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A data hiding scheme based on RNA secondary structure
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Abstract ; Using nucleotide as medium,a new method for data hiding in secondary structure of RNA was
proposed to protect the security of secret messages. Firstly the secret message was encoded into a RNA se-
quence ,which was then embedded in reference RNA sequence. With the free energy as constraint condi-
tion , the position information could be got by prediction software RNA structure. After receiving the refer-
ence sequence and position information, the intended recipient recovered the secret information through
prediction software and constraint restoration. The simulation results showed that the data hiding scheme
had high stability and security. It could be used in secret communication.

Key words :date hiding scheme ;secondary structure of RNA ;nucleotide sequence ;safety analysis

0 7= 17— AE BV e, L QR B 55 15 5 19 R IRE £ 8
H PULIACLAD 5 107 £ 5 BRI A Bl 2 £ B i A 21 0
RS A RGAE I E B R G (ER, PRl A B A0 % i ok A% 25 Kt i £
SR Z 2, X FE R L2 &2 B BARER A Bk . IR A5 B OB A Ok
FE| N AP SCTE BT PR S R IE U A PR M s B B O I AR R BT T . £ L RO
PG A, VP MOCEORAR AR B, i fF Bk FBIA AR 15 T LURDR AL IR 5 B AT AT 40 i,
PR ROAESE. b I SO R B 5 Bt JHRYER A SO LI, A L R A = e IR

s HHF:2013 =11 - 15

ELWH: BR A AXA%L4 5 8 (61070238, 61272022, U1304620 ) ; T B A s 5 a7 L 3 KA L+ % A B
(122300413211,132300410183 ) ; 7 g 4 61 #7 B AT A AR 3% A2 Z R B (124200510017 ) 5 %6 1 7 A A A AR 2 3% i
X (FHHARE A ) TR (131PLIRCO48) 5 7Ty 4 # F /T AHFBASRL E 5T B (13A413371)

EBE R4 (1981—) , B, Wd B M BA AN BT L FRRa| 4%, i+, TR F @ b % s AL

BEEEAALRB(I957—), B, THEETEAFNB I LRI G, E2HR TN AN LR 8L 4.



22 BMBEILZRZHR(BARMFMW)

2014 4

AU BT L BRI 3, IR A 5 4
HAAE Bl R — 28 Ak, Ko 7y T RE Sl i — 2B 1F
54 P L] 2 480 R B A RS A U, R R R B B A
S 4 Ak — S B R BB ALV F(E L a4
ARNZ T A=, DNA %5 i H AR JE APl DNA 353078 2L
ORI A5 B4 4 10 B T 78 SR, £ 45 DNA i
DNA F25F1 DNA AJIE 3 M58 07 1a]. Hirp  DNA [
B RAi g ik 2 7 — 2R, AT LAY
BE2F A3 AE 2 s A S U N AR 1 HL
AT DARHCSCE J 8 AT 5 AR 38R L Aer it o
T DNA (1915 2 B 5 e (.

BRI RW] R (RNA) AR 238 TF
SRR, — 2 8 O AR R 5 | A IS B R
G IR T ST AE BRI S . 1999
4F A, Gehani 257 3L DNA 18 JFUE 45 1 7 DNA
AT I RBR S W 7, IF A B AU T A
B 55 128 4V 5 [F)4F, C. T Clelland 25 gl 4 {55
B “June 6 invasion ; Normandy” 25 3] DNA f &+,
ST T AR RS s SR A T %
DNA {55 B S  10 1 42 4, 1 HE 438 o £ 28 1 11
J714:32000 4F, A. Leier %" $5 H—Fih Fll 5| W/ ok 2
MRS DNA JF 51 1 25 5 J7 42 ;2004 4, s g
P PR T R F E 4 DNA HOR IS RS, 7%
B 1B i A 1 52007 4F M. Sarb 251 $EH T
2 BT DNA B5 SRR i , i TR I E 41 DNA
FAR TN DNA SABF AN AF B DNA B A 25—~
DNA 5, BB SR A 5.

BETHEWEARMRE 7R — WG58
PRAEAE S0 2 58 i, A B v HLABIN . R ¥ 9 AN
I REZE AN A5 8, T H B A ME—k, A 2=
P — e g A AL R T RN A R B I 1 L R
2, B RLGE s B s2 B, 2002 4E, B. Shimanovsky
xR R TU A D T/ mRNA T IAE  9F
&t R g i AT 15 B A B B S Jr 1255 2005

HH ¢ i
wfEs sorsl|

A BB A R T SR £ B AT T P A
W —4E DNA J# 51, P8R 2% {5 18 BaURE 76 25/ DNA
JEH (5 SR BB 122 52010 4F HL J. Shiu 2517 $1
T 3 ML T DNA 330 1) n] 3 B Beoit iy %€, 49 )
SR A EAMEC G I AN B, B R T R A
PEHE 1 5% DNA S5 T3 51 R Bl % 5 2.5 2011 4,
H. Mousa %" 5% F T 596 19 6F LU It 36T 4 AN ik 25 (5
SR E] DNA JPH) v FF ok &2 A {5 8. A
TR B I AR, B A B LR
T gy i N AE S g 5 B N F A5 8 i AL 2012
4F,C. Guo % R T —FP 2L T DNA 551 (915 B
RO T 28, 7 2 AR5 A S L A B R R DU 2 [) 2 7
1A BRI SRE 4 OG22, DT A S0 2 AT 2% 15 B AL
BN 1 ADF0F, iR A B GRS B B4 5 ]
4F,J.S. Taur 250 5 0 T —Fh kot A O R B
R RO T R TR RE. B, AR EOR ) DNA 1
TEAR BBk G0 1 B 4515 8 2 s ok T 9
HIFRERFIALIE , T DNA F2E 4E S DNA %584 1) — 1>
93 3L , IE AR 15 ok e E 2

RNA 5 DNA 4, {5 34 HA R i P o, et
7 LA RNA P81 R AR 1 5 B Rt A S X
ASCINZE A A W2 R R RNA g5 4 5, 42 s —Fh
T RNA A5 HE B RO 28, I T4
S PERICR B R AR = 1) RIS 38 M5 R GE I, RE g 5L
PRSI A% 356 LA K s 6T a5 (R 85 s 5 .

I WS

T RNA “ 454 1015 SRORTT %6 1 2404
ST B ROMIZ MO $R 3 2 38 KOs 56 ) i A
W 1 7R« AR O Se ik l— 2275 RNA P4,
PR i R RNA 751 (4950 2% 45 S REDLIR A B =%
RNA P8, SR 5 1245 RE BB L T 32 1y 5 A
RN T B A A AR ISR T E S
BRI, o R ) S B AR B AR 45 W7

v [ oy
: =T R A i
L

L = E [ N
Eys8it ol y R NG
o : [—: Pl Sy
pr ik %}IT‘??U ' g hE rﬂ%li;_l
Gy l B : N
RNA A y : : RNA i
F51) i % F# 1) i3
L 1 | E—

......................

......................

1 AFRNA LMY ELEBRARTEAELE



14

KA, % — T RNA RN EERET % -3

PO #7590 AL AR S G 84 24 i A
MR RS E B X FIZ RS, %E
SRIA B SC, Kk 1 51 B A 2 S, T A R R
T R A 0 2% A B A 25 4.
1.1 BRI

1) AT HAME . R 3% A2 IOWUT F /8 29 8 RNA
TREE RTINS BT AR AT LA B
AR E A C WS WM, AR KRR
FE FRES TR R RESE. Pk N, AR A
S AH P22 5, BUNZS B S AF. BaT, & e
Pt RNA Z 0 E5H6 R « Circles 2T LLE Y
J5 AT RNA S5 F (W3R, I LhAn s X
TN — R 4544 ; RNAfold W] Fi RNA 4 /N H HH
AE 2451, I 45 3 BI&; pknotsRG & AT DL T £,
FEBAHZE 5 H 76 N 1 RNA 20 45 44 3K {4 ; MFOLD
JEHET Zuker /N H HRE T LT R RNA 490 25
P TR , BE TN 5 &2 7% RNA Bl #4E DNA 4y F
() Fe UL AR — 54, BRAE R 550 Unix F- 55
RNAstructure SRR 5447 % e /N B B e B & 1Y
A, 2 Zuker LR R TE , A RAELE Windows |-
HEAT 5 LA, B RTAR 22 )7 8 25 A 1 o3 A 1R 3
T RNA — G554 53 M1 it %5, 1 DNS-star, DNASIS,
CLC Main Workbench £%&. 7% 3% ] RNAstructure £
TR, B R REVE A 2R A

2) %ifith. RNA 435 DNA ZpFAEH AL, 42
t 4 MR/ TR REY, BN A I
s A,C,G UL A4, RNA F]46 75 Al L3RR 8
fFEEQ=1A,C,G, Ul LIFESFR. 5 RNA 401
Wit B &, e A U, G R C Z (a5 5 BL
XF T8 R 22 i UBR e X B Oy RNA (1) 4514
AT BAREE R BL T, RNA AL 5 6 FhILAR 1 — 2%
ZEpgsRt g 2 B %F RNA #3515 DNA ¥
WAL, BT LA H FH B9 DNA ¥ 3 g i J5 15 %F RNA 7
FA [ P Bk DL 7 B g 0 XA ) 4
17 R = 156 A 4 15 7 =X, W& T AR €(00) , U
(01) ,AC10) FIG(11) Xf 4 PG EEH AT Hifi , X Iy
AT 2 FRb S5, i HL B AN B 2 FAE A
B A5 30 =k gt 7 2 3 M IR
FOR 1AFRF, BT i S a8 W RE I Zhengzhou
VERAE I B S, o 30 =0 44 (n ASCIT i
o T HL) AT 46 S — 3 ¥ %1 : 01011010 01101000
01100101 01101110 01100111 01111010 01101000
01101111 01110101, 3R b — ik il g b 7 =048 —
PE 4 FE 51 i e  RNA 31 : UUAA UAAC UAUU

121328

RII - HNIH 2R C C ¢ RuPEEX

B2 RNA =484 ¥k 0] g

UAGA UAUG UGAA UAAC UAGG UGUU.

3) WIVER SCUTF A K3k 7 N2 E R R 4 1
HkI— 2522 RNA [3750) B nh J5 104 57 41 Bt
LM A S % 1751, B4 2] % SO 51, SR 5 DLA TF
T R IELGHMOTT . T2 8 0390 TR0 5 SCF 51 i)
TREE A FAF DLHL T B M, S G i R B X
BRI (25) RIEFR (IR EK IR\ 253 300 R
Uiy B X, ¢ B A Ok S B A 43 R R 1Y
5 AT DA s WA SC R FE A B AR S B R AR L
EAGBMZS% RNA JPH LR g Rk a0
21 B2 % ¥ 4] GCCUAACGUUACGUAAGGCU-
CAUGGUCA B 4t J5 1) %% SCHE ML A S AT 457 51
GUUACAUAACCUAUAAUCGUUAUUGAUAACUGGU
AUGAAUAGAACUAGCGUGCUGAUGGUUUCA.

TEHL RNAstructure 1 4 #0051, % & A ] £
FORAT BIASTR] E Hh RE I, 285 SO 3 B — e 25 #
SN N 3 s ARk A H B EE - 9. 6 kJ/mol
R E S VAR — R 2544 3 2 S B A
BJE D, (2-3)B,(1)D,(24)B,(1)D,(1)I,(1-2)D,
(2)H,(1-3)D,(24)1,(4)D;(1)D,(34)D, (1-3)
D5 (1-5)H,(3.5.7-8) Dy (4-5) . fcJ5 4% 307 51 A
A B AG BAR L O BT
1.2 REULHE

P 1 AT RGP e R i P il it 2 < 5
1L TR A BN SO R A B O,
HLF 2 B

1) 53 B SO 4. 2380 H2 M50 SO 51 s
B E G, 258 0 W00 A 0 2% A AT 4 B, A
T REER PR A IS 1) B SCF 8. X SO
GUUACAUAACCUAUAAUCGUUAUUGAUAACUGGU
AUGAAUAGAACUAGCGUGCUGAUGGUUUCA , $2 B
sk 1Y 41 & UUAA UAAC UAUU UAGA UAUG
UGAA UAAC UAGG UGUU.

