Arg Cys Gly GIu Thr GLy His Vol Aio lie Asn Cys Set Lys 
I [ I I 
I I I I 
I l I l 

156 Vol Asn Cys Tyr Arg Cys Gly GIu Ser Gly His Leu AIo Arg Olu. Cys Thr l ie  

Fig. 1. Amino acid sequence of CNBP in the seven repeats of 18 amino acids each. The sequence number of the starting amino acid of each repeat 
is given at the beginning. The sequence number of the residue from the beginning of the finger is given at the top of the first sequence. One can 
note the regular occurrence of Cys at position 3, 6 and 16, and His at 11. We also note Arg/Lys at position 14, Glu/Asp at 15, and Phe/Tyr at 4. 

2.2. DNA binding 
The octanucleotide sequence d(GTGCGGTG) was simulated in B 

form using coordinates from Arnott et al. [14] since there were no ex- 
perimental data on this sequence. Theoretical conformational con- 
siderations and X-ray crystallographic data [15,16] indicate that small 
oligonucleotide sequences exist in B-conformation. There were two 
reasons for choosing single-stranded over double-stranded DNA: (i) 
known affinity of CNBP an estrogen receptor (hER) for single- 
stranded DNA [ 1,17]; (ii) topological considerations. Single-stranded 
DNA has more room for binding to a 177 amino acid protein. The in- 
teraction of finger-1 with GpT was optimised using our IMF program 
[121. 

3. RESULTS AND DISCUSSION 

3.1. Stereochemical aspect o f  zinc fingers 
The amino acid sequences of  the seven zinc fingers of  

the CNBP protein were highly homologous (Fig. 1). As 
a result of  this their three-dimensional structures show- 
ed several common stereochemical features. The most 
striking was the helical region extending between 
residues 1 and 6 (Fig. 2) in all the seven fingers. The 
helix was distorted and could be classified as in between 
oe and 31o on the basis of  H-bonding scheme (H bonds 
were observed between i,i + 3, and i,i + 4 residues) and 
backbone torsional angles which were in between those 
for a and 310 helix. In case of  XFIN-31 [8] the helix ex- 
tended from residues 12 to 24, (twice as long as CNBP) 
and was a mixture of  ce and 310 helix. The structures in 
CNBP and XFIN-31 had some additional similarities, 
viz. orientation of polar and hydrophobic amino acid 
side chains. Vth position in all the seven fingers was oc- 
cupied by the polar amino acids Lys, Arg, Asn, Ser 
while second residue was polar in the case of  first and 
I I I - V I I  fingers. These projected away from the finger 
geometry similar to XFIN-31. Hydrophobic residues 

Leu, Ile, Val, Trp were buried inside. Trp-15 in CNBP-I 
stacked on His-14 (Fig. 2). As in the case of  XFIN-31, 
CNBP fingers were characterized by two loose bends 
between residues 7-10 and 13-16, respectively, with no 
specific interchain H-bonds between them (Fig. 3). The 
8th residue at the tip of  BEND-I was basic in fingers I, 
III  and IV and acidic in other cases. While the 9th 
residue could be both basic and hydrophobic. Contrary 
to this at the tip of  BEND-II,  the 14th position is oc- 
cupied by basic amino acids Arg/Lys  in all except finger 
VI while the 15th position is occupied by Glu/Asp.  
Positively and negatively charged side chains at the 
BEND-II  came closer than those at the BEND-I because 
of  the electrostatic interaction between them. As a 
result the structure is narrower towards BEND-II and 
wider towards BEND-I like a 'flower petal' with zinc 
ion in the middle of  compact globular structure. 

Because of  the two bends, amino- and carboxy- 
terminals point in opposite directions and the whole 
structure looks like a left hand palm (Fig. 3) with 
carboxy-terminal pointing towards the thumb. While 
XFIN-31 resembled right hand palm. The difference 
was mainly because of  the position of  the helix. The 
bends were distorted and did not belong to any classical 
types. A typical view of  the amino acids in the proximi- 
ty of  Zn ion is shown in Fig. 4. The average Zn-S and 
Zn-Ne2 distance was 2.4 and 2.02 ,~, and the angle 
X - Z n - X  equal to 108. 

