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The determination of thymopoietin conformation based on
X-ray structure of a discontinuous thymopoietin-like motif

of G-actin
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The biologically active conformation of thymopoietin, based on X-ray data
reported for discontinuous thymopoietin-like motif of G-actin, is proposed. The
conformation is compared with that resulting from the prediction made by the
method of Chou & Fasman (Annu. Rev. Biochem. 47, 261-276, 1978) and Rost &
Sander (Methods Enzymaol. 266, 5256-539, 1996).

Thymopoietins I and 1II are two closely re-
lated polypeptides, first isolated from bovine
thymi [1]. The biological activity of thy-
mopoietins consists in propagation of thymo-
cyte differentiation, which leads to the emer-
gence of different subclasses of T cells after
contact with an antigen [2]. During our
search for thymopentin-like sequences (thy-
mopentin is the smallest fragment of thy-
mopoietin that exhibits the thymopoietin bio-
logical activity [3]), which are present in
many regulatory and defence proteins [4-6],
we found that there appears a discontinuous
thymopoietin-like motif in the molecule of
the rabbit muscle contractile protein, G-ac-
tin. It is composed of two longer fragments
(96-110 and 276-306) and Argl77 and
Asnl162 residues, corresponding to the frag-
ment Lys-Ser of thymopoietin which con-
nects N-terminal and C-terminal parts of the
peptide. Actin is a very conservative protein:
the thymopoietin-like motif is preserved in
actins from all the investigated species.

The homology between human thymopoie-
tin and rabbit G-actin thymopoietin-like mo-
tif is documented in Fig. 1. It is known that
thymopoietin affects neuromuscular trans-
mission, evoking abnormalities similar to
those observed in the human disease, myas-
thenia gravis. In the opinion of Goldstein &
Schlesinger [7] myasthenia gravis is a conse-
quence of systematic release of thymopoietin
from thymus with ensuing neuromuscular
block. We assume that these phenomena may
be related to the homology between thy-
mopoietin and thymopoietin-like motif of G-
actin. It seems probable that both: tymopoie-
tin and actin G interact with the same pro-
tein receptor. Thymopoietin could, e.g., influ-
ence the polymerisation of G-actin. The last
supposition is supported by the fact that the
residues 110-112, 285 and 286289 of G-ac-
tin belonging to the thymopoietin-like motif
of G-actin, participate in different interac-
tions, which stabilise actin filaments [8]. In
such a case, however, the spatial structure of
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Figure 1. Comparison
of the sequence of the

B

thymopoietin-like motif of G-actin should re-
fleet the conformation of thymopoietin, at
least its conformation required for the elu-
citing of the myasthenia gravis phenomenon.
Thus, the X-ray structure of thymopoietin-
like motif of G-actin can be used as a model
for the search of thymopoietin conformation.
Such a possibility is examined in this paper
by using the molecular modelling methods.

EXPERIMENTAL

Molecular modelling studies

Conformational energy minimisation and
dynamics simulation were performed using
a HyperChem v. 4.0 software (Autodese, Inc.)
with an Amber Force field. The X-ray struc-
ture of rabbit skeletal muscle actin [9] was
used as the starting structure in the model-
ling. The minimum energy conformation of
thymopoietin was computed by two inde-
pendent methods:

Method A. The 1-15 and 18-48 fragments
of human thymopoietin were endowed with
conformational angles ¢ and y resulting from
the X-ray structure of the respective frag-
ments (96-110 and 276-306) of rabbit G-ac-
tin. The Leu-Lys-Ser-Glu tetrapeptide moi-
ety was in the conformation enabling the
connection of two fragments. The potential
energy of the system was minimised in
vacuo, i.e. without respect to the external
interactions of the peptide.

Method B. Within the G-actin molecule a
cavity was formed by removing the residues
belonging to the thymopoietin-like motif (the
fragments 96-110 and 276-306 and residues

human thymopoietin
and the thymopoietin-
like motif of mammal-
ian G-actin.

- - -, similar residues;
—, the same residues.

(X

Argl77 and Asnl62). The Metl76 residue
was also removed to avoid sterical con-
straints. The continuous thymopoietin se-
quence was located in this cavity and its ends
were assumed to be covalently bound to the
residues 95 and 307 of G-actin, respectively.
The particular amino-acid residues of thy-
mopoietin sequence were endowed with con-
formational characteristics of the respective
residues of G-actin; the conformation of the
binding element Leul5-Lys-Ser-Glul8 was
adjusted to such a fragment of G-actin which
enabled creation of a continuous thymopoie-
tin segment within the G-actin cavity. The
conformational energy of the thymopoietin
segment was minimised considering all vari-
ables, taking the conformation of all other
amino-acid residues invariable, i.e. assuming
that the G-actin residues form a rigid matrix
for the thymopoietin segment.