2) fifhish. AR gy R e PR A TR 1 4R



-4 BMBEILZRZHR(BARMFMW)

2014 4

SBCH P 370 i g e — 3 ) e 1), S T e Ay B S R
2% % UUAA UAAC UAUU UAGA UAUG UGAA
UAAC UAGG UGUU f#AY Ji5 0] 45 B 3¢ Zhengzhou. [F]
B, U AT RLid I 2% RNA 750 % BB /) B SC
BEATIAIE , B DR AR IS B IE# M. 1 4 J2 L) Zheng-
zhou Sy i 45 S FERCFN 7 B S I e
2 et

TEZ BRI RT 58 v, S5 IR B2 3t B IR 2
2 B AR R T Ry AN ATTAR ME 23 B L0 A R 5 97
(AR, DRI R T AR R I AR Ry AR AS i 2 400
WS H R BN . 22 RNA JF50) 0] LAk H 2 3E 5
DRUBSCH 126, 5 PRS2 LRk DR R0 P v Ay R R R
BIRIFH), BAZRR T ) B4 5t 0 0 K B3R
AT LA IR R e 47) 11 vy il AL A Ok I B 2% £ S T
NGB Ty B R, ST RNA 925 115
SR S B AT B IR A BT, X —E R B
STV e iR
2.1 EMEERS

SCHRL 15,17 ] v #4428 ) 5L 7 DNA 551 19 15 5,

BB PR b« A8 B (F R A B 5 B DNA ¢
FIREIRTE) | G028 (45 3R U 506 204K DNA 751
B 22 DNA 381 J5 AR 1 P 90 ) L LA (48
PB4 T B R 14 B £ S L B B A A )
ZIEN SRR RIS ] TR 81, A LS B R Y
F S MR B n, WSO A MR EE Ry m, I 1T R
TASCRROT 58 5 3CHR 1T ] 5 ik r b, Hep e
AL SR b IR B K AT IR

MFE 1 ATLAE T RNA 20 4540 (1 By
FPERESSCHRL 17 ol AT IEVERER 24, (HI% T &
A FH 2 R M A A B RN 4 A R, 3 1
U MERE | FH LU T 5 A S8 4 1) B P 22 e, 2
— 5 B RRCE 7 15, oA B R0 — 25 i ek A
SEH
2.2 BAUEtERES R

FET RNA 454 1015 S ROROT 56 -5 % AL
ST R , BR 2T RO G 5 AR R LA, i
TR T~ R RNA G045 0 T 5 1
RSB B 04 B S B TR I, 2% BeU 7 58 4 il
SR> TR SR SR S A RNA

—U
UA \U\ 30
‘u ~G' 'G~A'Uﬁ —A \C/
/Sl e N
201 /2 U
G«
\ ¢ 'G
U Co,
Ny —U“-C U
A N\ A 40
/ A [

N e
U\U‘G ' \U
/5 !
A S,
ey 60 G c
a) HHHEHN-9.6 k/mol ~y~-
/U_A §U\G
30 Y Sa "
Ne \
/ U\
G
20 AT f &
U U-A (l}
U~
A7 " TCgoy-UA /: :I I
A [ B P Y A
\ Cc-A -A-U \ / G 50
U, C,\ \A —¢ U é—C_UIA/ \C\G/
A —U~ I \
10 \ U,/U,G d [{
G 0 Y g
C/ AY C
S ~G-U”

b)H i HE 4.7 kI/mol

B3 RE B WAL 2R 2 A R



51 KA, & —FET RNA —REEMWERRETF ©5
b % . GCCUAACGU
Ab 01011010 01101000 01100101 JWH, UUAA UAACUAUU SCCUAACG
Zhengzhou === 01101110 01100111 01111010 ~<@w=r=r UAGA UAUG UGAA UACGUAAGG
01101000 01101111 01110101  fi#fy UAACUAGG UGUU CUCAUGGUCA
‘ B
| yirn
D,(2-3) B, (1) D, (2-4) i & J‘W“'J GUUACAUAACCUAUAAU
B, (1)D, (1)1, (1=2) D, (2) 7 CGUUAUUGAUAACUGG
H, (1-3)D, (2-4) T, (4) D, (1) =w=w—p RNA TN e, » UAUGAAUAGAACUAGC
D, (3-4) D, (1-3) D, (1-5) GUGCUGAUGGUUUCA
H, (3.5, 7-8) D, (4-5)
B 4 A Zhengzhou Fy ) 6943 8 14 i A= 13 B4R T A2
A1 M 48iFaR
: e - — T 34
WiRis He Ui H R E
IMI | M| M 27
A 1SI+ 1M1/ 2 IS1+ M/ =
=
, IMI
g [ o S 0
HANT IS+ IMI(E+3.5) IMI(k+3.5) ST+ 1MI(k+3.3) 3566(;
iy /./ 0 /\g&\
Bl N 0 il /“A&(% 20 e (R
S /4%7\}%?) ﬁé%‘{\;\
IMI IMI IMI
Al 1S|+om ML M
- 2 2 ISI +1M1/2 B5 AT RNA 28 2 #)oh sk il A % vh 4%

FE9, b 2 i I 1y 91 BB AL RS 22 225 7 91, )
PRI ERA 4R AL A5 S, S5 B0 P I e k. 152 G )
JE ISR I m A, 2% RNA JP A4 n A, %
SCUFAN R m o+ n 5. By 7 45 R W SO b 2%
JELLT L |5, BN & SOF 8 & C,U,A,G
X 4 Fog EEREALHES I R, BT L5 2% SCF 81
MR (47 7 R B SO P H i A 5 B A S
TG 2 T, m Mn NHEEC T =m+n -
1Fp, B LSRG 2] m M on (HBERIE (m + 0 -
1) ™' PN, Mty e i e B AL 2 A BN S % R 4 1Y
B2 S AT T 0 % 15 B BAR AL & T AL %15 2

REBAT Y €7 = 2% — 1 R g R R

{5 BB MR (2" - 1) 75 gedh, kil 4w i 41
WA 41 = 24 Fh St Iy s g 210 W1 SO Rt 02
(4" ' x (m+n-1)"x(2"-1)" x(24)7". K
T WS ZE 7], {5 ] Matlab #047E 2. 90 GHz,
Intel (R) Pentium(R) CPU,3.38 G NAFHI 1 G i
BRI 22 T i AR A R I AR an sl S T
. Bl gl e 15 B B IS RNA PO 1Y
B B AR SRR R EE R de] O, Mok
LTI At BH SRR )N
XFF E BBt KU, R T 5 B B A Bk
P, B Dy AR ARSI 2 A % A5 S N B i A
B TR R MG, Bl RS HNE 2 8 )
ARG DL T ARME Y 15 T4 8 5k LA K 3% 7 1 44

SCHEFT R AT, A BT R WO ] DL I S5
AT IEA B 1% B ol DI, % B0l LLA R

Xt Esh Bk FE S G

3 leb

ARLLIMERR TP 8, $ T — ik T RNA
e SEDEEYSY Y Wi N D LN B (L
2 RNA F7 31 1 B SC i A 21 2% RNA 2591, SR )5
I A RNAstructrue RN E AR S, X L6 15
ER%’%LLLFGJE&%H%%@ BT AN

S AT LS. P LA TT S8 B O HREE
&Hf\i{ﬁffﬁmﬁ,TT“Fﬁ?Xﬁcé RRIEVES BN
AR s A BN TE {5 2R G, S8 DS A% 138 A K b i
R St 2 VE o A W AR W% T A B 1 2
SRR A

IR KT IR RV V209 TARA 15
PE—L TV, WA 5C BOE L Al 19 20 Mt 55 3 57 i
HIEHIILAL A B TS S35, UAT IR
P50 {5 LR BIF 78 AR 2 T A W B 19, 2
THEHAVSIPETERAR D, NI T8 A R
B By S HAT B IS T SCORI FH R

SE Ak

[1] Tseng H W, Hsieh C P. Prediction-based reversible data
hiding[ J ]. Information Sciences,2009,179 (14) :2460.
[2] Chang C C,Wu W C,Chen Y H. Joint coding and embed-



BMBEILZRZHR(BARMFMW)

2014 4

(3]

(4]

[5]

(6]

(7]

(8]

(9]

(10]

ding techniques for multimedia images [ J |. Information
Sciences,2008 ,178 (18) :3543.

Huang C H, Wu J L. Fidelity-guaranteed robustness en-
hancement of blind-detection watermarking schemes[ J].

Information Sciences,2009,179(6) :791.

Rama K, Thilagam K, Jeevarathinam A, et al. Survey and
analysis of 3D steganography|[ J ]. International Journal of
Engineering Science and Technology ( IJEST), 2011, 3
(1) :638.

Gehani A, LaBean T, Reif J. DNA-based cyrptography
[C]//5th DIMACS Workshop on DNA Based Computers,
MIT : American Mathematical Society,1999.

Clelland C T,Risca V,Bancroft C. Hiding messages in DNA
microdots[ J]. Nature,1999 ,399 (6736) ;533.

PR, ERY, &%, % DNA ERRE T 2N £ 2
MR ERETE]]. BRE TRERAFFR:
H 4R 5 R ,2006,33(3) ;448.

Leier A, Richter C, Banzhaf W, et al. Cryptography with
DNA binary strands[ J]. Biosystems,2000,57(1) :13.
YRR, —FETEL DNA KAy B 7 £[J]. &
F#4R,2004,32(7) ;1216.

Saeb M, El-Abd E, El-Zanaty M E. On covert data com-
munication channels employing DNA recombinant and
mutagenesis-based steganographic techniques [ C]//Pro-

ceedings of the 2007 Annual International Conference on

(11]

[12]

[14]

(17]

Computer Engineering and Applications, Wisconsin:
World Scientific and Engineering Academy and Society
(WSEAS) ,2007 ;200 —206.

Shimanovsky B, Feng J, Potkonjak M. Hiding data in DNA
[J]. Lecture Notes in Computer Science,2003,2578:373.
AEFE, X, FE AL % DNA AR A 2 B IR
R AR [T]. k2 24 B AR 2 R, 2005,44
(1).13.

Shiu H J,Ng K L, Fang J F, et al. Data hiding methods
based upon DNA sequences [ J ]. Information of Science,
2010,180(11) :2196.

Mousa H,Moustafa K, Abdel-Wahed W et al. Data hiding
based on contrast mapping using DNA medium[ J]. The
International Arab Journal of Information Technology,
2011,8(2) :147.

Guo C, Chang C C, Wang Z H. A new hiding scheme
based on DNA sequence[ J|. International Journal of In-
novative Computing,2012,8(1) :139.

Taur J S,Lin H Y,Lee H L, et al. Data hiding in DNA se-
quences based on table lookup substitution[ J ]. Interna-
tional Journal of Innovative Computing, 2012, 8
(10) :6585.

AR BB RNA Z 45 M B 09 18 ik R b %
[D]. K. k&3 T K ,2008.



