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A model of the eEF1A1 isoform of hu man trans la tion elon ga tion fac tor 1A has been pro posed us ing a
homology mod el ling method.  The conformational mo bil ity of eEF1A1 has been stud ied by means of mul ti ple 
mo lec u lar dy nam ics sim u la tion.  The most es sen tial cor re lated mo tions in the pro tein have been iden ti fied
us ing the covariance anal y sis of atom tra jec to ries. It has been de ter mined that re cip ro cal flex i bil ity of do -
mains I and II can lead to dis ap pear ance of the gap be tween the do mains and to for ma tion of a “closed” con -
for ma tion of the pro tein.  The amino acid res i dues, which are char ac ter ised by max i mal flex i bil ity of
C

a
-at oms, have been de scribed.

Keywords: pro tein syn the sis, trans la tion elon ga tion, pro tein mo lec u lar dy nam ics

In tro duc tion. The main translational role of eEF1A is 
to de liver aminocyl-tRNA to 80S ri bo some and to
par tic i pate in se lec tion of cor rect aminoacyl-tRNA
in ri bo somal A site [1].  Sup pos edly, eEF1A is in -
volved in chan nel ling of deacetylated tRNA be tween 
aminocyl-tRNA syn the tas es and ri bo somes [2].  Be -
sides, eEF1A may take part in a num ber of pro cesses, 
which seem not to be con nected with pro tein
biosynthesis in the cell [3, 4].

There are at least two mam ma lian eEF1A isoforms,
which are 97% ho mol o gous and 93% iden ti cal [5].  It
seems like the func tions of these isoforms do not dif fer

much, how ever, the data tes tify to the dif fer ences be -
tween them, which may be re vealed in their dif fer ent
par tic i pa tion in cell sig nal ling ways, par tic u larly, in the
course of carcinogenesis [6–8].  There fore, it is im por -
tant to in ves ti gate the spa tial struc tures of highly ho -
mol o gous hu man eEF1A isoforms in or der to un der -
stand the ba sic struc tural cause of these dif fer ences. 
Cur rent work pres ents the study on hu man eEF1A1
isoform.

eEF1A1 mol e cule of mam mals con sists of 462
amino acid res i dues and has got seven mod i fied res i dues
as fol lows: N-trimethyllysines (M31) in po si tions 36, 79, 
and 318; N-dimethyllysines (Mly) in po si tions 55 and
165; L-glutamyl-5-glycerolphosphorylethanolamines
(GPE) in po si tions 301 and 374 [9].  The spa tial struc -
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ture of eEF1A of mammalians re mains un known as it
was im pos si ble to ob tain the crys tals of this pro tein.  At
the same time the knowl edge of 3D struc ture of eEF1A
as well as its dy nam ics in the so lu tion is nec es sary for
both thor ough un der stand ing of func tion ing of ri bo -
somal phase of pro tein biosynthesis in mam mals and
solv ing the ques tion on the mech a nisms of eEF1A in -
ter ac tions with nu mer ous part ner-pro teins, which are
not in volved in trans la tion di rectly.

There fore, the aim of cur rent in ves ti ga tion was to
de sign the model of spa tial struc ture of hu man eEF1A1
and to ana lyse the mo lec u lar dy nam ics of this pro tein in 
the so lu tion.

eEF1A of the fol low ing yeasts Saccharomyces
cerevisiae [10, 11] and archaebacteria Sulfolobus
solfataricus [12] were ana lysed us ing the method of
X-ray dif frac tion up to now.  As amino acid se quence of 
hu man eEF1A1 is 80.7% and 53.1% ho mol o gous to
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eEF1A1         1         MGKEKT HINIVVIGHV DSGKSTTTGH LIYKCGGIDK RTIEKFEKEA
Yeast          1         MGKEKS HINVVVIGHV DSGKSTTTGH LIYKCGGIDK RTIEKFEKEA
S.sulfotaricus 1         MS-QKP HLNLIVIGHV DHGKSTLVGR LLMDRGFIDE KTV-KEAEEA

eEF1A1         47    AE-MGKGSFK YAWVLDKLKA ERERGITIDI SLWKFETSKY YVTIIDAPGH
Yeast          47    AE-LGKGSFK YAWVLDKLKA ERERGITIDI ALWKFETPKY QVTVIDAPGH
S.sulfotaricus 45    AKKLGKESEK FAFLLDRLKE ERERGVTINL TFMRFETKKY FFTIIDAPGH

