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X-ray Crystal Structural Analysis of Spherical Virus
by the Molecular Replacement Averaging

Tomitake TSUKIHARA and Keiichi FUKUYAMA'

Department of Biological Science and Technology, Faculty of Engineering, The University of Tokushima

*Department of Biology, Faculty of Science, Osaka University

The molecular replacement averaging was successfully applied to the crystal structural analysis of
tobacco necrosis virus. This method consists of two procedures to remove errors in the electron
density distribution obtained by experiment; the first step is the solvent flattening (B. Wang, Method
in Enzymology, 115, 90-113 (1985)), the second averaging electron densities at non-crystallo-
graphically equivalent positions.

X-ray diffraction intensities of the spherical virus crystal were collected using a Weissenberg
camera with a large cassette of 430mm radius. The synchrotron radiation source at the Photon
Factory was used. Phase extension was carried out up to 5A starting from 8A. Electron density map at
5A resolution was so clear that main chain folds of the virus subunits were undoubtedly traced in the

map.
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Fig.1 Definition of the polar angeles in the ortho-
gonal coordinate system.
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Fig.2 Stereographic projection of the self-rotation function. The section for
five-fold axis is given. Contours are drawn at equal intervals of five
beginning with five. Rij's indicate types of rotation given in Table 1.
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Fig.3 Orientation and packing of TNV particles in
the cubic cell of P4,32. Particle at the origin
(P1) is related to that at the body center (P2)
by a 4, axis.
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Table 1 Peaks of the rotation function

Rotations* X @ ¢  Heights Weights

Ry 44-48 54-74 45-00 21 single
Ry, - 72:00 31-72 0-00 20 single
R - 72:00 3172 90-00 21 single
Ry o 72:00 58:28 0-00 21 single
Ry, 72:00 58-28 90-00 21 single
R,, 72:00 90-00 31-72 19 single
Ry, 72:00 -90-00 58-28 20 single
Ry, 75-52 54:74 45:00 21 single
RIZ,RZI ' -90:00 000 0:00 50 : double
R, Ry 90-00 ~.90-00 0-00 46 double
Ry5, Ry, 90-00 90-00 90-00 46 double
R, 110-21 45-78 13:28 19 single
R, 110-21 45-78 76:92 20 single
Ry, 110-21 80-52 45-00 20 single
Ry 120-:00 2091 0:00 20 single
Ry 120:00 2091 90-00 21 single
R 1,Ryp 120-00 5474 45-00 46 : double
Ry, 120-00 69-09 0-00 20 single
Ry, 120:00 69-09 - 90-00 20 : single
Ry, 12000 90-00 2091 21 single
Ry, 120-00 90-00 69-09 21 single
R, 138:59 3231 - 45-00 21 single
Ry 138:59 67:79 - 2409 21 single
R, 138-59 67-79 6591 21 o single
Ry, 144-00 31-72 0-00 21 single
Ry, 14400 3172 90-00 21 single
Ry, ©144-00 58-28 0-00 20 single
Rsy 144-00 58:28 90-00 20 ~ single
Ry 144-00 90-00 3172 21 single
Ry 14400 90-00 58:28 21 . single
Ry, | 15476 18-46 45-00 21 single
Ry 154-76 77-06 13-28 21 - single
R - 154:76 77-06 76:72 21 single
Ry 16448 5474 4500 20  single
RiRx 18000 0-00 0-00 50 double
Ry 180-00 36-00 3117220 single
Ry 180-00 36:00 5828 20 single
Ri3,Ry, 180-00 4500 0-00 45 double
R, Ry 180-00 45-00 9000 46 double
Ry - 180-00 60-00 2091 21 ; single
Ry 180-00 60-00 69-09 21 single
Ry 180-00 72:00 3172 21 single
Ry, 180-00 - 72:00 58:28 21 single
Ryi,Ry, 180-00 90-00 0-00 50 double
Rl |,R22 180'00 90'00 : 45'00 50 f doublc
RiRy 180-00 90-00 90-00 50 double

*R; represents a rotational symmetry element within each individual
particle and Ry relates the two individual particles (P; and P)) in a similar
manner.
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Fig.4

(a) The presumed local three fold axis (A)
is the normal of the equilateral triangle of
ABC at its center. (b) R-factor map for the
section Z=129.6A. Contours are drawn at an
equal interval. The values at Q(-15.0, 14.1)
is the minimum in this section.
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surface.
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Fig.6 Stereographic projection of the cross-
rotation function at the section x=120°.
Significantly high peaks were appeared at
almost the same position as those of the
self-rotation function.