%529 % 551 AMEBTULEERZ=HR(B AR FEM) Vol.29 No. 1
2014 42 H JOURNAL OF ZHENGZHOU UNIVERSITY OF LIGHT INDUSTRY ( Natural Science ) Feb. 2014

NEHS 2095 -476X(2014)01 - 0007 - 08

2548 DNA R B AR R 5 BAR 55 ) H

wA, FEAMA, cTHE, F#HH, FhE, Ik
(BB TU¥B S5 RTRER, Wil AM 450002)

WE 428 T 44 DNA 5K R——DNA B 41 DNA 3748 R A= SST B 415 69 BF 5K, 554 5 1)
BT F ARG P FIN DNA S48 R My A DNA 25 #4820 A) B SST A 2035 77 sk ik 3t My ik 4%
LM ALK T A ), #F 24 DNA S KRB AR T RAT 503 e TR A AT 2220 T3 $ £
WA RAE T A K EAREDER ARG o TEARMESF 7 @ R H AR T ERRE
M AR T F B RAMEBHFREEDERE O TIEAMHERMKEFFHR,FREN
DNA 29 RFAR B Kk 64 B 77 6.

F g2 . 254 DNA 23 K3 K ;DNA 2845 ; DNA F7 48 K ;SST A 285

hE 4SS TP309;TP18  XERFREE:A  DOIL:10.3969/j. issn. 2095 —476X. 2014. 01. 002

Research status and application of structural DNA nanotechnology

HUANG Chun, HOU He-wei, YE Meng-meng,
LI Meng-meng, CUI Guang-zhao, WANG Yan-feng
(College of Electric Information Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450002 , China)

Abstract ; Structural DNA nanotechnology was systematic summarized , including the research status of DNA
self-assembly , DNA origami and SST self-assembly. In the design of Zhengzhou University of Light Industry
badge for instance ,DNA origami and SST self-assembly were introduced to devise and establish DNA struc-
tural model of school badge with hollow structure. With this example, structural DNA nanotechnology was
valued and investigated. The main application of the technique was in the aspects of the assembly of guiding
inorganic nanoparticles with precision, the equipment of nano-bio-chip, as well as the combination with
micro-machining technology. In view of this it was proposed that structural DNA nanotechnology would play
a more active role in the application field of nano-electronic circuits and devices , nano-optoelectronics , bio-
sensors of high sensitivity and high specificity , molecular robotics, materials science and nano-medicine
etc. in future development.

Key words : structural DNA nanotechnology ; DNA self-assembly ; DNA origami ; SST self-assembly
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A RN T RE 1 3R A RN 48 K G LA A R Y ot
2t DNA 437 HA7 K i SO e 4544 RIS A 19 B
PUIRE ST, 7454 40 K B AR X — Sl 6 8 Sk A
FERI & 2006 4F, P. W. Rothemund ™' #2147 —Fh 4
By DNA [ 4% J5 :——DNA #748AR ( DNA origi-
mi) , HZ SO F 512 DNA A 435 1) —
fir. A DNA r4CAR 3 R b B 41807 200T DA
1 2 T AT 2 AT ) AT S hk B A R = AR AN K )
FIZEFNZERE , X0 451 DNA GRE AR H & e 2 A B
PR X 0. 2012 4F B, Wei 26177 454 DNA $74¢
AR EAER Tile J 202375 5, 48 4 T Hi4 Tile (sin-
gle-stranded tile,SST) H 41 %& )ik, Fl— &5 W) 54k
DNA Tile Ji§3)) 3 213 1 100 24K % 2 ETE M
S YESEFY S H AT DNA [ 4150 BN R G4 4 T vk
HH I FE R R 11— 2 A AR AR SCHLEE DNA 7 4¢
ARAFNSST [ 224524545 DNA 40 K A (1 e B e o8
HEJR AT A N FH 2R AT 2508, DA S B R 2 I B i
DNA ZKE AR50 H 1.

1 45 DNA GOKFHORWT T IR
1.1 DNA Tile HAEZ%

1982 4F,N. C. Seeman'™ B k3 T i 4
L AMRETEAR S 9 73 3 DNA R — ZER4 51 1) JELAE, 28
E T 4He DNA R EOR” LR, IT] 1 DNA 44
K AR X — B4, 1998 4F, E. Winfree 25 #4551
1 2 HF DNA ZEZER) 3 48, Bl DX RHY, 21 2%

T A4S0 DNA SET MG, i 5T B
(AFM) WEEEN T 13 435 I AE e (LI 1) 3% 2
DNA [ 21 %5 2% B 1% 45 — Yk SEAE ' . 2000 4E, T. H.
LaBean 2" 435 th T JLAP DNA BEE280 3 HEid
R (TX BER) . 2003 4F, H. Yan 251 #y5k H
T 7K DNA H 4l pid (7B, sl 7
DNA Z5#4 5 41 %%.

B 1 DX A # e 554 DNA -Fd W 4%

5 —J7 i, K. Lund 25" F 2005 4F 4
P T 3 x 3 HFIEA BREGH , JEAER O b
PR, 5 FHAREEZAR S, TR 1 TR ) DNA S J.
2006 4, 5. H. Park %511 il vk 52 |- B
BT AR 4 x4 Pk HESh T DNA 3 413454 2
TR AT FHERRE 0 A Ji. JE TR DNA B 43k
Jreitid, K g HLAI ZE 1Y DNA Tile AW 2L, 14 i&
125 A FE R AR BOE 25 W 2 1A 55 (R 7EAG 3
DRI B AR 5 K N, S5 48 %) P 45 PR3 2 O JR 46 )
FOAN KNI K2 Tile F 32 31 PRUE AT 30 8 22 25
& DNA Tile [ 2H 201 Al ik i) [o] . AA1138 V) 2L
SR DNA - F 20 25 S8 A 7 ¥ R i R AT R
FRI AR S5 R A 5 5K
1.2 DNA #T4RA

2006 4F,P. W. Rothemund "> 2t T —Ffi 42357
DNA [ 20 %% B, B A — R 5 R DNA FLgE X
1 AR ) DNA BR300 A 57 48 2 40 [ 5
Y DNA BBE R A ST & 25 i, 25 il 1 DNA KB
IS L X HE A, e &3 & i — > 4P T 251,
AR T PR DNA R 40R. B4 — K1
DNA Bk (FRM B T-285% , scaffold strand ) /F 2k 7 22
BE @B T — R AU EL) DNA BB (FRNIT 54T
B, staple strand ) J¢ < BE (1) 27 T 8B A7 P 2 — & If:
IE]E , Hos BN A 2 s (B sE 17 48
BEEEEC27 NIRRT BE ) <l o vl g R Y A AE S K
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H A&, & M DNA 9K AR WA R IR 5 B A ©9-

FELERRE LB A &, B IR A9 23 (W) A 1Y R AR
T i AR AL , I B Al B R BT B N — R 1Y
P e .

P. W. Rothemund #E FH 7 W # 14< M13 %) BA 4%
DNA J351] MI13Mp18 {E AT 2855 , it 74 . =
I T R RIS 6 RO TR — 424, i i 15
AR TT F T 85 5 I T 2R 6 7E v W vh B 2 2
LA, TE AFM R B s U 2] 1 | B A5 R,
WNIE 3 frzs. & 3a) h ZHEEIE R HARKRZ2N 100 nm,

b) & FARICHIDNAST4CAR KITEAFMEE

B3 DNA 34K B & AFM £ 4E

FRATAETHEXT N 1 AMEZR AL, A W 4r FE IR 2] T

6 nm, 5f%4; DNA Tile H 41354 He, TCit 2454 10
I AR SR AL, B i AR

eAh,P. W. Routhemund P H: 35 11 (1) 45 T8 45 44
FHER LA DNA & RS54 R 3 s 0 EEAR T &
M, A AFM R PRAE SR A TR SR
FEYNH [ KBS, &l 3b) FR.

2006 4F, [ ACIH K Bio-X HUL ) DNA 145
BLAESCATBN , BT DNA PraloR by 1 v s & i 1]
2PN AR AFM T U E2 BT B 48 oK g ]
125 AR EARZ 0 150 nm, 1 ARG S 7 000 £
/\M%E’J DNA K HiF1 200 £ 2% DNA 55 5% 5 41

MM, Ko BE DNA n— AR k4, 3 i 7K F 5 e 52
PrE I v & I AR, R EE DNA AR Sy “ 5T
T XA R T REAEX AR EDE B 4
& THT IR A 0L 7 Te) R, 1 U DNA S 4R SEBLE X
FREDE RIA 2. 258 45 S R W], DNA 48R A
FREAEXTFR A 22 4 DR B fig ). DFoE N DLk itk —
AAHERT, DNA $74UR BA 14 38 JL-PAT AT 52 2% — 4 44
KEAHIRIEE ST, vl Lo B F i _E 45 A R R
PEAL TR

2008 4E,E. S. Andersen 25" fE B A © 40 B 11
DNA Hr40AR BIE B, A 18 T R XS FR S AL
T K DT |, I L o 7 Vi AR 0 1) v 48 40 s n A
/b Crossovers, £ AFM T W 4% B B2 55 5 (K i A []
JAMEDE (AN 4a) Bios) , #H1UER] T Crossovers
BAT R s MR e Y n Ve 1. 58 i il i A A )
A 0 SIS i % E RN e K DR 35 4T Ik
B2 P2 e ) T i A K (ANl 4b) s ) |
X DNA 48R 47 5 B B 4124 19— UK I
23R,

TE ZAET AR E ) A I [l s, B 98 B K IR

’*

b) DNAJTACA 4 1 (14 3% 74163 I
A4 3T DNA Fr4 K69 50 B
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ks DNA PraiR e 2= = 425 (M) 2544 2007 4, S.
M. Douglas 21" 5% 7 DNA 7 48 A il i 17 7512
JiE DNA ZK45, SE8 T DNA 48R i — 2 KT 3|
USRS, B UL, =4 DNA Jr4UREA TR
B R B 2009 4F, S. M. Douglas 257 7 DNA 44
KA B BEAl 1 B 1 0 B AR A AR A T PR
B 7 I S8mE B A e AR T A i 5E S HE AR
XA A HARFN A G A58 (ANl Sa) BiiR ) , I 7E
BOHT R ) S g A A BT P I R,
LT VTR A A i 25 25 47 1 AR it 4 G it
Al 3k 3°.2009 4F, Y. Ke 2" 3L F DNA $r48A, #)
RS H A B0 7% = I T —4> DNA Y
TR TR , 38 3 375 55 i 5 ( TEMD) J AR MEE B K 2 54
nm [HZ50 = HESER, % DNA DY ) 1458 0% 25 A 22
TR AT, LB KORLF ) H A AR %
(U 5b) o) . [6l4E, P& ) E. S. Andersen %[20]
FRIRER T 2k 1 T —A~ 0] F-hk) DNA &7, IF58
T BE R G SN SEBL T DNA & 5 1 I 45 1l
(W 5¢) BizR ). 2011 4F, D. Yan 26" 58 3o 4 1
SRS AR 1) 2 1 it 3, A T AR ERAR T RIORS 55
“AEH” , TEM T EDE 53t 52 2 AHAF (Il 5d)
JIiR) . 3X— R AE Science DL EH T SCEE ML A %,
H =2k DNA $r4URHER] T —A i = B AR B
FEAN 2 T A BR A BE 3T 40aE R A 2 DNA gk
EIE MISEH. 2011 4F, Z. Zhao %5 3 10 43 2% 11 412
TR T Z AT AR A 52, T T 8
RIBL R AR, ke s ) — 4 | = e 25 280

d) AT
CERARTOA AT

B5 DNAWHRRMEGTLENA

FRR B 413, 9F—28 )8 T DNA 40K 18 &2 J 45
F4 (R RE T A RLASE.

2012 4, X. C. Zhang 25" JLF§7# DNA &3
H AT A, 32 ) 1T DNA r40R i 4
KT BT AL X DNA 47400
AR E T AT HE AT B0, 71T B ETHE MY 3" I
Wit KJE ) DNA hooks, fff H 48 5 & 1 A 45 €
DNA J7 31 i S B 4 K 48 (SWCONT) ke A 5 S PR 25
A, N 412 5230 SWCNT £ 47 48R b i8S iff
7, SR )5 1 SWCNTSs 11475 iy FH BH AR 5 £ 6 20 B AR
AR R S H BHLA S5 2R B SR L ) HE B
PR BT Se 1R S M dlk 3% 45 SWCNT 1) 7 iy
KA Ut 40 K A5 00 i A4S (CNTFET) |, S2 8L
IFNELT) 2 By 2 v .l X 2 S EREE CNT-
FETs 7EARRPRA T G958 UL 6, S 7 517
HL I 132 B D RE 5 R, JE 2 % 2 A4S JF K CNTFETS
Sl S AEUE R SEBL T BT R BRI 2 I RE.