eEF1A1         96    RDFIKNMITG TSQADCAVLI VAAGVGEFEA GISKNGQTRE HALLAYTLGV
Yeast          96    RDFIKNMITG TSQADCAILI IAGGVGEFEA GISKDGQTRE HALLAFTLGV
S.sulfotaricus 95    RDFVKNMITG ASQADAAILV VSAKKGEYEA GMSVEGQTRE HIILAKTMGL

eEF1A1         146   KQLIVGVNKM DSTEPPYSQK RYEEIVKEVS TYIKKIGYNP DTVAFVPISG
Yeast          146   RQLIVAVNKM DSVK—WDES RFQEIVKETS NFIKKVGYNP KTVPFVPISG
S.sulfotaricus 145   DQLIVAVNKM DLTEPPYDEK RYKEIVDQVS KFMRSYGFNT NKVRFVPVVA

eEF1A1         196   WNGDNMLEPS ANMPWFKGWK VTRKDGNASG TTLLEALDCI LP-PTRPTDK
Yeast          194   WNGDNMIEAT TNAPWYKGWE KETKAGVVKG KTLLEAIDAI EQ-PSRPTDK
S.sulfotaricus 195   PSGDNITHKS ENMKWYNGPT LEE------- -----YLDQL EL-PPKPVDK

eEF1A1         245   PLRLPLQDVY KIGGIGTVPV GRVETGVLKP GMVVTF---A PVNVTTEVKS
Yeast          243   PLRLPLQDVY KIGGIGTVPV GRVETGVIKP GMVVTF---A PAGVTTEVKS
S.sulfotaricus 232   PLRIPIQDVY SISGVGTVPV GRVESGVLKV GDKIVF---M PAGKVGEVRS

eEF1A1         292   VEMHHEALSE ALPGDNVGFN VKNVSVKDVR RGNVAGDSKN DPPMEAAGFT
Yeast          290   VEMHHEQLEQ GVPGDNVGFN VKNVSVKEIR RGNVCGDAKN DPPKGCNASF
S.sulfotaricus 279   IETHHTKMDK AEPGDNIGFN VRGVEKKDIK RGDVVG-HPN NPPTVADEFT

eEF1A1         342   AQVIIL---- --NHPGQISA GYAPVLDCHT AHIACKFAEL KEKIDRRSGK
Yeast          340   ATVIVL---- --NHPGQISA GYSPVLDCHT AHIACRFDEL LEKNDRRSGK
S.sulfotaricus 328   ARIIVV---- --WHPTALAN GYTPVLHVHT ASVACRVSEL VSKLDPRTGQ

eEF1A1         386   KLEDGPKFLK SGDAAIVDMV PGKPMCVESF SDYPPLGRFA VRDMRQTVAV
Yeast          384   KLEDHPKFLK SGDAALVKFV PSKPMCVEAF SEYPPLGRFA VRDMRQTVAV
S.sulfotaricus 372   EAEKNPQFLK QGDVAIVKFK PIKPLCVEKY NEFPPLGRFA MRDMGKTVGV

eEF1A1         436   GVIKAVDKKA AGAGKVTKSA QKAQKAK
Yeast          434   GVIKSVDK-T EKAAKVTKAA QKAAK-K

S.sulfotaricus 422   GIIVDVKP-- ---AKVEIK 

Fig.1 Align ment of hu man eEF1A [13], eEF1A of yeasts [14], and aEF1A of archaebacteria Sulfolobus solfataricus [15]



that of yeasts and archaebacterial fac tors 1A re spec -
tively (Fig.1), there fore, the data were used as tem plates 
to sim u late 3D struc ture of the eEF1A1.

The conformational mo bil ity of eEF1A1 was stud -
ied us ing the method of mo lec u lar dy nam ics sim u la tion 
in the 10 ns time scale.  Six tra jec to ries with dif fer ent
ini tial ve loc i ties of at oms were ob tained and the most
mov able re gions of pro tein struc ture were de ter mined. 
The most es sen tial cor re lated mo tions in the pro tein
were iden ti fied us ing the covariance anal y sis of atom
tra jec to ries.  It was de ter mined that re cip ro cal flex i bil -
ity of do main II and the “top” part of do main I can lead
to dis ap pear ance of the gap be tween the do mains I and
II and to the for ma tion of new (“closed”) con for ma tion
of eEF1A.  The tran si tion be tween “open” and “closed” 
pro tein con for ma tions was shown to be re vers ible. 
This sort of changes in eEF1A con for ma tion may be in -
volved in the compactisation of eEF1A mol e cule at the
in ter ac tion with tRNA ear lier de scribed [16].