Molecular dynamics simulation

A 100000-step (100 ps) dynamic simulation
was carried out for the thymopoietin segment
inserted into the G-actin matrix in the mini-
mum energy conformation. The simulation
was performed at the constant temperature
of 300 K, followed by cooling the system to
0 K over the time period of 10 ps. The same
procedure was used for isolated thymopoietin
endowed with a conformation resulting from
method B.

The prediction of thymopoietin conforma-
tion from its sequence

The prediction of thymopoietin secondary
structure from its sequence was carried out
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by the PHD (Profile network prediction
HeiDelberg) system of Rost & Sander
[10-12].

RESULTS

The mutual spatial orientation of G-actin
fragments which constitute the thymopoie-
tin-like motif of the protein, is shown in Fig.
2. It can be seen from this figure that limited
changes of the conformational angles ¢ and
of Leull0, Asnl62, Argl77 and Glu276 en-
able formation of the continuous thymopoie-
tin-like segment within the molecule of G-ae-
tin. The conformational angles of the resi-
dues of G-actin used in the computation of
the thymopoietin conformation, are summa-
rised in Table 1. In the same Table the values
of & and w angles calculated for thymopoie-
tin by methods A and B are given. As we can
see from these data, both methods lead to
very similar structures, although the confor-
mation calculated by method A is closer to
that existing in G-actin than the conforma-
tion computed by method B.

The most characteristic pattern of the com-
puted thymopoietin conformation is the pres-
ence of two helical fragments (Val20-Leu26
fragment on one side, and Gly29-Val37 frag-
ment on the other side), connected by the
irregular loop created by the Pro-Ala moiety.
The first of these fragments exists in a-heli-
cal conformation while the second is more
extended and resembles rather 3, helix. The
N-terminal part of the molecule is less regu-
lar. Its structurally organised elements con-
sist of the Leud4—Glub helix, inverse y-turns
on Pro7 and Lys14, a y-turn on Leul5, and
a distorted B structure element of the dipep-
tide moiety Ala8-Val9. The conformation of
thymopoietin (computed by method B) is de-
picted in Fig. 3.

This conformation, corresponding to the lo-
cal minimum energy found by the method
discussed above, was used as a starting one
for the molecular dynamies simulation. The
obtained structure is shown in Fig. 4. As we
can see from this picture, the thymopoietin
sequence inserted into a G-actin molecule
shows a distinct conformational stability.
The minor changes of conformation are easy

‘Thymopoietin conformation 9521

to observe for N-terminal and central parts
of the thymopoietin segment. In particular,
the stability of the helix present in the Arg32-
Glu38 fragment is worth noting. Of course,
the conformational stability of the thy-
mopoietin segment may be in this case due
to the influence of the G-actin rigid matrix:
the insertion of thymopoietin into the G-actin

Table 1. Torsional angles of a discontinuous
thymopoietin-like motif in G-actin molecule
taken from the X-ray structure of rabbit skele-
tal muscle actin ([9], panel A) and our models
of biologically active conformations of thy-
mopoietin obtained after energy minimaliza-
tion in vacuo (panel B} and within the actin
molecule (panel C)

| C
us # oyl o vl 4 2w
[Val 96 161]Gly 1 149 139
Ala 97 92| 127lLeu2 | -74| 132 -65| 145
Pro 98 57| -20|Pro3 | -71| 42| -85/ -20|
[Giuss &7 2lLys4 | 38| 45| 51| 65
[Giu1o0] 127 21jGlus | -74| -32] 7o) -28

143]Pro 7 S5l 1 57| &8}

Thr103| -122] 116JAla B8 82|  ap] -153] 161
Ii-u 104] 98] 123]val 9 50| 138] 66| 122
Le

His 101 | -1256] 127)val6 | -103] 119] -125| 85
Pro 102 59|

u106] -109] 185|Lew 10| -134] 151| 86| -178|
Thri06 | -122] 152|thr11] -97] 176] 57| 150]
[Gut07| -127] 172|iys 12| -154| 158] -160] -174)

[ala 108 £5] 182 13| -68] 136] -140] 154]
[Pro1os| -38] -SslLys14] 9] 68| 80| 67
Leu 110] -119 lLeu1s] 27| -93] 65| -107
Arg 177 Lys 16| -159] -160] -145] 137
Asn 162 Ser 17| 176] 78] 160] 83|
Glu 276 -35|Glu 18] -115] -166] -97| 146)