2012 4 AEHE— DRI TN 43 B LA 8 52 S+ 40
K EER (A EIE M = 4450 ) 1Y B 4128 05 74 M
JRERE SR I 2B H T 7E R $2 T 56T DNA §r
ACA RN 52 Tl 27 B BB BT 1 B i S A 4
TSLIRAIE T 7 56 RIS B BURE 25 4 i o, DR
ST R LR (LI 6) , TR A8 4T 4L
BRAR (LI 7) e B IS S AT AT B S AR, e s
THH T3 T DNA $740R M BB T DNA 45 4 45
R RS Oy I B B VA T A BT
FETHE S5 I TF-424E M13mpl8 L) 100 : 1 (1 LLBIR &
(25 uWM Mg**) 763 M1 4500 TRk [ 4%, R G
W 5 L B AT PR AS TR I T 87 A 25 1 = Bk
F b I W A 30 Wl 1 1 x TAE/Mg®* 28 w3,
A AFM HE i & 3T WSS (B2, AFM T 1 BRI
BA s 12 B AR RABEDE 1 R — 2%
T L BN e R A5 oA, BRI

=]

=i [ Eﬂ:ﬂ‘
Cr e ) il
L T

i
i 1. i o o o o |

CCCC® Coon S

vvvvv

H6 RMBLEMIUTHRAE
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HA&, % 4 DNA 49K 5 8RB 9 7 IR 5 B A <11

=
=

S=F
i}

H7 BREEYITREZEE

XA e H LA R R R 1) BBEDE & — 1
AR I 2 e, 275 15 N A 56 STk
R, BT DNA 40, 7E A @i A 2 25 25 H 1 20
KR, 5256 B7 72 4 i 45 40 oA A Fa e D 8%
LR Gy AESN TR T S AR W T 3 R H 4
RESZIG M, 1 U P. W. Routhemund F4) %8 (1 22 1 4]
T H AR AE B ALRE R A, 2) DNA Jr4UR 1
FISCRTFE 2B | ] P LA % K 8 g o 4 1
BB I A BE R 45 K. 38 |, DNA 47 48R 72 iF
N RS TEE N 1.5 4 turns, 25 5. 4 nm,
{AIREA N2 #  an e 7= i 2548, H aTiFoe A
GUA AT DNA 1 40 R #4385 09 5 25 19 45 0 0 5
4.5 “~turns, 2916 nm. B X FE R 25 A 254, 38R &
B BB B A 0 — i 55 5. A B M g
4 SRS M, 7EAI ] DNA HT40R B 4126 158
YPORGETE W B IR L 4 SR KGR S5, X
& DNA HraCARE FEYN K5 A B — 55 5, X L] g
S AFM TS B 25 R 5E 1 B B A2 TR R
J— AR .
1.3 SST BARF*

2012 4E,B. Wei 257 B4 DNA 4748 A& Fl Tile
H AL AR, a1 T SST BTk, &
R —Z 5 R DNA HgE, 78 A% i 1 5
50811 DNA GRS 51| S54RI Y 4 45 DNA k5 i
B E AN AR 45 A IR R R &, S AT AR
— Y.

SST [ 415 LA i) ik DNA Sy [ 4350, 1
%% DNA BB 42 N0dEE, ol 2 B BB &
21 AL, 21 B HE K BE Y DNA Bk 53k 2 AN X
B, A AL E 10 B 1T AL (RZY 1 X
PR ) . fE B 41 R, B 5% DNA FLEE R A
B, [A] 5 AR 4 4> DNA B i AH %
XIS BN X AR 25, e A IE 8 3 nm 5.7 nm

KAy 2s [ RUR 4 1. 1345 DNA By i s bR
2 AL TR IR 2 A WUZE S5 # , A8 A T BT i
PSS FILE [l — ST L K 24> DNA Tile {1 A 41
BRI R 2 B — T
KIIE, ] 8a) i 7i. B. Wei 267 390 B9 i+ 1)
BAGE Tile [ LBEHRE — D AETE , A0 T AL T 10 T
BEAER—PA> T AR, 43 T A B 300 £ 4% DNA #
il 1 LT R, 45 4% DNA BEXT B 40 F- I Ay 1 M3
T TR TR 5 R B 4L 1 S B R
TR A4 T A5 b, HaR e Bk H b B
SEMR X ) DNA B, E & 1 4145, i %
4311 DNA SR 22 55, fe & P B DNA B [ 21285
SRR 2 A, AP 8b) .

B. Wei 2517/ JLF SST [ 415 5 ms , SR RO 4%
i 149 B4 DNA Tile , 38 2 728 e e RO [7] £ DNA 4 -
RIS T 100 2R FE) 46V S5, £
5 26 KB T, 10 APTRAAET 6 AT K H
5545, AFM T %25 90 nm, {1E 9 iR, iX
Ji I RTS5HS DNA 94 K 45 AR h— Y vk # 368 [F Be
(A, FE4MUER T4 B % DNA Tile [ 2124645

“

N 5 P t T
A M W W
F ¥ SR S

\

....................

""""" (I (R

K .. 6.4
a) HBETile (SST) [ 2% JF /R 25 4]
Molecular canvas

b) 3 F- A M HA [ 5 4 26 AR Y
B8 AT SST#H:ehi BN
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o [ G zpsfs [5Y6[ 2} 1 9 =2
RERYEEACNEN s e
kI LMIN[O[P]gIR[S] T S e st s e s
wviwx]ylzy [-]']7 L e e
EEBEIRBEAE

I+]=1*120 ] O] [a]
RESEOO0OCO0E
@| ol |? |3 Ry |¥]a)
RIEIFIES I EIER X
DNONRNODMNE

B9 BT SSTHwEEMAME

AR FIRE LS5 A0 K A K 25 4 1) e I

SST H A — P X% 9 45 H DNA 44K 1
A, DUHSR R A Al B 2126 05 0 RS B 254 1
i 77, TR T HOR R A 1 22 i ok
LSRR RE T, s DNA B A AeHE A 78 R A =S
[], W K HLHES] 12544 DNA GoKEAR 1 4 J.

SEH ARG SST A4k )y kit 17—
AR EIE (K 70 nm, 5E 30 nm) , F FH B4 19 A
A B DNA FUEEHEAT B 4128, JF i AFM WS
2T AAR A FIE ETE (A 10 BroR) kst 1
et i) DNA FLgg Tile | 41258 Hik — HEZ5 4 1 n]
AT LRSI (Y n] B, 72 H K SST LR sEh 2,
XA SST A AT A T AR G Z5H T T v
R, B i B S S R BRI it
JERLINPE 11 Frs. ARG R i ah F e 5, BB
12 A U BIS5 R P i 1A SE 38 1 e N2 T
SST {413 U Z5Hg AT 46, — 2 1 55k
A SST J7 Akt K 45 M R I 9 A g 1, — 2
T AREE SST LEAEARX FRIETE I 4 13 212 85
R AU S5 AFM BRACR AN 12 P, TR
S PRI R, H AT B R SRR E
MSEHIEAEREAT P, 4K DNA Jr40R Z )5, SST A4
NI NEE 1 B BB T — BT (4 75 i
FIEBE , [R]F 5 DNA $r 4RI AN, AT R BE R
AURE B A2 24 Y B AR A S Fr

2 45#) DNA 9iKE AR N H

DNA Hr4UAR M SST H 4% T5 15245 H4 DNA 44
KB E T T BCR , B A5 . e e
SAVRFRL B A% AR I T HOR s L 4R 4 T

S e s g e s e

L U

B 11 AT SST it E £

RO HAR AN A, 74 A AT 45 94 oK ook A AT 741k
YR RERAYS R B A A N i E. B
I, 2548 DNA GRFOR 20 HAELL N JLJT 1

1) DNA H 41 35| 5 TCHL YN KL 4 1 € Tic.
T N 53 DL A 22 DNA Z548 LIS, DA 4 —fi ik
Y FAE DNA BN KR TR A HOR T8, S8l T
DNA 73 F 5 TCHLAOKR R F 45 &, AR 90K 4 94
KE R SE, IR — DRI DNA g 434510 1Y
LIRSS RS W W KPS AN OCIEGE 5 Wy ELP/S
WL 1 2H 2 DA R T A AR - 1 A S e T B it
T #2005 4F, Z. X. Deng 25" 5% F| DNA 7R 3¢



HA&, % 4 DNA 49K 5 8RB 9 7 IR 5 B A “ 13-

AN
s 2
ei ght

B{12 WNUAZHAFM R4 H

RETOARM A DNA Bt , In A4 FL5E 5 AT
51 DNA {9 K GoRE -, SEBL 1 % T e B A5 S P Y
DNA Z58 SV 21 % B TR G20 K G R 1 1) 2 P 4
B, R SR ] ik — 2 il 1 oy R S B AE
FER T A ) HES). 3 I AR S 3 T 40K b e )
RS RAHG T 0K R A RHAE 2 B HOR
JE R PENE , A oA d PRI SRR At T AT RE.

2) DNA 413 & 0K EWE . e A 4%
DNA ZEH4 LA, 30 e 57 1 i 3 12— 2L FRLBE IR
1L AT IATA DRI, Y. Ke %572 F 2008 4F 5251
il TS AT DNA Sr40R IS F, R AR Y
DNA J7 YN FE IR 758 e MO H e 8 T B
BB H s RNA BAGTI. _F ¥ 5250 K°F Bio-X
IR e A F [ B2 e L 7 7 P 49 BRI 5 e 4F 58 N
L2015 w713 = Rl R TR e R D A i LTI 1
PERORE A, I IR T IG5 G 5 A< 5 s 18] el -
IR DNA GG R, i it AFM $ERSEEL T
LY ST A= 1Tt

3) DNA [ 4% 560 THARMEE 5. 451
DNA ZHREAR K A e, DNA [ 241 A0 4 K 45 1
1 S BE QLA N 58 A, 8K i 7 i 1 D BE A O I B
I THAARIRIE B Bl 52 1 56 9 B AR [E R0
T R H AT R AEA S 22 nm. P, SR BTHOAR
7SO ARG & AW =i T T2 Bl
JOF RN AR D RE & 1, S N R IL RGBSR 1 H
i FIF DNA- [ R AR 145 Pl A2 2 e — 4k
SR KR R BRAKAE Y ok Al
IR DIREAAR AR, I 45 5 flom THAR, 52
BUREHIL A 1) 240 K 25 A e SO TR AR b ) — ik 4

e R LR RN R 1 i S RE R, 9 DNA 42K
POAGE 1177 M o PSS A 11

3 g

4544 DNA ZREORBE Ay 8 A5 1 TR S 1 4 ok
K BRI AR | ST | 0 D 454 45 D T A S
BRI, Dy 1S A ) B4 25 S AR OR SR 1
H, o AATTSE BN K 73 1 i B e A 280y T A
fHBLIT BL45 14 DNA GR BRI A7 £ 3 1 2 AU
PR 0 DNA [ AR PLH B2 47 S22
PG ECT DNA [ 41586 F P RS e, el 4 2508k
Bu? WA R T 45 7€ (19 DNA 3 414507 /8
FEA RS B 418 =907 Infig A DNA B 415
Fy3dt DNA ZIREAR AR FSC B A AR P 0 A ) 3k
w LA N7 X SRR I 5T U H ATAT A Y
— BT R L BLBTBE DNA 4B A5H IR 204
FHVEAS 0 AT 4 A L AT 301k 9 B A B A, L 52 B4
KA. A B 1% R AT 5T 1 AS I R AR JEE
454 DNA GKRFOR A IR B A, HAEAOR
TR SR F ARG A e RO R S
FEMIAR IS O T AL N R R A 0K R 2 A AR
Z BRI I 2Bk 2.