Ma te ri als and Meth ods. 3D model of hu man
eEF1A1 was de signed us ing Swiss-Model server
(http://swissmodel.expasy.org//SWISS-MODEL.html) 
[17] us ing crys tal lo graphic struc tures of eEF1A of S.
cerevisiae (PDB codes – 1ije, 1ijf, 1g7c [11], and 1f60
[10]) and of S. solfataricus (1jny [12]) as tem plates
(Fig.1).  The model ob tained con sists of 442 amino acid 
res i dues – from Gly2 to Lys443.  N-ter mi nal amino
acid res i dues of yeast and archaebacterial pro teins were 
not de ter mined us ing the X-ray dif frac tion, thus, ho -
mol o gous res i dues of hu man eEF1A1 were not in -
cluded into the fi nal model.

Lysine res i dues 36, 79, and 318 were re placed with
trimethyllysines, whereas Lys55 and Lys165 were re -
placed with dimethyllysines, sub sti tut ing cor re spond -
ing hy drog e nous at oms for methyl groups.  NH

2
-groups 

of Gln301 and Gln374 were re placed with
glycerylphosphorylethanolamine ones [9].

The ma jor part of sim u la tion of mo lec u lar dy nam -
ics was per formed at the com put ing clus ters of Na tional 
Taras Shevchenko Uni ver sity of Kyiv (www.clus -
ter.kiev.ua/eng/) and of Glushkov In sti tute of Cy ber -
net ics of NAS of Ukraine (clus ter.icyb.kiev.ua).  Mo -
lec u lar dy nam ics sim u la tion was per formed us ing
Gromacs 3.1.4 soft ware [18].  Force field Gromos96 [19] 
was mod i fied, add ing pa ram e ters for N-methyllysine
(Mls), N-dimethyllysine, N-trimethyllysine, and

L-glutamyl-5-glycerylphosphorylethanolamine res i -
dues.  The top o log i cal data on non-stan dard amino acid
res i dues were ob tained from PRODRG2 server
(http://davapc1.bioch.dun-dee.ac.uk/pro -
grams/prodrg/prodrg.html) [20].  The hy dro gen at oms
were added to non-car bon heavy at oms us ing pdb2gmx
pro gram of Gromacs 3.1.4 pack age.  Arginine, lysine,
dimethyllysine res i dues and N-termianal amino group
were protonated and charged pos i tively.  Car boxyl
groups of as par tic and glutamine ac ids res i dues and
C-ter mi nal res i due were re mained deprotonated with
–1 charge.  His7 res i due was protonated by N

e
atom, be -

cause in case of N
d
 protonation, the dis tance be tween

hy dro gen atom and CH
d
-group of Tyr86 would have

been less than the sum of Van der Waals ra dii. 
Histidine res i dues 15 and 95 were protonated by N

e
, as

N
d
 at oms of these res i dues form the hy dro gen bonds

with pep tide hy dro gen at oms of Asp17 and Asp97 re -
spec tively.  His26, His296, and His367 were
protonated by N

d
 at oms, which al lows the pro tons to in -

ter act elec tro stati cally with car bonyl ox y gen at oms of
the same res i dues.  His136 was protonated by N

d
, as N

e

atom forms the hy dro gen bond with am ide hy dro gen of
Gln132 side chain.  His295 was protonated by N

e
 po si -

tion to al low pro ton to in ter act with N
e
 of His296.  His

349 was protonated in po si tion N
d
 rather than in N

e
 be -

cause the dis tance from CH2b
 of Met429 would have

been less than the sum of Van der Waals ra dii.  His364
is de fined as N

d
-protonated, as in this case pro ton may

in ter act with sul phur at oms of Cys363 res i due.
The pro tein mod els were in serted into the vir tual