Thr 2771 -71] -38|Leuis| &4 82| 80| 130
[The 278 | 52| -46|valz0 | -37] -55] -1 -s-tI
Tyr 279 | 68| A5|Alaz2i| 48] 57| 51| 53]
Asn 280| -64| -3Z|Asn 22| -62| 45| 58] -S4
Ser281| 859] 4s|Gly23| 41| 48| -52| -43]

ile 282 53] A6|valz4| -83] -30] 62| -51)
Met 283] 77
Lys 284 | -100

11|Thr 26| -73] -25] -169] -8

SjLeu 26| 57| -54] 57| -48
Cys 285| -96| 168|Pro27| -70 -i‘ml 0| -170
Asp 288| 52| 145|Ala28 | 52| 135| -66| -179)

e 287 58| 44|ciyze| e8] 43| -63] -60)
sp 288] 68| -27|Glu30| 57 -25 52| 53}

lie 289 0] -i1|Met31] -87] -2| 49| -28
290 63 -27jArg32| -67| 59| -51| -38
Lys 291 58| 29)Lys 33] 47| 45| -65| 49
|Asp 292] 68 pid| 51| -B4] -T2] -35
lLewzoa] 53 ai36 | -7a| -35] 57| 50|
Tyr 294 86| -3z2ltyr3e| 57| 44| 53] 42|
Ala 285 90| 14jval 37| 68| 61| -64] -10|
Asn 296] -148] 66|Glu 38| 73| 56| 17| 68
[Asn 297] 92| 100|Leu3s]| -74] 71| -T1] T1
al 298 58] 435]Tyr40| -70| ®9] -56| 115
Met 299 | -105] 136[Leu 41| 53] 131] -165] 162
ISer300] -145] 158]Gin 42] -154] 170] -144] 166
IGiy 301 [ 11a] 147|His 43| 107] 136] 171] 52
Gly 302 | 52| -a2|leudd| -36| -55 -13) -6S
Thr 303 | 75| -BjThr45| -43] -46)] -41) 42
Thr 304 52| 10jAlad6| -64] -16] -94] 65
Met 306| -87] -i6|Leud7| -50[ 41] -T8| T2
[Tyr308| 47 His48] -78 43




522

__LZ, Siemion

and others

RO £ »
¢ [E
e S PP
St U T0%
*‘d us A N
0 3
%
Gy 1

013

pflap VY
45

s Sl

1997

Figure 2, Mutual spatial ori-
entation of the G-actin frag-
ments constituting the thy-
mopoietin-like motif.

The thick lines correspond to the
elements of peptide backbone.

Figure 3, Conformation of
the thymopoietin resulting
from its insertion into the G-
actin molecule and potential
energy minimisation.




Figure 4. Conformation of
the thymopoietin inserted
into the G-actin molecule af-
ter molecular dynamies si-
mulation procedure.

Figure 5. Conformation of
the isolated thymopoietin
peptide chain after molecu-
lar dynamics simulation pro-
cedure.
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Chou & Fasmun prediction (1978)
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loop

Figure 6. Comparison of conformations of the thymopoietin molecule predicted by Chou & Fasman
program, calculated by Rost & Sander program and derived from the X-ray data of actin molecule.

The boxes on the Figure represent the helical fragments, the zigzag lines — B-structure fragments; iy illustrates
inverse yturn and y shows a y-turn.
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AL 210 -‘Il Figure 7. Hydrophobic
vt core made by the side
chains of hydrophobic
amino acids of two heli-
qu 39 ces predicted by our

model of the thymopoie-
tin conformation.

molecule could strongly reduce its conforma-  DISCUSSION

tional freedom. This assumption is supported

by the molecular dynamics studies per- We compared the computed thymopoietin
formed for isolated thymopoietin, endowed  conformation with that predicted from its
with the conformation shown in Fig. 3. Inthis =~ amino-acid sequence. Such a prediction was
case the result of simulation is a complete  done in 1978 by Chou & Fasman [13]. It
collapse of the initial structure (see Fig. 5). presented, however, only a limited similarity
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to our proposal (see Fig. 6). However, the
localisation of a loop, accompanied by adja-
cent helical fragments, is exactly the same in
both these propositions. The method of pre-
diction published by Rost & Sander [10-12]
gives a result more acceptable from our point
of view,. The prediction anticipates the pres-
ence of two prolonged helical fragments in
the thymopoietin molecule, separated by a
sequence for which a high probability for loop
appearance was predicted. The helical frag-
ments resulting from the prediction coincide
in part with the helical fragments postulated
by us; also our localisation of the loop corre-
sponds very well with the predicted one.
Thus, there is quite a good correspondence
between our model of the thymopoietin con-
formation and its predicted structure.

A very interesting feature of the pattern of
the conformation proposed by us is that the
hydrophobic side chains of Val20 and Val24
of the first helical fragment and Val35 and
Tyr36 of the second helix, as well as Leu39
side chain, are oriented into the internal
space between the interacting helices, form-
ing a kind of hydrophobic core. This situation
is reflected in Fig. 7. The postulated spatial
proximity of the mentioned residues would
enable the examination of our model of thy-
mopoietin conformation by NMR methods.
Such a work is now in progress in our labo-
ratory.
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