S 3Lk
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Z W 61,2013 ,40(2) :16.
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DNA 5 B 5 AR F7E UK 55 e B2

WA R, wWAEfL, eTEB, REF, HAR, Ik
(MBI V¥ BAGEEIRE¥K, ME A /M 450002)

E . 2238 T AR DNA 5 F LM EA TZ AN BB H AR —DNA 44 F B R EM T
V38 AR | A AT 4 b 38 5 Ap 22 P 45 DNA 29 R ALZ A DNA R P 45 ARk e AF i J , SFad ad
S A 52/ A A B2 38 48 55 LA A Ao g B 5238 4R 15 FLAR A 935 51 B4y JL, ¢ DNA 46 B3 K 6940 £ 5
R#TT FIIIE. sl ER B MEZFH AR DNA 4R, %4 DNA F 41, K™
LM A3 DNA AUk & 24, 6% DNA 48 F Bl R o9 K 7 &),

K HEIR DNA 45 F ¥ ;38 45 1138 AL A A 0F 4 B 38 DNA 4 R AUEA;DNA R R M 4%

RESES :TM711 XEkFRERG A DOI:10.3969/j. issn. 2095 —476X.2014.01. 003

Current situation and prospect of DNA strand displacement technology

YAO Li-na, TIAN Gui-hua, YE Meng-meng, ZHAO Tao-tao, CUI Guang-zhao, WANG Yan-feng
(College of Elcetric and Information Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450002 , China)

Abstract : DNA strand displacement as a new kind of technology has been used in the construction of artifi-
cial biochemical logic circuit depending on the DNA molecular component. The research progress of DNA
strand displacement technology in many fields was reviewed, including logic gate operation model, bio-
chemical logic circuit and neural network, DNA nanorobotics, DNA reaction network and so on. The relat-
ed applications of DNA strand displacement technology obtained experimental verification through the de-
sign and the simulation of half adder/full adder and encoder logic operation models. Based on these,it was
put forward that constructing dynamic and functional nanomachines, integrating DNA logic gates and build-
ing DNA computer system structure were to be the development direction of application of DNA strand dis-
placement technology.

Key words:DNA strand displacement ;logic gate operation model ; biochemical logic circuit; DNA nanoro-

botics ; DNA reaction network
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Review of simulation computation of DNA self-assembly
system and the related application research
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(1. College of Electric and Information Engineering , Zhengzhou University of Light Industry , Zhengzhou 450002 , China ;
2. He'nan Key Laborary of Information-based Electrical Appliances ,Zhengzhou 450002 , China)

Abstract ; Some existing DNA computing softwares, such as caDNAno tools, Visual DSD tools and NU-
PACK tools,were reviewed. Based on the caDNAno and Visual DSD, two DNA self-assembly models were
described , which are respectively corresponding to Zhengzhou University of Light Industry badge and the
prime number judging. After that, the application and feasibility of related softwares was discussed. And
then, it was pionted that software platforms design was an important issue in the research of DNA self-
assembly computation.

Key words:DNA computing; DNA self-assembly ; simulation software

0 5l LRI 1L DNA 40 T b4 05 . DLSEHE 4 TR 9 R
& AT BT F 335 5L, 1994 4F L. M. Adleman'" F]
(415 DNA HFE R R TAE W22 Bis Sy RIS TAEE R ROtk T 8 7 AN TR AU

IR HEF.2013 - 11 - 15

ESWA: B R a8 AH %445 A8 (61070238, 61272022, U1304620 ) ; 7T d 4 A #h 5 o7 % 3 K AF L+ % 57 B
(122300413211,132300410183 ) ; 57T & 4 41 %7 A AHHA A AR 2% T2 4R B (124200510017 ) ; 3¢ 4 77 A-H A AR 3% 3
% (FHEATE A ) A (131PLIRC648) ; 37 iy K 4 A T H R A & 8 A (13A413371) ;500 82 T ok F B+ A 451 A
( BSJJ2010002)

TEERN: EFR(1976—) , B, T dy B ARBA, F M Tk F B IT, L, ERFFLF QA ST 0T H kI

BEEE . EAB(1957—), B, ThEATEAHRNBE L LFREE ML, 2R S aA Mt LS EA%A.
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FEF &, % H 4% DNA IH B 07 A RE A SRk ©23-

A [al G %% IR i % A% 0] A8, JF 3 T DNA 315
4L,

DNA 73 EHA Rk 25 (R B & W Ae Rtk
FHIFEL A N AR A& Tl RE S
fAEBE T, 77 F ] Waston-Crick Hif{ & VT g ML il {8
HAE BB % 3w iy B AT A BRRE ). )
I, DNA 48] 3R ik B R BERE FISR BT R
GRS 5. B 412 DNA R s s T
e A5 B2 KRB 2 S 2 AR N2, fif
HRH—AN 222 RS ST BT U .

20 0K T A, [ 415 DNA 1878 B BF 5%
Fe ARSI 7 S IAS T K R 5. AT, B 4%
DNA {1HEMFIE 324 3 Ry, 43512 DNA Tile H
ZH%E DNA Pr4EAR K DNA 5 B il A, Hodbdd B e
FARJEAE [ U ML R b B B —Rh 3 2
SRR S

DNA A4k R, fEAE LM E T, 1E N
FEARZER BAIT R DNA 73 F B8 0 & 41 21 all RAE L
A MU LA SNE 545 e Dh BE 45 1. MR 41 ik —
FROE , WFFEE TR T A FE DNA 9RE5HIIR R 1)
THHFFE. T. J. Fu 252150 P52 30K 9 Holliday
Sy A i 1 B B AR DNA 23T 1o 4s 4 al
SEH R AR A A0 K S5 A B 25 C. Mao” g HLH
T DNA Tile [ 434 A, JF & H 45 Fa & 19 DX
Tile , JFHI 4 £ Fh - 4K 0. 2000 4F, C. Mao 25
i Tile B 42 ARG H Kl R 81012 B
R G 5E AF S B UE 52 T AT AT P 2002 4E, AL Car-
bone %' | Fil DNA 431 [ 4126 ¥l T A /R 22 He
AR 2006 4E Y. Brun'® #2 H T 3T Tile [ 4125
RN 1 3 122 325 BB EL. 2009 4, €. X. Zhang %7
K Tile BB AR BT T BRIE A% G2 B,
W6 G, 2 R 4k Jo = 4 4 4 A A R AR 4k i
PRI Horf DNA Tile [ 20 %% B HC AR 38 1 17
fETIAR 232 W .

DNA 5 B 4 AR 2 40 7315 450 b 24 i 4
A EAGTETRST 2222 (19 DNA 43T+, FI ] DNA 43T
AN S5 6 0 o TR R i A8 I e itk 45
PRI, e A B A fif S0 3 R A6 70 (155 00 R 5l 3
i A —2% DNA FREE I B i o5 — 2% DNA B4 (1) 1
T A AR AT S AS A 1) RUBE 2 38 X 558 4 2= 28 IX 38
AR, B A Y 1 L TR S B B e
fa%.

2006 4, S. Georg 45" kT4 B 4 b R B
180 AET & 2 A, 416 2 i .
2010 4f, L. L. Qian 25" g 504N T80, 32

BT AL A bR AL, A 20 A i
T . 2011 4F, L. L. Qian 280" R H] 72 Ff
130 4% DNA g4 7 HA T 4 A0 Z 3 67 5 i
REJT B R LK R 112 FOARTRIAS DNA BEZH % 1
4 AFH IR R BN A 280 W 4%, 8 o A O AR Ui RK
WEBH ] DNA 73720 i 4 28 W 48 B AT — i 19 12 5
HEPHAE

DNA 73 HHBAR R, 437 [ HEF 705 S AR
ALt , AR AROUE S5 48K 1Y) i f AR AR S Ak s B AR
FH. A 4% DNA TR LUAE A T B it A
AR IR, T —E R TR T
I3 TR R A AT & BE U RE AP A
PEm TAEROCR, S B A3k R mT 474504,
(] s 3 ] A B 0 L 235 2R T A5S B 45 4], $2 4 52 50 1Y

AKX caDNAno T H. | Visual DSD T H. |
NUPACK 3 Fifrjgi F 30 B 317 5, 23R & 3K
P TEB FELEYRE HRAE I G E A
JFAE VR fefT P 3K 0 R AP o 74 SIS B0 B i 55 T A

1 H 4% DNA A5 B

1.1 caDNAno TH

caDNAno J&— T DNA ZpFZ: K A, id
TAb A N = 4k B 414 DNA S5 BIRL. 5 Ry
caDNAno A (a4 K27 Wyss 259 TRERE 5T ir 4
P4 5% Shawn Douglas JT % .

caDNAno T B2 5 7 i 3 >l e 1 DL &
&8 H R FE RS RE WA . & 0 1 thrl SR
FERIA TR , ] 1 o P A 4E 50 2548, B A Hon-
eycomb fll Square 2 F## 5, : Honeycomb [ 4 7 i
AR S TEAR S 45 5 Square T T4 8 — 4k 11 )
U ARZERAE. I AT R DNA K
FE ¥ 9 Koy F IR A5 6 5 A R, ik P14 Se-
lect, Pencil , Break 4% 3J) G5 7] 5¢ i 2 1 1 2. k4%
Pencil #1] 2] %78 DNA 73 ¥ W% (0, 5 4 FH
Select Ht #% gy 5l M B DNA 37~ vl s 28 3 1 K
i3 Break fHA] S DNA 4355 i U Wr D RE. % 1K
I %7 caDNAno2 3% 3D v g 1, A Bl i H iy
PLAR e 4 i A [ RE A LS DNA 73 7R JE 4
H.

caDNAno 3K F-6 T, 235 T 7E PR ZH LUK N
BT # B (LA T RIFRERBE ) BB X4, Bt H
4 DNA H 425 BA. 2518 1 255 7 000 £
AL M13mpl8 DNA HUEE I 200 £ 55 5 Z A
BROL E AN Y 52 DNA FREEJEAT 203 AR B H AR 2N
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140 nm [ FAE 2 B £ B DNA 4y T 45 44, Horp
M13mpl8 Huh Ay T 22465, J6 (1) DNA g6 43T
ETBE. 01 T 204 72 K7 5 1) B RCR 3 & T8 K
BRBEABUBTE AR, 1T A0 6T Bl T8I 24 14407 B 0T D T 42
eI T .

ZBTT SRR LT 2 M ERR.