box of a trun cated octahedron shape, 1256.34 nm3.  The
min i mal dis tance be tween the pro tein and the box wall
was 1.5 nm to pre vent ar ti fi cial pe ri od ic ity and to al low
the pro teins to change con for ma tions freely [21, 22]. 
39557 SPC (Sin gle Point Charge) mod els of wa ter mol -
e cules were added to the box [23].  To neu tral ise the
charge of the sys tem and to im i tate the ionic force of 0.1 
mole/l, 69 and 74 mol e cules of wa ter were re placed
with so dium and chlo rine ions.  The po si tions of the
ions were cho sen by the Pois son-Boltzmann dis tri bu -
tion.  The ini tial at oms ve loc i ties were gen er ated ac -
cord ing to the Maxwell’s dis tri bu tion.  At oms co or di -
nates data were up dated ev ery 2×10–15 s.  The pro tein
bonds are con strained by the lin ear con straint solver
(LINCS) al go rithm [24].  The cut-off for elec tro static
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in ter ac tion is 0.9 nm, whereas a dou ble cut-off was set
for Van der Waals in ter ac tions: the in ter ac tions be -
tween at oms within 0.9 nm were up dated at each step,
and the in ter ac tions within the dis tance be tween 0.9 and 
1.4 nm were up dated at each 10th step.  The Par ti -
cle-mesh Ewald (PME) al go rithm [25] was ap plied to
de scribe the long-range elec tro static in ter ac tions.

The lev els of tem per a ture and pres sure were kept at
298 K and 1 at mo sphere us ing the Berendsen’s method
[26] with re lax ation times of 0.1 ps and 0.5 ps, re spec -
tively.  Af ter equil i bra tion of sol vent mol e cules, ad di -
tional en ergy minimization of the pro tein model was
car ried out.  Then, the main MD sim u la tion was per -
formed with the same pa ram e ters as the re strained sim -
u la tion, ex cept for affixment of pro tein co or di nates to
the ini tial val ues and the pres sure con trol.  The pro tein
co or di nates were re corded into the out put tra jec tory file 
ev ery 1 ps.  The time of the sys tem equil i bra tion was
de fined as the time when the root-mean-square de vi a -
tion (rmsd) of the C

a
-at oms trace reached a pla teau.  The 

time of equil i bra tion was not in cluded dur ing the
covariance anal y sis and dur ing the cal cu la tions of
root-mean-square fluc tu a tions of C

a
-at oms.

Six MD sim u la tions were per formed.  Six tra jec to -
ries, dif fer ent in the ini tial ve loc i ties of at oms are as fol -
lows: 1 (10000 ps), 2 (10466 ps), 3 (7110 ps), 4 (10514
ps), 5 (9920 ps), and 6 (10297 ps).

The tra jec tory anal y sis was per formed us ing fol -
low ing pa ram e ters:

1.) C
a
-at oms trace rmsd af ter fit ting to the ini tial

con for ma tions be fore the main dy nam ics (us ing g_rms
pro gram of Gromacs 3.1.4 pack age);

2.) The dis tances be tween the cen tres of the do -
mains (g_dist pro gram) (co or di nates of cen tres were
de ter mined as the mean value of co or di nates of all
C

a
-at oms of the cor re spond ing do main);

3.) Min i mal dis tance and the num ber of con tacts be -
tween res i dues Arg69-Leu77 and His295-Gly305, lo -
cated on the op po site sides to the gap be tween do mains
I and II (g_mindist pro gram); 

4.) The root-mean-square fluc tu a tions (rmsf) of
C

a
-at oms with re spect to their av er age po si tions af ter

fit ting to the ini tial con for ma tion (g_rmsf pro gram) (as
the do mains moved freely rel a tive to each other,
root-mean-square fluc tu a tions of C

a
-at oms were cal cu -

lated for the each do main sep a rately af ter fit ting of the

do main con for ma tions to the ini tial ones; the tra jec tory
ranges of 6000 ps af ter equil i bra tion were se lected for
the cal cu la tions);

5.) The covariance anal y sis of the cor re lated mo -
tions of C

a
-at oms (g_covar, g_anaeig and g_ana lyse

pro grams).
The tra jec tory 2 was se lected as the most sta ble one

us ing the graphs of root-mean square fluc tu a tions of
pro tein con for ma tion (Fig.3, a), then the ma trix M of
root-mean-square fluc tu a tions for the se lected tra jec -
tory was built.  Each ma trix el e ment M

i,j
 is the rmsd be -

tween the pro tein con for ma tions at time mo ments i and
j.  Thus, the ma trix size is n´n, where n is the num ber of
the tra jec tory frames (equal to the num ber of pi co sec -
onds in the tra jec tory).  The ma trix was vi su al ized in
such a way that ev ery el e ment would be pre sented as a
dot, col our range from white to black, de pend ing on the
cor re spond ing value.  The ma trix re gion of visu al ised,
pre sented as light square and spe cific for low
root-mean-square fluc tu a tions (2500–10466 ps) was
de ter mined.

