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Abstract

The study of high-resolution three-dimensional macromolecule structure plays an im-
portant role in the analysis of the function and metabolic pathways. Many macromolecule
structures can be obtained by cryo-EM density maps. But high-resolution three-dimensional
structures are still difficult to achieve. On the other hand, The individual components of
macromolecules can be obtained by crystallization, NMR, or protein structure comparison.
How to properly fit these high-resolution components into macromolecules is a very compli-
cated problem. This problem can be described as image processing problem. In the process
of assembly of biological macromolecules, The feature points method is used by most re-
searchers. The existing research methods are always based on the feature points within the
geometry, In this paper, we propose a new method which uses the Gaussian curvature of the
geometric surface and the optimizing model. Numerical experiments show that our method

is effective.

Keywords: cryo-EM; Gaussian curvature; feature points; biomacromolecules assemly;

Optimization model
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2. BrRBUIRFNERNIA

Wriggers?0) 25 A F 1999 45 5% K T 858 70 P Ak 2 40L& BB 20 1% 5% el B 5 1l 11
Situs &4, Wriggers {77 53T M & RILA 73, B & & 75 % R LA TR
FABMRR SR ERNEE, Rt Z RS PERNE A REE . 2 EHRE
RAVEEOR B, Grigore 2 A P F 2010 43R A 43 /KIE FI R BEZS RIE WA 78k (watershed
and scale-space filtering). AAI A EARTT T B 58 437K 757 3600 84 B B Rt 47 0, AR
J& PR 23 AL DUk M b AT 04l RIS — A R 21 - . Hugo %A 22 %A
TREW T, (HRAZEZ RBISANE AR (BF LL5H) ZpEERR. 2015 4, ji—
NYRIFTLALE science b R0 2324 204 SCHGE T 1 R P BTE AR T i £ BY 42
PRIEJEF 7 FR R =2 850, IF B8 M BEAT T34 204, MR T BY B4 A4 (5 i RNA
PATBIE AL, 2016 4, WA AL B KMHTH HIV GENEE 0 =R 444 T AR IRE
THRE PR 2. FRERAE 2016 4F, BFFT A GBS IR T AW S PR
Zjn:m [26]_
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5 LT A B B S R AR A R A SRR T . 2. IR B REE L
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TR F A LA 1) FRERL S R, KR & #H S 2R E S 58 ARG —
FhEE T8 SR T = A R 5 R 5 A AT SURFAE A R AE AU B R A B A — A Dot
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5'554] [32]'

TG R LA B R 2 i S AR R S —. iR e X
R, T S BER— A o(u,v) MYIFE B g L —A R AR W, $R2Z A Weingarten 254,
15

W(xy) = —ny, W(xy) = —ny,
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W(t) = —an, — bn,.
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3.1. HERTALIE
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G(xvy) =
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AR B ThG A SR P AR R R AT B 22 2 [34,35,36]

Ko(p) = 22 (3.2)
HHAER]
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n; €N (3.7)
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ME—. BAPHE ST FE—ATURE 7™ PR DT R, RS — K 7
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HEA ST KRN, TP BEA TP MR BOEREINS s fil ¢ VUL SILK
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[/ Hbre b, R R—A> 3 x 3 KRB, T 2 FBR&E [37). si; 2ACAR.

min Y Y s | Xi = R(Y; - T)[? (3.12)
i=1 j=1
st Y si;<1 for j=1,...,n,, (3.13)
=1
Yosig <1 for j=1,....n,, (3.14)
=1
Si,j € {0, 1} (315)
EXX MY A
X=. ZnZX- (3.16)
- n =1 " .
V= ZnZY- (3.17)
B n =1 " .

EARK (3.12) B, T =Y — R'X. AR R ATLAFIRBLA ¢, 0 Al 1%, FoRin T

R=| —sinYcos¢ —cosfsingcosty —sini)sing + cosbcospcosy cospsinb

sin @ sin ¢ —sinf cos ¢ cos 6
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T e % A0 e AR e PERHAE X ARG, e SCHR [39] FRATTRT BAE i 2 F 3Rk =X U e S5
§&m G X

g:smgsm‘/’;“b, (3.19)
n = sin 5 cos 4 ; ¢, (3.20)
¢ :cosisinwgd), (3.21)
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& SN T =R C:

C=> (X;-X)(¥i-Y)". (3.25)

Hir2 i/ MU EARR . X2 A& R A ¢ AF BARR Bus . i S & i -5
APARE] (&0, ¢ x)" RHPE P A RASFALE RRAE R R, X B p 2 4 x 4 BT RRAFED T

—Ch11 + Cay — C33 —Ch12 — Cy —Ca3 — Cs Ci3 — C3
p_ —C12 — Coyy C11 — Ca — U3 Ci3 + C3 Caz — Cs32 (3.26)
—Ca3 — C32 Ci3+ C31 —C11 — Caa + Cs3 Cr2 — C21
Ci3 — C3 Caz — Cs Ci2 — Cx C11 + Oz + C33
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3.8. BEHARMALER
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