3.2. DNA binding 
The only way of  interacting the seven-fingered, 177 

amino acid CNBP protein with the octanucleotide 
CORE sequences from SRE is to follow a 'petalloid' ar- 
rangement where each finger binds to one DNA base. 
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Fig. 2. Energy minimised model for the interaction of finger I with single-stranded GpT. H-bonds between residues 14 and 15 in the BEND-II with 
G are shown by dotted lines. 

We attempted interacting both BEND-I and BEND-II 
of the protein with the DNA bases (models I and II, 
respectively). Although we could make few specific H- 
bonding contacts in model I, it did not yield a sterically 
feasible model since there was not enough room to ac- 
commodate the adjacent fingers. We discarded this 

model also because of the lesser number of H-bonding 
contacts it made with the DNA bases. The model II with 
Bend-II interacting with the DNA base (Fig. 2) seemed 
sterically feasible. Two sets of bifurcated H-bonds 
could be formed in this case between Arg with 06 of 
guanine and Glu with N2H2 of guanine. The rest of the 
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Fig. 3. Schematic representation of the secondary structural elements 
of CNBP fingers. The sequence number of the amino acid starts from 
the beginning of the finger. The H-bonds are depicted by dotted lines. 

finger projects out with polar residues at BEND-I fac- 
ing the exterior. The SRE core sequence d(GTGC- 
GGTG) is rich in guanine and thymines. The inner bin- 
ding sites of these nucleotides from the major groove 
side (06 of G, 04 of T, and N1H of G and N3H of T) 
are chemically identical. The only difference is that they 
are closer to the backbone in thymine. We have alter- 
nately spaced acceptors and donors (06/04,N1H/N3H) 
which can match with the alternately spaced donors and 
acceptors in the BEND-II in the model II. There is an 
extra base in the octanucleotide SRE sequence. This is 
essential for accommodating a large loop of 34 amino 
acids between finger I and II. This loop also has Arg 
and Ser in the 10th and 1 lth position which can make 
contact with the DNA base in a manner similar to the 
fingers. A schematic representation of the protein DNA 

. . . .  

His 14 ~ NE 2 

SG#. - .  // 

N- SGI 

FINGER I (CNBP) 
ZINC BINDING RESIDUES 

Fig. 4. Amino acids in the proximity of Zn 2÷ in the finger I of CNBP. 

.._---~ C 
N ~ Protein 

,C 

A 

Fig. hA. 

Donar Acceptor  

• o Protein 

• o DNA 

O DNA BASE 

binding scheme is shown in Fig. hA. A complete model 
for seven-fingered CNBP protein with octanucleotide 
CORE sequence is presented in Fig. 5B. It is obtained 
by extrapolation of the model for finger I with GpT. 
Here the seven fingers along with a 34 amino acid loop 
contact the eight bases in octanucleotide SRE core se- 
quence. It can be seen from Fig. 5A that the donor ac- 
ceptor correspondence between protein requires that 
i+ 1 finger must interact with i-1 nucleotide base. In 
other words the direction of protein and DNA should 
be antiparallel, or protein N-C direction should be 
parallel to DNA 3 ' -5 '  direction. Thus finger I contacts 
eighth base (GS), loop the 7th base (T7), finger II 6th 
(G6), finger III 5th (Gh), and so on. There is no 'tang- 
ling' of the protein backbone. 

A complete recognition scheme was developed on the 
basis of the proposed model. We give a score of + if 
one donor acceptor criterion is satisfied by purines and 
+ + if both criteria are satisfied by the residues of posi- 
tion 14 and 15 in the BEND-II. If guanine is replaced by 
thymine we reduce the score to half for steric reasons. 
Zero score is given if neither criteria are satisfied. The 
loop is more flexible than the fingers. The donor-accep- 
tor sequence at the tip of the loop is slightly different. 
Arg can make H-bond with thymine 04, Ser oxygen may 
contact N3H of thymine, while hydrogen may obstruct 
it. Hence we give a score of + for the loop. In the case 
of the VIth finger, the 14th residue at the BEND-II is Ile 
and not basic as in other cases. The 15th position is oc- 