The covariance anal y sis was per formed for this tra -
jec tory range and the covariance ma trix C was con -
structed:

® ®
C x t x t x t x t

k l k k l l,
( ) ( ) ( ) ( )= - ´ - , (1)

where the ar rows above the ex pres sions de note vec -
tor val ues, the an gle brack ets – av er age val ues, the ´
sign is sca lar prod uct here, x is co or di nate, t - time, k
and l are one of the space di men sions (x, y or z) for one
of the at oms.  So the covariance ma trix has 3 m ́  3 m di -
men sions, where m is the to tal num ber of C

a
-at oms in

the pro tein model, i.e. 442.  If the two at oms move
along cer tain Car te sian axes ab so lutely
asynchronously, the ma trix el e ment is equal to zero.  If
they move ab so lutely syn chro nously, the ma trix el e -
ment cor re sponds to the at oms rmsf.  As the at oms
move syn chro nously with them selves, the covariance
ma trix di ag o nal con tains the cor re spond ing at oms rmsf
val ues along cer tain Car te sian axes.

The ma trix C has been diagonalized us ing
orthonormal ma trix R:

C R diag R
m

T= × ×( , ,... )l l l
1 2 3

(2)
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where the col umns of ma trix R are eigenvectors, which
cor re spond to eigenvalues l, l

1
 ³ l

2
 ³…³ l

3m
.  The first

few eigenvectors (char ac ter ized by the larg est
eigenvalues) of ten re flect col lec tive global mo tions of
the at oms.  The qual ity of the covariance anal y sis must
be con trolled to ex clude in ter pre ta tion of the ran dom
dif fu sion of pro tein at oms as cor re lated mo tion.  In the
case of the ran dom dif fu sion, the pro jec tion of the tra -
jec tory on eigenvector k is the co sine with a pe riod of
t

¥
×k/2, where t

¥
 is the length of the an a lyzed part of the

tra jec tory (ps).  That is why the co sine con tent of the
tra jec tory pro jec tions is cal cu lated us ing the g_ana lyse
pro gram.  The co sine con tent is equal to 1 if the tra jec -
tory pro jec tion is com pletely cosinusoid with re spec -
tive pe riod and the atom mo tions are com pletely ran -
dom.  If the atom mo tions along re spec tive eigenvector
are com pletely cor re lated, the co sine con tent is zero. 
So the co sine con tent can be con sid ered as a frac tion of
the at oms mo tion ran dom ness.

The pro grams VMD [28] and Swiss-PDB Viewer
[29] were used for the tra jec tory vi su al iza tion and
graph i cal anal y sis of re sulted con for ma tions.

Re sults and Dis cus sion. The model con sists of
three do mains.  The first do main con tains 8 b-strands
(Thr6-Ile13, Trp78-Thr82, Tyr85-Ala92,
Cys111-Ala118, Gln147-Asn153, Ala189-Ile193,
Trp214-Arg218, and Gly221-Gly225), which form the
b-sheet sur rounded by 8 a-he lixes (Lys20-Lys30,
M3l/Lys36-Glu48, Ala57-Glu68, Asp97-Thr104,
Val120-Ala125, Thr133-Leu143, Gln164-Ile181, and
Leu228-Asp233).

The sec ond do main is the b-bar rel formed by the
b-strands Leu248-Leu250, Asp252-Ile256,
Gly260-Val267, Met276-Ala281, Val285-Val289,
Ser291-Met294, Glu297-Leu299, Asp306-Val312 and
Asn324-Ser329.

The third do main also is the b-bar rel con sist ing of
b-strands Gly339-Leu347, Tyr357-Cys363,
Ala366-Asp380, Lys385-Gly390, Asp398-Gly407,
Gly422-Asp428, and Gln431-Lys443.  Do mains I and
III, as well as II and III are lo cated close to each other,
whereas there is a sig nif i cant dis tance be tween do mains 
I and II, lim ited by Arg69-Leu77 loop from the side of
do main I and by His295-Gly305 from the side of do -
main II (Fig.2, a).