1) BT IR 2040 i B 2R . PR — 4 TR 19 0 T
HEZ, TR R A T Square T, 28 BUT:
— B E S5 K. WUEE DNA 1) — AR EE 24
3.6 nm,10. 5 DML, FEFE LR 2 nm, P47 ) DNA
MR LY R 1 nm. 7655 LU 1198 K 22 1R B
2 B o R | [ B A 2 2 BB TSR 1) 1 R
7 000 A% 3, f e AL B R IEDE BEAR 248
140 nm. $# i AR & B 29 47 nm x 3 nm, A] &
W B RE Ll 47 J2 DNA B2E. B T 2055 &
B BE AL AT R , A AR9IE DNA SE7E T Ak A 41
F1f/N, FE— B DNA SUSE A 20200221 AR B 1Y)
HOBAES R OB R 10 I TR T R I A i L
. Z BRI BOR R A A5 0, PR R AR S5 e AR
M 7R IR B LA 3 3 AN AL | XA RE 3G 5
SERRGE M AR KR B 95 W0

2)WAT A ETEE T 8. AT eI E S 5 2
JZ DNA $25€ AR 45 G >k SE B I T 2045 1 [ . E 0
JI 2048 1 )7 5], AR H% Watson-Crick J5 0 58 53T 45
ETBEMIT A e, de K2 80T eI it an i 2
7N T RGO (TR B i o 5T —37) . A RIETT
ETEEA S0 [ T 2540, bR T i 4 4b, 1417
ETRES TR 3 )2 DNA BRE, anl&l 2 Hify a) il b) o
EUE ) (i T 4557 88 , ek Ko 32 A a2E, HAth
5 F o HF RG] BETEE. e iT BT
FHTS ZARIE DNA a4 A0 4 1 B/

1£ caDNAno B & rh BT IR 42 Tl 2%
BRI K ZE A IR 3a) BT s, 3D BLSEH 11 0] R
R DNA Z3 (1) 256 0 LR 8] 3b) 2 5] 3a)
H ORI IEL, 7] LAE SR PE 0 & Bk 47 A WU
DNA FifE. & 3¢) I 3a) h QIR K, Hrpi
SRR T2, LA e BN IT AT BE. 1T B
ETHES T 040 08 L T A5, 58 S B TR R &5
). T AR 1 AR X FR A 5 2 B TR R, AR B
DNA [ 24145 B W) JL-TAT AT 52 2% — 49k 4544
FIRE T, Jy B 4% DNA 8484t 74 1y B e
KA.

1.2 Visual DSD THE

A L. Matthew 25" %31 % Visual DSD T H. 7]

FHFHHE DNA BEE A AR, 2 B A8 ) 47 1

]
]
{

A1 FeNd2 Tk 5 PR A M T R A A R A

B N 1 |
a) b) c) d)

| | —
e) f) g)

B2 774474

Visual DSD L), Silverlight 22 H 206 4w 5 Headt, nf
1 Windows ,Mac OS X F Linux ¥4 245 T 1817 B
A R B X G B DR O XA R 7R IR XN
SRR AT 05 B, AN [ A = AR B ] 15
B NGl RAE O S b g S UN PRV ) el T
BUBEHY A TF, T 5 38 5 45 B 0] A5 2 ke B Y {7 L2
H.TEGAY X 58 B DNA Jr 25811t BoE 2 i
FR)HE S I ] B8 R A OB b o 1 4 S O B
[R]85 24, [a) i ] S B4 F 7 90 it Aok
JH Visual DSD T H 4@t /7 51, SR XORAE T &
E5hE TR PRI B TR0k 3 & T e A TN VB = u i
HhEEE AT R DNA JP 5 5T ) A AR Al 2 R
NS RRA AR S FNLE A, [ 45 7 AH Y #Y Matlab
FEFFIEACHD , AT A B Matlab {5 FLEREE , XF 92 (1 17
BLLE AT HL A, HESE Visual DSD T HL A AT 471
S T IR 2 5 T DNA B B 40 9005 K i L
BRI T HFRECHIMY DNA 7T BRL, 3%
BEAYRT DL W 4 — i 8O A 02 KA IR
Visual DSD T H 47 8 i 7 1) 5 L.
REEORTELAERE | A B B REBR Y B AR B X
RECHE MR A BB . m AR (E S
it | AR AT 52 U S 1A SO s A W 28
A=Wy i) A SR R R (LA @) AT DR KR
J3E St SRl DR S AR PR BT 1) 3R A K2
A 4 R, o2 Es 7S B3R 3 R
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ETF R, % B 4% DNA W H 7 R R A A 47k £25-

41

42

43

44

45

46

47

b)
L m I
[ A e 13 Jt : 2 aaameees
L .
*t—~_- Lﬂ;
- " ——— |
| ——
| —

c)

B 3 caDNAno #44-F & P
F 2 Tk F AR B Y

104%

I

L
L

B4 AT &P e b 5%

SERIZ AT, Al X} 4 7 2 il Mot A7 R Ak . 1, —
I RIS p i (5. & A B
W, p = 1 35, S IR p = 0. 5 %2 4R
FL A B o 1 v I, AT S BER HOHI BT 1 D RE.
A 2B, Al A= B DNA 5 7500, JC DNA g%
A

KM Visual DSD T H %3 BESEAT T 015 B i
F Visual DSD 445 BN, 7 22 B0E BAU R, 1
B Ay B 7 BOIA A S BE AL A X
R g ) 5 SRR A A TR BT, AR
AN ET RN

directive duration 20000. 0 points 1000

directive plot <p >; <t"_>; <t" _">

directive scale 100.0

def bind = 0.0003 ( % /nM/s =)

def unbind = 0.1126 ( * /s )

new t@ bind , unbind

A 7 ELF[E] S 20 000 s, E0dk R AR K
Hh 1,000 Y, Wy 5 A et 22 1 B I %S 52 93 531) S
HE<p>MEIAGE <0” _> <" _ 0> WIBIE T
ZIBERR RLL e DNA 258 173 s 3. i Bas R
5 Fis.

K5 rpILA 1S FE 00, 23 IR 1—15 Z [al#Y
FLARE Hoh N "B AL p R iR, p =0 3%
A AR HL T Bl A AE R p = 1 Ronf A
NEREL LRI p YR, Ay 2,35,
70,13 1, p W50 Bl I [R) AN S i, e T
R, Rue e W B iy 230w 1000, 1 HAth A A 150
p OB B DR FEANAE. AT L, FE B AR B 115 4
2,3,5,7,11,13 2&H

ARSI, B E SRRy 25 % DNA
FAERZE N, S5 F R %, ] Visual DSD T H R KR
0T AR 48 W 1 TARRCE, o fs py 2 ) LA
P LSRR SR B A B 45, DT 56 35 I8
feizit
1.3 NUPACK TH

NUPACK Hy i # T2 B Pierce S5 2 H &,
2T DNA JF90 53 M At iy 8 % L E
P BRI

NUPACK T EL.#) 45 A A2 45 Analysis, Design,
Utilitiesp jX 3 NEedi. B0 13 117 8ie, Al fE
Analysis Wiy B [F] il B2 AN 6] 9 B2 DNA B 5
RNA BER 258 S, 175 B 45 R Ry 8 27 P 25 5 )
T2 7% DNA $ 8¢ RNA 2252 J5 4544, Design
B 5 XL T IZ S8 B B A 73 5 2 i 1) 5 Utilities
WETRG T iR 2 BUhRE, 8 1 2 IR E, T
P E T I AL SRR, [R) P 2H 7 DNA 51
R A A T S B

5T DNA G5B 30 S W 1) 5 2 51 Rni i #, 4n
K6 s, HElE SIS AG S5 <12 >
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N=0001, p=0 N=0010, p=1 N=0011, p=1
800~ . o 800= 53 = - -
3 fr-}/J 3 3
q’f/‘] - \| <t~ bo> 4 \| <t* bo> 4 \\ <t~ bo>
i 3 <t™ c0> Jiit = <t” c1> 3 <t~ c1>
" 3 <t™ d1th> r,] E <t~ do t~> 3 <t” d1th>
1 400= 1 400- =
g 3 W3 3
0 | B A L U A I B | 0 _: TTTT T ULELELE BV _: | LI T N I S I N B B |
10000 20000 o 10000 20000 0 10000 20000
e (s) ) (s) e (s)
N=0100, p=0 N=0101, p=1 N=0110, p=0
s 3 3 \\ <p>
800= 800 0= <t~ 20>
LH/J - :ﬁjj - - § <:A :?>
;i )5t —; = <t c1>
FI'-J 400_: ﬂ’] 400_: 0_: <t~ dOt>
- T 3
0_-|..|.|....|....|.|.|, 0_:”.-|-.--....|....| 0_:.....“..............
10000 20000 b 1 0000 20000 10000 20000
e (s) INfa] (s) I [a] (s)
N=0111, p=1 N=1000, p=0 N=1001, p=0
P p p
g \ <p> g g \\ <p>
800 th sob 800 800= et
M E § <:A ZS> y/j E 1 :V/J E § <:" :llb
J5i = <t~ ;1> ;i E '-\ T Jii - <t~ ;0>
pu | <t~ d1th> 4 DY i N e e o d <th d1'th>
1 400 ':"J 400- 9 400
0= 02 03
L I B N B B B B | L L BN L | L B B B A B B e |
0 10000 20000 10000 20000 0000 20000
) (s fFE] (s) IS fa) Cs)
N=1010, p=0 N=1011, p=1 N=1100, p=0
p= P P
E \ <> : \ <> : ..
800~ <t~ al> 800 <t~ al> 800 <t~ al>
T RE e N it NE N
i Sk O -+ - <t~ 0>
1 4002 iy P a 5 / - <t~ d0 tA>
) 4002 ':141_400: {*j_-zoo—:
T TR W3
0_5 LI I e UL I L O_E | LI I B A S A B B B | O_E rrT T T T
0 _10600 20000 I 20000 b ' 10000 20000
i) (s) el (s) ) Cs)
N=1101, p=1 N=1110, p=0 N=1111, p=0
E o 3 3 N <>
800~ R ats 800= 800= <t~ als
ME S | w3 NE it
i 3 <t” c0> Ji = o= <t~ c1>
oy <t~ dlths = = <tOdrto
) 4002 " ) 4002 9 4003 T
=R = =N Z =N pu
L L8 z L
0_'||||||1||||-||||||||| O_:|||||||lll||||||||||| 0_:|||||||||||||||||||||
0 10000 20000 0 10000 20000 0 10000 20000
WA (s) Al (s) iRl (s)

A5 ATZHPIR60-FEHAEA Visual DSD 45 A

B2 5 T 1450 P81 W3 1, Visual DSD
V-6 B R 5 2 5 T 9 45 X3 DNA 751 W

FIBE <3 4> 4 <12 >k <34 >F5BHTH
1755 B e RN, o OB OOF 7 A a1 S
<23> 552Kz

{5 By NUPACK T_H.[f) Design DR, 7T LASE BOA
6 fT/~ 5848111 DNA £ 44f5)741. NUPACK T.

2% 2.

TE25 CEAMET, Bk 2 FEHI N 585178
NUPACK T Hrh fy {5 B 45 R an & 7 7. NUPACK
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ETF R, % B 4% DNA W H 7 R R A A 47k 27 -

T HBHFIN5 TR 2 255 ABE RN R4 B85
el 7a) BRI E S EE <2 3 > 1R N 47% .
Visual DSD T. H32 4L /¥ 51 1) 5 '] 7 NUPACK ¥ &
A2 SR AR SN ELAE R AN Th) FR
SEHE <2 3> PR RN 92% .

