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Fig.1 The geometry diagram of helical assembly (A) The discrete geometry diagram of helica assembly.
Every blue bal is the basic asymmetric unit, the blue curve means the motion path of the blue ball. P represents
the distance of one pitch. (B) r denotes the radius, Ag is the rotation angle around the z axis according to
clockwise of postive direction of the z axis. Az is the trandation distance along the z axis. There are exactly 5
subunits among one pitch for this modeling helical assembly. The z axis is usudly the helica axis in the helical
assemblies structure study field
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Fig.2 The relationship between the plane lattice and the helical lattice (A) The diagram of the plane
lattice. The black double arrow denotes the circular-vector. The two green broken lines are vertica to the black
circular-vector. (B) The diagram of the helica latticee The helicd assembly is formed by rolling up the plane
lattice with the two green broken lines and the two points (0,0) and (7,0) coincided with each other. The
direction along the broken green line is the helicd axis direction. (C) The Fourier transform of plane lattice
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Fig.4 The relationship between the plane projection of the three dimension object, the Fourier transform
of the plane projection and the modeling three dimension object and its Fourier transform (A) The
projection of helica assembly with start number 1. (B) The two dimension Fourier transform of projection.
(C) The modeling three dimension helicd assembly with start number 1. (D) The Fourier transform of three
dimension hdical assembly. The cross section aong the Z-O-Y plane in the Fourier space is the Fourier transform
of projection dong the x axis of Fig.C. Here, the axes direction for x-y-z coordinates in real space are consistent
with that of X-Y-Z coordinates in Fourier space

(A) o (®) . ©) o .
L] [ ] o e
. . .
\/: ° . .
2 b . )
b ° . .
(D) ® ®
° Y L ] [ ]
° ® )
° . .
. °
. N . .

5 UZFESPERY Fourier 23 (A) % a BB — AW R AL O (K I 00 T 1) —4EBOE B (B) R FERLELN 2
[F] — AN Wi 2EL 2B AR T AT 11— 58 B (O) i sl BB — AN IR R AL AT B3, R BRI 2 R A
JFEB AL (D) £UBE A M) Fourier 84 (E) £(FE B 1) Fourier 484 ; (F) riFE C 1Y Fourier 484, %152
FourierZZ 4 D 15 E [ in Al

Fig.5 Fourier transform of helical lattice (A) The modeling far side projection latice of helical assembly.
(B) The modding near side projection lattice of hedica assembly. (C) The projection of helica assembly with the
projection from both far sde and near sde, C is the sum of A and B. (D) The Fourier transform of Lattice A.
(E) The Fourier transform of Lattice B. (F) The Fourier transform of Lattice C, it is exactly the sum of Fourier
transform D and E
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Abstract: The cryo-electron microscopy reconstruction technique has been developed rapidly in recent years
and becoming an important approach for structural studies of macromolecular complexes, and it includes
three different methods, cryo-electron tomography, electron crystallography, and single particle analysis (SPA).
Among them, the SPA technique is now becoming a powerful tool to determine near-atomic resolution
structures of macromolecular complexes. However, for those biological macromolecular assemblies with
helical symmetry, such as tobacco mosaic virus (TMV), microtubules, microfilament, human immunodeficiency
virus 1 capsid protein and etc., it is not easy to obtain their three dimensional structures by using SPA
because there are lots of math to deal with. In this paper, the authors described the helical reconstruction
technique in details, including the basic mathematical description of helical assemblies, helical diffraction and
its indexing, the relationship between Fourier transform of helical points array and that of real helical
assemblies, and how to determine the helical parameters. Based on the above introduction, the authors
reviewed two main helical reconstruction algorithms, the Fourier-Bessel reconstruction and the iterative helical
real space reconstruction (IHRSR). At the end, they selected the helical assembly of Par-3 NTD (Par3 is a
kind of protein related to cell polarity control and Par-3 NTD is its N-terminal domain) as an example to
show a detailed helical reconstruction protocol using IHRSR algorithm.

Key Words: Helical assemblies; Cryo-electron microscopy; Three dimensional reconstruction; Fourier-Bessel
transform; lterative helical real space reconstruction
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