In the pres ent study the res i dues from Gly2 to
Pro238 are at trib uted to do main I, be cause Pro238 is the 
last res i due from the con tin u ous se ries of res i dues in the 
un struc tured chain Cys234-Arg247, which are sit u ated
within the dis tance of the Van der Waals ra dii sum to
res i dues from the other chain of the do main I (Asp110
for Pro238). Sim i larly, Pro241 is the first res i due from
the chain Cys234-Arg247, which is within the dis tance
of the Van der Waals ra dii sum to res i dues of other
chain of the do main II (Gly270), so Pro241 is cho sen as
the first res i due of the do main II. Ser329 is the end of
the do main II be cause it is the last res i due in the
Asn324-Ser329 b-strand. Do main III starts with
Met335, which is sit u ated within the dis tance of the
Van der Waals ra dii sum to res i due of other chain of the
do main III (Cys411).  Such se lec tion of do main bor ders 
pre vents ar ti fi cial mo bil ity at the ter mi nal ends of do -
mains dur ing fit ting of any other do main con for ma tion
to the ini tial con for ma tion.

Com plete conformational sam pling for a
three-do main pro tein may re quire an MD tra jec tory
of a rel a tively long time scale.  How ever, the pro tein
can adopt denaturated forms dur ing sim u la tion, and
if the only tra jec tory is avail able, the denaturated
state can be in ter preted as na tive con for ma tion in so -
lu tion.  More over, sta tis ti cal er rors ac cu mu late at
long MD cal cu la tion.  In view of the afore said, an al -
ter na tive, mul ti ple MD sim u la tion method [30, 31]
has been used.  The method con sists in the sim u la tion 
of sev eral rel a tively short MD tra jec to ries start ing
from the same ini tial pro tein con for ma tion with dif -
fer ent ini tial atom ve loc i ties.  Mul ti ple MD sim u la -
tion per mits a re duc tion of com pu ta tional time, a
wid en ing of the sta tis ti cal ba sis, and al lows us to
eval u ate qual ity of sin gle tra jec to ries and min i mize
force-field in duced artefacts [32, 33].

The time de pend ence of rmsd of cur rent eEF1A
con for ma tions af ter fit ting on the ini tial one is pre -
sented in Fig.3, a.  Es sen tial vari abil ity in data shows
the pres ence of a sig nif i cant conformational space
(the set of con for ma tions) of eEF1A in aque ous so lu -
tion.  Tra jec tory 2 is char ac ter ized by the pro tein con -
for ma tions with min i mal rmsd.  The range of
2500-10466 ps of tra jec tory 2 was de ter mined to be
the most sta ble one; there fore, the covariance anal y -
sis was per formed for this range.
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The eigenvalues and co sine con tents for pro jec -
tions of the tra jec tory onto first six eigenvectors are
pre sented in Ta ble 1.  As it is seen co sine con tents are
ac quired in the range of 0.00111–0.0337, which in di -
cates the high qual ity of the covariance anal y sis per -
formed.  The first prin ci pal com po nent of tra jec tory 2
(Fig. 4, a) is char ac ter ized by an in creased prox im ity
of the “top” part of the do main I (tail Gly2-Lys5, a-he -
lixes M3L36-Glu48, Ala57-Glu68 and loops
Cys31-Asp32, Met49-Tyr56, Arg69-Leu77) and do -
main II. The pro jec tion of tra jec tory 2 onto the sec ond
eigenvector is de scribed by ro ta tion of the “top” part
of do main I around hor i zon tal axis and of do main II
and the “re main ing” part of do main I around ver ti cal
axes (Fig.4, b).  In ad di tion, the “up” and “down” mo -
tions of res i dues Gln352, Leu375, Lys376, Leu387,
Glu388, Gly390, Met429, Arg430 oc cur on do main
III.  Leu375-Lys376 and Leu387-Gly390 com pose
b-hair pin Leu375-Gly390, res i dues Met429-Arg430
are lo cated at the tip of â-hair pin Gly422-Val437,
whereas Gln352 is lo cated in the dis or dered loop
Asn348-Gly356.

The third prin ci pal com po nent of the tra jec tory 2
(Fig.4, c) is con sis tent with the ro ta tion of do main I, on
one side, and of do mains II and III, on the other side,
around the same hor i zon tal axis, but in the op po site di -
rec tions.