7. HFEBRFHE

DB & 2 AFEOREE L DRI
Bricogne® DX ITKDH B I ENTE %, ZDH
B3, LIBIER LAY OfEREERIT CEA S 1
FoBIR 7 — ) kLT A SEHE LY TV (B
7o BIRT =Y TEETIRE SN WIRETFEER
D SRTONBEARET 5, RFHEIEEEPHES
OHERE L RRTFOBEBFHEDOHERMEICEOINT
BTHNOBTHEEDHEEILT 5, COBETHE
Mo SEEERTEHE LT, £ OAMEA & For
SN RBFEREAZHET 5, INoDBEZME
DELUTHELRITIE S, —/, D FERYEE
TS & NI HIIE T H R 1 2 IR R ERI R
R - TP T 5, JOFHINBTEE
SIEH CHEERTAFTE LT, ZDAHHA & Fo
L HBTEEARKD, ROYA 7 IVICA 5,
RIS TRETOETHE OHGRM &S &
OB IZ & BHFIZITIE > TEBFEED MDA

43

ZHDBRC DK LT, %A TIEIHS RFERIETR
2K BHHNC & » THEEAMDOEEZWD IR,
MEFENVCRS PR E VA B,

TNV QAHOEFLTIER8IZRT &L 9T, L
IR SHIRIE IS 2 C Wang® OISO
BT HEEDOREDREZMAHIAATIT> 72, 20D
2T OREZ[LWEKRTOSFEHRTSHEIC L S
PHEOEFLE WD, ThEDFRFEIR>VT
DUFELC R B,

Molecular Envelope DR TIE & 9" Wang? |2
ko THZ oK - CEFEEAF O
295, 7 Uy NjOBIEINICETERE

o i=KIwp, (3)

THA NG, - I TKIMIEOREERT, o
37y NiDIDBEFHETH S, BH W ITD
WTWE Y v Nid jOREEE ;036 2 —E DR,
LN HD0 D IED & =T

—1~rij/r0 (4)

THh, DL ExFIw=0TdH%, TNVDEAN
LSADEI TR RA ISAICERE L, 250U T
BoONINIBETEREOEGVADS0% DT ) v
NADFeRl & Ul fEERIC & » THRIEOEHEHR
DRI B D TR %L DR THEA 5| < MFE T
Lo TR 5,

o - Filter & Wang? D HEIZ L » TIT» 72, W&
VIORT» TTRH EOEFEEEE LT 57
DO—TEME 0, 2 IR L7t > THRD 72,

(0 + <05 >) /(0 +Omax) =S (%)
T E T < P > EITCDE TR T DIEHBOE T
FEDINE, 0 max 1D TR DEFHR DA
1, SIFREANI/ X5 A —F —THfRREPIERT
®mﬁ@%au@@¢5”o:: 12S130.3 &



44

F o, a initial
p initial
©

1

p average

-

F, a.

MEHE HEEEHE1S  (19934F)

F,

s a initial

1

p initial

1

0 igeal

. |
F, a., w

’

Fig.7 The molecular replacement averaging (leff) and the sequential
Fourier approximation (right) are schematically shown. In the former
errors in intial electron density are removed by averaging with
non-crystallographic symmetries. In the latter those are done by
structural restraints such as bond distances and angles.

Electron Density Map
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Calculating Structure Factor

Fig.8 Whole procedures of the molecular replace-
ment averaging. Errors in electron density
are reduced by the solvent flattening and the
averaging.
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Fig.9 An electron density section at the middle of TNV particle. Coat
proteins with high electron density surround RNA with low electron
density because of disordered structure inside the particle. The size

of square box is 338A.
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Fig.10 Superposition of electron density cages and Fig.11 Superposition of electron density cages and
an a-helical structure. a B-structure.

Fig.12 TNV structure viewed along a five-fold axis Fig.13 Structure of the subunit C is illustrated with
is drawn with 90 subunits. main chain atoms. The ordered part con-

sisting of 210 residues is shown by heavy

lines and a hypothetical structure of the

disordered part of 65 residues by thin lines.
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