Blhfids 2

Ho6 LiE#imrmeykridss

% 1 k)8 NUPACK T E.i% it DNA 5 %)

DNA % J¥311(5'—3")
23> CGATACCCATCGGTCTCTGGCACCCC
TCCATTGCAGGACG

CCATCGTCCTGCAATGGAGGGGTGC

<17273747 > CAGAGACCGATGGGTATCGATCGGA

42 Visual DSD - & ¥ 8 T 5 1T203K 49 DNA j7 71

i 1791 (5'—3")
1 TATTCC
4 GCTA
2 CCCAAAACAAAACAAAACAA
3 CCCTTTTCTAAACTAAACAA

T ELE5 R FZ W], A X F Visual DSD ffj ELF- 5,
FI NUPACK 24111 )5 51 B A5 21 58 e iy 4544, OF
HRH Visual DSD #3750, By 1E DNA § 5 &
A B A4 , U8/ DNA S5 8] 45 TR, T 2% B
R %, 4% DNA S5 3 R , R [R5 1Y
5N 3 % AR BT UM R 410 45 5 1 JH] NUPACK 583
JFHNIE A T 2 Sl 2= 5 A e e

UEAh, SRR E R TR — 2 1 G B R
IO A S SR — AN A () 22 TR AR s A X
HlEE A S N R i DNA R SIHEAT S, A2
BT 1A AR T, I B IR A AR
ST, DR AT R A RT3 R Visual DSD T H o
M HIRY 51, 7E Visual DSD I NUPACK T A
P B S 57 3 6]y 92% ,2 A TR AT HAHAIE

20 =0
kR
strandl
1 2
L] —
strand3-strandd 2 3
— —
" 1* 2* 3 -
strandl-strand?-strandd 1 2 3 4
) ¥ = 2= 3= g+
strand3 2 3
0 ]
&
strandl-strand3-strandd 1 2 3
# o001 e T = 3= &
= N A )
a) RIHFHI 51126 ANUPACK{; K& R
strandl-strand2-strandd 1 ) 3 =
= 3* g+
strand3 2 3
strand2 3 4
. 0077 en =
strandl 1 2
B 0073 v e
strand3-strandd 2 3
Bl 0073 kN 9 2 3* &
<)
strandl-strand3-strandd 2 3
= o= 3* a*

b) F2 K8 5 126 ANUPACK] B 45 5
B7 2#57 51847/ NUPACK ¢945 L4 R

B HE AT SEE

APUL 2R NUPACK - 5 #E47 5 B, Al 33
FAE DNA 73 725 B S AL 57, 9 45 i) RE A 45
Fag , i T A5 B A [R] 55 22 0] 9 45 5 3%, 2 0E 5T B A1
DNA 153 fi A g Holge o fy 5T A.

2 g

H 2% DNA T8 AAE Ay ki, 75 22
—E BRI A R AR, (5] B, 1 S 94 2K S 400
FEIR RIS, A 5¢ A 413 DNA JHRB 1)
AR 5 IE R A 4 e 45 A I A AR R R 22 B [ e
DNA 7pF R 45 R 25 T 2 W R, Frih, JF
JEAEAC B0 1, 16 B AE I BT &, 4 B 4%
DNA AR () AT A7 B 2 26 235 T A o i v a0k A 7
DB, AR F I RBLRL Y AT AT B e oy TR R A
BEGE I WO, A B T A6 56 1T B B 18 1F 4 2 4
R St P AT A . A X AR X, AT DRI S
W R, B2 i B AR R, (E A (A o A
o X SR AR TR A A AR — S I S A R BR < R
F caDNAno # {4 PRI 25 4415 110, LA Honey-
comb Fl Square 3X 2 F 73X, Jo ik F 2 FUR] HAR
U5 7E Visual DSD # {4 ER85E X4 A & RE5 M
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DNA 3By % 2 20 o245 H s NUPACK T HJG
Baan  BAT 38 XA o 5 AR BB, T L, 240
Briv s FEEREH7E 5 & UL B, i FE5 A i 1
i AT AR ][]

B ERERAF- 550, A 2 I kT HAb
THMHR DNA 50 Ry 2H L H. W
SARSE =% T DNA Hr4uR M5, v 4
A 4EEDIE B9 DNA 44025 58, U nT JF e = 4l
AL THBIFFT s DomainDesign (DD) {4 3+ DNA 4
BRI, B IR AP Visual DSD ANREBCIT AR
ZEF B J2 5 SeesawCompiler 4 7E Visual DSD T.
FLE i 0 g B % Be 4 KineticDesign
(KinD) & —"MHT 8 fos iy TR, 5 NU-
PACK ALY, FoTHO3 3 FE A1

WE%E H 41% DNA THRBERIE L TRA , FikEk
PERIAS JE FRI B 2 7 e o, 75 EEAE L B B
FIvlE R SEsE. 1 H, bi# DNA R s AR, &
AVFZH A BAR W J5 ik H B, X g 2RI
B Ry R A S Y BB AR A
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Optimization on conditions for fermentation of
buckwheat vinegar

SHEN Rui-ling, ZHANG Wen-li, LIN Juan, DONG Ji-lin, XIANG Qi-sen
(College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001 , China)

Abstract;: The traditional technology of alcoholic fermentation and acetic fermentation was used to produce
vinegar. The influence to technique parameters of the alcoholic fermentation caused by temperature , propor-
tion of buckwheat with sorghum and usage of lees was investigated. The influence to technique parameters
of the acetic fermentation caused by ethanol concentration, temperature and inoculations dosage was also
investigated. The method of orthogonal design was employed to determine the optimal technological condi-
tions of the vinegar. The optimal conditions for alcoholic fermentation were found as follows; temperature
32 °C, proportion of buckwheat and sorghum 45% ,the usage of lees 5. 5% . The optimal acetic fermentation
conditions were obtained as follows ;ethanol concentration of 5.0% ,temperature 36 °C ,inoculations dosage
of 5% . Accordingly brewed buckwheat vinegar meets the national standard. It has not only the quality of
traditional vinegar,but also the unique health benefits of buckwheat.

Key words : buckwheat vinegar ; alcoholic fermentation ;acetic fermentation

0 Bl P R i R B R T R 28 ARk BB R RS R T
= T, TE-20 T L 0 2 I 2 T S R R 5 T 2 e
VPGB B S T A RS Wi T B Am e T IR E AR R, AR REBA —E 2R
BN IR S T3 P iR P A BN -l R, BERS B Ak | VR I R ) TR BT AN K
VU BRES (PR 2L, A 6F, IR Y — 5. & AR A, o T AR 3 B AR i A R, A B BB 0
LA SR Bk R AR AR A R R, LLREE Wi ﬁ%ﬁﬁﬁﬁﬂiim BEEXT ARG R 1A #5 D08

Y F8 H H5:2013 - 10 - 09
ESWB: B R+ 5" A3 £ 357 %74 (2012BAD34B05—17)
BN PHB(1967—) , 2, LG E R B BEA KN BILFRER WL, T2 TOAHERS ML,
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POATRFZH , O 288 1 IR0R & Y e i 42 -k
Rt ) T X TR R A SR S R 3
I 22

WIE G A Z A SR MR CR 4R R D
K wili D — P JLEE D-CI( D-chiro-inositol ) \ 22 .
LT 4esF Z R RR IS MY o, R A B w2 %
MAESFIIRE BB IF IR YT T — 1K iR o =
WEETih” 7" L K. Cheang %57 BFSYUE W] #7557 T
AU B — 4H 0 RIN-mSf (1 [ 5% 2% 32 1A 9 A
TR A 26 B A 5 30 B, 400 ) AR DT 5 B e 0
P, 15 6 20 0L 30 3 e, A UL 0 R DL [ . e 5
ARFEETE 18 FhE iz B & ik 2 060. 86 mg/100 mL,
JEEE AR 7.6 4%, Horh AR Y 8 Fh SR
Fraxtt R A S R B O TR R
PRAEIIROR 2, TG 58 BARLL A, B RIRAR, 1%
URBRTE . SRR B SR W D — TR & B
0.5 mg/mL [ FERE , AT FRATOME R B AL /)N B
2 J AW | Al B 490 sk AR 7 s 7 S 1 IR T v A .
HA, wrFEhs L2 M AL TR 205 b B, g T2
SR, AR T4 v L T R A A K-, A A
TEBIT A A FE R A SCHLLA Ll 74 o 57 4 Jit
B, R AR 58 LLPG 2 PRI AE 7 20 mR ] e R O
TGN I IR R I 1Y) S B 528, LA AR 7
B S8 B TS o T ELRE % 38 0 vy 3R AR A B R AR
AR DI o it By TR , by R R € 7 5 A R L
PEALHI AR,
1 MRSk
L1 MRS5S

RSN A I A SN N LT )
RATELFNES A 0] E A (i at) |, i
A7 B ER R (A BT 2, i 5 T BUORUE
AR GRBR (J3 Al ) , K E 26k 22 3n)
ABRA T ToK Sk (o bral) , b A /R0 T
AR R 5 A TR AN (3 Al | R B TR %Ak
TABRTAE ™.

A = SR T, T A 4s B B R
J 7773 BSA224S—CW HLF RF, 38 2 Rl B2 AU A%
(dbm0) A7 FR 2 w) 7™ s FXB303—1 B i #0374, B
TR ST AL R AT FRZS W) 775 XQ200 3 8 2 T g 5
MRS REAL, bV T A R W) 7 TDSA—WS
& A O AL, W0 R A S 30 B AR T R A R A
Al pH 11 (PB—10) , J7 N T PR R A A FR 2

A7 DZKW H SAE R K 78 5, d6 5t ik 6 B 7 A
)7 UV—1600 1] WLy Y6 B i, b st - i
1A PR TR H .

1.2 LA

1.2.1 EFEEFTIZRE

JRA — WA — AA — AR — R (9H)
— hE — Pl - B > BRA — BE
REE (FK R BHR) — B — 78S
1.2.2 WEFE WO 002  FRIBOH EEFE
150 g, & F 500 mL B4R, Jinsk 150 mL, 7K &
70 °C 3290 1 h, 3338, B 100 mL R F 500 mL 2%
PR, SR P ZEEE I Y R B E < SR PR
T 0 2 (GB/T 12456—2008 ). &1 % [ I 5 A
A ST 7K (45 30 g #E 5 40 mL /K, ) 1242,
SR G 1 s BB ek T K 500 nm, DA
TAFRAERIS TR 4R, T R L
DA < BF S S 1 KR 3, 2R )5 1 U 5 Folin-Ciocalteu
2, I 5E K 720 nm, DAY TR Ay b o AR TAE
ek, i A E RO E LR E Ak
([E44) (GB 5009. 5—2010) . JE# HIIM5E 3,5 - —
B SR AG BR 7. g 10 I« 28 AR BRI, /K 0 7
105 °CHE 5 3k, JRAIAE : 550 °C R B vk. 40 75
VBN AR B . KIGAF KL 3% GB 4789.
38—2012 iy )7 k.

1.2.3 EFHBEBAXEMEIZSHMAUAR
HEBRFRI 200 g JFUk (7557 st =3:7) Ik 288}
SERE T =M, A 200 g SR 35e A
B K B2 55 ) F1 200 g 7K, 4351125 BN [R] R IR IR LK
iy R A SR AR 0 B L, o R BV ORG  T ad R
Sp=AUT]

FESCIEA b XSRS R BRI (A) R
IR (B) AR R (C)3 AN, 04T Ly (3*)
BB, W e T 45
1.2.4 EFEFEBRLAEBEMBEIZSHRLTAR
53 BIFGEAN RIS T A | A T T 3 R TS TR ] e o
TSR B R & B O AR R . AE ML IR R B AT
WIRTPORGEE (D) (5 R & BT B (E) FIE R 1 12
B (F)3 AHZE T Ly (3") IE I, e i T
R
1.2.5 #FERIE IR IELIE S R KR DPS
8. SERF AT I 22531

2 RS0

2.1 EFEBEEFEFERBHNEERS
B  EEOR Y R IR 1.



1) Hah, EERBARI LA MM +31-
A1 RAE ERR D % A L YR

JEE WA BRI OIRI kI KISy B - IR

B 54.32 6.26 4.22 1.10 1.68 —
TR O64.72 7.68 2.67 2.16 2.23 0.07

e I I AL R AR R TR R A RN AR
G SR 2 AT, R SRR e 1 S
A RBVER . SRR A SR 64.72% , % &
AR A, e 4 — s it i I AU i SRR PR I v T
22 EFHMAEBRAEBNBERIABENEIZSH
L
2.2.1 EHFEBEBABERZRKE K1 HHH
5 A WEIRLIEE vy A oo 3R L AR AC P 8 00 57 5 I

6.0

3.01

2426 28 30 32 34 36
TR % L E/C
a)
477

4.6 —n
45}
4.4}

4.3F

TSR RS %

4.2F
4.1F

4.0 ! ! ! ! + !
0 10 20 30 40 50
AR B B /%
b)

W W (o)}
(=} wn (=}
T

I B IRG BE /%
~
)