The dis tance be tween cen tres of the do mains was
cal cu lated (Fig.3, b) to ana lyse di rectly the inter-do -
main mo bil ity of the isoforms. A di rect link be tween
the full pro tein rmsd and the dis tance be tween the do -
mains I and II is ob served for eEF1A1 (Fig. 3, a and b). 
The tra jec to ries char ac ter ized by the max i mal rmsd for
the full pro tein (6 and 1) dem on strate the small est dis -
tance be tween do mains I and II.  Sim i larly, the tra jec to -
ries with the min i mal rmsd (2 and 4) show the max i mal
dis tance be tween the do mains I and II.  Con se quently,
the de par ture of eEF1A1 from the ini tial con for ma tion
is ac com pa nied by the ap proach ing of the do mains I
and II, and tra jec tory av er age con for ma tions dif fer in
smaller dis tances be tween do mains than the ini tial con -
for ma tion. It has to be noted also that the dis tances be -
tween do mains I and II and be tween do mains II and III
do not change es sen tially.

Mu tual approachment of do mains I and II re sults in
clos ing of the gap be tween the do mains, i.e. be tween
Arg69-Leu77 and His295-Gly305, lo cated at the bor -
ders of the gap from the side of do mains I and II re spec -
tively (Fig.2, a).  Min i mal dis tance and the num ber of
in ter atomic con tacts be tween the men tioned res i dues
are pre sented in Fig.3, c and d.  For tra jec to ries 1 and 6,
the value of min i mal dis tance is de creased to the sum of
Van der Waals ra dii at 6100 and 1300 ps, re spec tively
(Fig.3, c), whereas the num ber of in ter atomic con tacts
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Fig.2 Three-di men sional model of hu man eEF1A: a – do mains I, II, III (Arg69-Leu77 and His295-Gly305, lo cated on the op po site sides of
the gap be tween do mains I and II are marked black); b – amino acid res i dues rmsf, ex ceed ing 0.14 nm in do main I; 0.11 nm in do main II, and
0.09 nm in do main III (marked black)



in creases sig nif i cantly – from 0 to 20–280 (Fig. 3, d). 
There fore, com pletely closed pro tein con for ma tion,
with no gap be tween do mains I and II, is formed.  The
pro teins can os cil late from an ex tended to a com pact
con for ma tion and vice versa.  For ex am ple, the tra jec -

tory 6 moves to an “open” con for ma tion at 2900 ps,
then re turns to a “closed” one at 4300 ps. The pro tein on 
tra jec tory 5 adopts the “closed” con for ma tion for a
short pe riod of time only (8500–8600 psec).  Ear lier,
us ing the method of small-an gle neu tron scat ter ing we
have dem on strated that eEF1A1 mol e cule be comes
more com pact in the pres ence of tRNA [16].  Sup pos -
edly, “closed” con for ma tion of eEF1A1 is sta bi lized by 
the in ter ac tions with mol e cule of tRNA.

To char ac ter ize the ran dom, non-cor re lated mo -
tions of C

a
-at oms, the rmsfs of these at oms were cal cu -

lated for the sep a rate do mains in the 6000 ps tra jec tory
ranges: 4000-10000 ps for the tra jec to ries 1, 2, 4, and 6; 
1110-7110 ps for the tra jec tory 3, and 3920-9920 ps for
the tra jec tory 5. The data were av er aged for each tra jec -
tory (Fig. 5).  Amino acid res i dues with rmsfs higher
than 0.14 in do main I, 0.11 in do main II, and 0.09 in do -
main III are pre sented in Fig.2, b in black col our.  Dif -
fer ent val ues of rmsf thresh olds are con nected with dif -
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Fig.3 Re sults of mo lec u lar dy nam ics anal y sis of hu man eEF1A1: a – rmsd of pro tein con for ma tions from the ini tial C
a
-at oms con for ma tion;

b – dis tance be tween do mains I and II; c – min i mal dis tance be tween amino acid se quences Arg69-Leu77 and His295-Gly305; d – the num -