220 



Volume 274, number 1,2 FEBS LETTERS November 1990 

V 

I. \ \ XX / / vl / / ' q , } 7  

VII 

B 

3~ 
A PROPOSED MODEL FOR THE 
INTERACTION OF VII FINGER 
CNBP WITH 5"GTGCGGTG 3" 

Fig. 5.(A) A schematic representation o f  the binding of  three successive fingers to three successive DNA bases. The direction of  growth of the pro- 
tein is in the clockwise direction. The positively and negatively charged residues are placed alternately. The electron acceptors and donors from 
guanine  and thymine are also placed alternately on a arc of  a circle but  increase in anticlockwise direction. As a result, the next finger tip can interact 
only with the preceding base. In other words, N - C  direction of  the protein runs parallel to 3 ' - 5 '  direction of DNA.  (B) A proposed model for 
the interaction of  7-fingered CNBP protein with octanucleotide CORE sequence 5 ' - G T G C G G T C -  3' obtained by extrapolation of  the model for 
interaction of  Finger I with GpT.  The residues at the tip of  the BEND-II (Arg/Cys ,  Asp/Gly)  of  finger I H-bond with 06, N1H of  G8. Residues 
(Arg and  Ser) from the loop H-bond with T7, terminal residues at the BEND-II of  fingers II to VII H-bond with G6, G5, C4, G3, T2, G1. There 

is no ' tangling'  of  the protein backbone. 

cupied by Asn with donor as well as acceptor atoms. 
These two can form a pair of  hydrogen bonds with 
guanine or thymine. We give here a score of  + since on- 
ly one amino acid is involved. Table I gives the sum- 
mary  of  the recognition scheme of  CNBP by seven oc- 
tanucleotide sequences G T G C G G T G  (DNA1), GTG-  
G G G T G  (DNA2), C T G G G G T G  (DNA3), G T G G C -  
G C G  (DNA4), G T G G G T A T  (DNA5), C A T A G G T G  
(DNA6) and C A T A T C A T  (DNA7). The highest score 
of  14 is arrived at in the case of  DNA2, an octanu- 

cleotide core sequence f rom LDL receptor promoter ,  
followed by 13 for DNA1 in H M G  Co-A reductase 
SRE. The lowest score is for sequences DNA6 and 
DNA7 which do not offer  sterol responsiveness. Thus, 
the scheme seems to work well. 

Acknowledgments: The author  is thankful  for the Department  of  
Science and Technology of  the Government  of  India for financial sup- 
port and Director AIIMS for use of  CYBER 180/930 system. We are 
also thankful  to Prof.  P.A.  Kollman for sending us a copy of  
A M B E R  3.0. 

221 



Volume  274, n u m b e r  1,2 FEBS L E T T E R S  November  1990 

Table I 

A scheme for recognition of DNA sequences by CNBP 

CNBP Fing. Loop Fing. Fing. Fing. Fing. Fing. Fing. score 
I 1 II III IV V VI VII 

D A  D D  D A  D A  D A  D A H D A  D A  

DNA 
3 ' 5 ' A  D A D A D A D A D A D A D  A D 

DNA1 G T G G C G T G 
+ +  + + +  + +  + + +  + + +  13 

DNA2 G T G G G G T G 
+ +  + + +  + +  + +  + +  + + +  14 

DNA3 G T G G G G T C 
+ +  + + +  + +  + +  + +  + 12 

DNA4 G C G C G G T G 
+ +  + +  + +  + +  + + +  11 

DNA5 T A T G G G T G 
+ + + +  + +  + +  + + +  11 

DNA6 G T G G A T A C 
+ +  + + +  + +  + 8 

DNA7 T A C T A T A C 
+ + + 3 

D = Donor NH-Arg,Lys,N1H-G,N3H-T; A = Acceptor O- 
GIu,Asp.06-G,04-T. DNA1 = d(GTGCGGTG); 
DNA2 = d(GTGGGGTG); DNA3 = d(CTGGGGTG); 
DNA4 = d(GTGGCGCG); DNA5 = d(GTGGGTAT); 
DNA7 = d(CATATCAT). 

Fing, = Finger, H = Hydrophobic residue. 
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