Number of
eigenvector

Eigenvalue Cosine content

1 2.92577 0.0337375

2 1.68434 0.0250312

3 0.688702 0.00184525

4 0.468017 0.001109

5 0.326925 0.0284407

6 0.282979 0.0273437

First eight eigenvalues and co sine con tents for the 2500-10466
ps part of tra jec tory 2



fer ent sizes of do mains – the larger do main, the higher
are root-mean-square fluc tu a tions of C

a
-at oms.  As it is

seen from Figs. 5, a and 2, b, do main I is spe cific for the
high est mo bil ity of amino acid res i dues in the dis or -
dered re gions (Gly2-Glu4, Met49-Phe54,
Arg69-Asp74, Asn130, Ser157-Pro161, Ala206,
Pro209, Trp210, Lys212), at the ter mi nal ends of a-he -
lixes, close to dis or dered re gions (Ala47-Glu48, Glu68, 
and Val120), and at the tip of b-hair pin Trp214-Gly225
(Lys219-Gly221).  In do main II the most mov able are
Ile256-Gly260 and His295-Glu297, which form the
tips of b-hair pins Asp252-Val264 and Val292-Leu299,
re spec tively, and also Ser329 at the C-ter mi nus of the
do main (Fig.5, b and Fig.2, b).  In do main III the most
mov able are Arg381-Gly390 and Met429-Arg430, lo -
cated in b-hair pins Leu375-Gly390, Gly422-Val437,
as well as Met335, Pro350, Gly351, Lys408 in the dis -

or dered re gions and Gly407, Lys443 at the ter mini of
b-strands (Fig.5, c and Fig.2, b).

Thus, we de scribed in de tail the conformational
mo bil ity of the im por tant com po nent of hu man trans la -
tion sys tem – eEF1A us ing the method of mul ti ple mo -
lec u lar dy nam ics sim u la tion.  The main mo bil ity of the
mol e cule was shown to re veal at the level of open -
ing-clos ing of the gap be tween struc tural do mains I and
II.  The pos si bil ity for compactisation of eEF1A was
con firmed by ex per i men tal data, ob tained ear lier.  The
most mov able re gions of eEF1A mol e cule, lo cated in
all three struc tural do mains of pro tein were de scribed.
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Fig.4 Main cor re lated mo tions of eEF1A1 mol e cule in the re gion
of 2500–10466 ps along the first (a), sec ond (b), third (c)
eigenvectors of tra jec tory 2; the re gions with max i mal mo bil ity of
C

a
-at oms (>0.05nm) along the cor re spond ing eigenvectors are

marked in black; the mean con for ma tion in the range of 2500–10466

ps is pre sented
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Ä. Ñ. Êàíèáîëîöêèé, À. Â. Íîâîñèëüíàÿ, Á. Ñ. Íåãðóöêèé, À. Â.
Åëüñêàÿ

Êîíôîðìàöèîííàÿ ïîäâèæíîñòü ôàêòîðà ýëîíãàöèè òðàíñëÿöèè

eEF1A1 ÷åëîâåêà 

Ðåçþìå

Ìåòîäîì ìîäåëèðîâàíèÿ ïî ãîìîëîãèè ïîñòðîåíà ìîäåëü
èçîôîðìû eEF1A1 ôàêòîðà ýëîíãàöèè òðàíñëÿöèè ÷åëîâåêà.
Êîíôîðìàöèîííàÿ ïîäâèæíîñòü eEF1A1 èçó÷åíà ìåòîäîì
ìíîãîêðàòíîãî ìîäåëèðîâàíèÿ ìîëåêóëÿðíîé äèíàìèêè. Ñ
èñïîëüçîâàíèåì êîâàðèàöèîííîãî àíàëèçà âûäåëåíû íàèáîëåå
ñóùåñòâåííûå ñîãëàñîâàííûå äâèæåíèÿ àòîìîâ. Îïðåäåëåíî,
÷òî âçàèìíûå äâèæåíèÿ ïåðâîãî è âòîðîãî äîìåíîâ ìîãóò
ïðèâîäèòü ê çàêðûòèþ ùåëè ìåæäó äîìåíàìè è îáðàçîâàíèþ
íîâîé «çàêðûòîé» êîíôîðìàöèè. Îïèñàíû àìèíîêèñëîòíûå

îñòàòêè, îáëàäàþùèå íàèáîëüøåé ïîäâèæíîñòüþ C
a
-àòîìîâ.

Êëþ÷åâûå ñëîâà: áèîñèíòåç áåëêà, ýëîíãàöèÿ òðàíñëÿöèè,
ìîëåêóëÿðíàÿ äèíàìèêà áåëêîâ.
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Fig.5 Root-mean-square fluc tu a tions of C
a
-at oms, cal cu lated in the

tra jec tory re gions of 6000 ps for: a – do main I; b – do main II; c – do -
main III; the mean tra jec to ries-wise data are pre sented
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