44‘
=

N

f=}

> 3 4 5 6 7 8
kmﬁﬁm
Bl BHEAERE ERAREZHEL,
Ry A2 % I B B K R A R oR

w
n

NPT AT 4R s A TR L ety 3R AR e R
B AR P 0 48 A ) B o RS 2. R IR IR >
32 CJa RS L SUZ T R, 102 TR IR BE >
32 °CJa R A 1) e T 45 203 R 3% B A A9 2R A
FRACE R R LL 40% RHPRS IR B e, Z R 1
G5 MR > 6% I, RS BRGNS 72 32
R S0 DK P Bk T L 20 030 K 24z I A3 0 5 i 2>
JRG IR TR ML 2 (B Al i S DR 2 A AR
P, PR R A LS R A A AR,
{75 AT SR
2.2.2 EFEBERRBEXTRE R2HHNF
BERER AC R IE 2SI IR 25 2R, 36 3 O IE SR 4 2
()75 2253 H

A2 TREEMAHERBEER

= A/°C B/ % C/% KR/ %
1 28(1) 35(1) 5.5(1) 4.62
2 28 40(2) 6.0(2) 4.31
3 28 45(3) 6.5(3) 3.75
4 30(2) 35 6.0 4.26
5 30 40 6.5 4.44
6 30 45 5.5 5.62
7 32(3) 35 6.5 4.93
8 32 40 5.5 6.12
9 32 45 6.0 5.74
K, 12. 68 15. 00 16. 36
K, 14.32 14. 87 15. 42
K, 16.79 15.11 14.31
k, 4.22 4. 60 5.45
k, 4.71 4.96 4.77
k, 5. 60 5.03 4,37
R 1.38 0.43 1.08

k3 EFELRAE AR LR £ M
FEKPE BETHA HmE HE FH BEN

A 2.85 2 1.43  26.18 P <0.05
B 0.32 2 0.16 2.93
Cc 1.79 2 0.90 16.43

Rz (e) 0.11 2 0.05

BAICT) 5.07 8

FEF05(2,2) =19,F,,,(2,2) =99.

e 2 A 3 AT, LATERS BE MR FEh , & I
TRLBE (A) 152 Je R, LR Rl A o (C) R 33
REFERIL(B) , A ZE A BE(P<0.05).
PRI, 5 55 B P RS R I e A AR 7 24y TR
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32 C, 7R m S 45% , K& 5.5% .
2.2.3 EFREBERABEERZIRE VIHTRE.
Tt T2 T Tk 32 70 S T T 5 - T 17 1 T S PR A I
B By s an 1] 2 fi.

-/\

50¢

Sl I
o L o W
— T

BR/ (g 100mL™")

e
n

N

n

1 2 3 4 5 6
IR RS B2/ %
a)
5.5
:_\540 ™
o4.5
=
w40
’§345 - N
i)
30—
26 28 30 32 ) 34 36 38
it PR K B R EE °C.
b)
50 S
~ 45k / .\I_l
S0t
=
.35
&0
= 30F
pi5]
T25F
20F =
2 4 6 8 10 12
T TR T 42 o it/ 9%

c)

B2 AnkbiBAGE BEBR K BRI
B BR T 4 FF 2 3 AR B B PR R B B0 %R

HITE 2 W] UL, B WA TORS BE A b 2K I B
Boy AR i e R i iV . SR IR R E > 5%
Jai, PR R T D R R TR >
5% Je , TR TR PR 6 I 105 20 52 S 1 G . A et
JRESE Ry , TR A T B O™ A ) SR 5 B O (H Y
KR >34 CJa, R & T ah . e IR ] 12
Mt =4% )5, IR B TP 4%
2.2.4 EFERMBRABERKE WIFMERAL
I IE SR B 2 A ST 22 0 H o | WA 4 Rk s.

HIZR 4 nTHL, UG & o PO AR , W AR TR RS
JE (D) B2 R, FEUGR B R T 1 A (F) L
(E) st/ AR5 Dy Ey Fy, RIS H] 8570
W 5.0% , KR 36 °C, BRI B T4 0 5% i

i i 2 PR K S Bie FE
F 4 EREEERA R LR R
= D/% E/C F/% @/ (g 100 mL™")
1 4.5(1) 32(1)  3(1) 3.26
2 4.5  34(2)  4(2) 3.96
3 4.5 36(3) 5(3) 4.28
4 5.0(2) 32 4 5.58
5 5.0 34 5 6.42
6 5.0 36 3 6.38
7 5.5(3) 32 5 6.68
8 5.5 34 3 5.72
9 5.5 36 4 5.88
K, 11.50 15.52 15.36
K, 18. 38 16. 10 15.42
K, 18.28 16. 54 17. 38
k, 3.83 5.17 5.12
k, 6.13 5.37 5.14
ky 6.09 5.51 5.79
R 2.29 0.34 0.67
ey D, E, F,

A5 EIRBEEEBR A B LRI £ o

JIZERIR BV AmE WUiE F{H WM

D 10.37 2 5.18  22.06 P<0.05
E 0.17 2 0.09 0.36
F 0.88 2 0.44 1.87

R (e) 0.47 2 0.23

BT 11.89 8

2.3 EFBERESHST

2.3.1 REEHFRETE RAMNMAASG TZHER
FE RS 5, mARLL A, B IE R R i AR A
PR AN, T HADA RS 50k, TiEY, AR
M ICUCTEY) , TC ), T 68 | EL

2.3.2 BEBAEER AR ES.2 ¢/100 mL.
2.3.3 fEWIERR  ME R EE <5 000 CFU/
mL; K EE<3 MPN/100 mL.

2.3.4 EFBEERI SN 26 LAWK
P25 SE bR A 7 oK, 76 1L 7S R Ay S A )
AT T FEES N L, AR SR S E N 5.2 o/
100 mL, IA 3 [ X G 53 2 BRI 10 2K 4 3 D o
TERCEFRAC R R L 45% ) I8 S I A
SVECT S i, S5 IR LR 6.
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Wk, ERBAE T AN RL 33

P4 6 T, 57 2 o R L R 7 R 2. 8
TIEURE. LR Ao B B K I T AR
ORI RS H 45 o AT 9, B S R U
WIHHRETT BRI T k. et o il i
R R R e, L A 5 F it — 25
WF5E, AR W5 TR PR I RS B2

K6 EREA A D

e ey BZMW
BB (mg - g7") 0.459 3 0.538 4
AR/ (mg - mL ') 0.496 0 0.773 9

3 45g

AR SOR JH BT 2R 3K R O A a6 0 A e R
A A RIS R A T o B T 25 S 88, 19 B30 A K I8
RAE T2 R IEIRLE 32 °C iR U ikt
45% , K i RN 5. 5% 5 B R A e e A T 2 40
N RIERTERE BE 5. 0% , K IR 36 °C, S R 18
= 5%.

WG IG T LSRR I 5 TR0, 777 GB
2719—2003 Fr i TLAE bR e, AL B A 1% 58 £ I b
Jit, 1 ELRAT 5 5 S SRR AL, it — 2
Tl A= Jefit T BS AR

B2 3Rk

(1] EE®. %7 IW,.% WIXABBLABRTY
Frrm b L)), & B A 2008 (15) :31.

(2]

(3]

(4]

BEF ANMERRBEERAB I ZNEEL]]. F
V8 %k % ,2003(10) ;6.

MG A, REE, WM T 55K B KB XA M
T JE Bt RS M ey ®om [T ] 7% 2 4, 2005, 27
(4) .345.

Piao S L, Li L H. The actuality of produce and exploitation
of Fagopyrum in China[ J]. Advances in Buckwheat Re-
search,2001,80(2) :571.

WITCH, BT HRE,F ERZRBR SR A
A1) M8 Tk b 2 % B AR R, 2010,
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Sangnark A, Noomhorm A. Effect of particle sizes on func-
tional properties of dietary fibre prepared from sugarcane
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Cheang 1 K, Baillargeon J P, Essah P A, et al. Insulin-
stimulated release of D-chiro-inositol-containing inositol-
phos-phoglycan mediator correlates with insulinsensitivity
in women with polycystic ovary syndrome [ J]. Metabo-
lism,2008,57(10) :1390.
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W {5 2% e IR < w0 Fi) 2 B A 114D 55 M

vk, BARmS, AR, dAxs, AEE, K%

(l.zmRLEAF 2RMERAZER, =8 B¥ 650201;
2. 7w AR RY HFEE, =@ BW 650201;
.M ARLKRF AFEL, =¥ B 650201)

WE o4 R REA BT AR 6 30 B AR, A2k & F B (S. awreus) AR, K B A%
B 3 Aok A ARG I AR T5% LEART o 95% T BLAR IO 8 40 1 AR | A 1 A
(MIC) Fo AR A W AR AL (MBC) . 5245 R AT+ B3 B4R AU AR LA 4 ~20 mg/ml. SR Y35 S,
reus ¥ A HUIR 04 3 ROR , B AR G A 2 EAR K. 3 AR I T 95% TELIR B 04 47 R
=iE, L MIC 5 MBC 345 % 0.63 mg/ml.

KRR FH R A B Ak e B kA

HESZES TS203.3;R284. 1 XERARAEAG:A  DOI:10.3969/]. issn. 2095 —476X. 2014. 01. 006

Effect of Pu’ er tea extracts on Staphylococcus aureus

HAN Xiao-xi', XUE Qiao-li’, YANG Hua-song’, HU Yong-jin',
TANG Jian-mei', YANG Chang-feng'
(1. College of Food Science and Technology ,Yunnan Agricultural University , Kunming 650201 , China;
2. Library , Yunnan Agricultural University , Kunming 650201 , China ;
3. Department of Personnel , Yunnan Agricultural University , Kunming 650201, China )

Abstract : To investigate the inhibition effect of Pu’ er tea extract,the Staphylococcus aureus(S. aureus) was
used as test bacteria. The inhibition effects of Pu’ er tea extract from water,75% ethanol and 95% ethanol
on minimal inhibitory concentration (MIC) and minimum bactericidal concentration ( MBC) were studied
by paper diffusion methods. The results indicated that the Puer tea extract concentration within the range of
4 ~20 mg/mL had a strong inhibitory effect against S. aureus and the inhibitory effect increased with the
concentration. 95% ethanol extract on S. aureus inhibitory effect was more obvious,and both its MIC and

MBC were 0. 63 mg/mL.

Key words:Pu’ er tea extract;inhibition zone ; Staphylococcus aureus( S. aureus)

0 8= VEHE WAL TR T2 T R R R
- i AR W) R T IR R R R4 7 £

WA DA R MRS B N ROk, @ koK. R RAERAR i WA AT B, B N T A

WAS #2013 - 11 -17

BESTH: B4 KRAFLE4T A (31060270) ; % d 4 B A#H5 £ 457 B (2011FZ091)

TEERBN D ZE(1987—) , &, T T EREFTA, ZHREKFAMENR AL, TEHRF A DREEEY IR
BEEE:AARE(1972—), B, =@ A AREA, R LEXFHE M, 2 2R T QA I BB AHE K



14

HAR,EEERRBAN S ECHERE NP 35

Pz S50 B 52 2R B W B, HL el BRURRALE B & AR AR K
(A | T ELP= A 1 2 B Rk i R L 3
HET A — SRR B S R

T4 | e AR 22 D Y R AR BT 70 T ) 2
O 21 2L Bl Tl AR . R0 PR A 2 2
PR HAL T i Tolb A0 2547 8 BA R # T R
{1 IO FH T 5. AT 4000 3 JH 25 A [R] i U o <6 o
EHIHERR (S. aureus ) Y OR BEAT LLE AT,
DA FR T T At A AR 25450, AT R
LA A DREE R It — LE P O

1 eIk

1.1 M5

ML AS (BOE S ), = B B B AT
ABRAF AR S, awreus hy 7 F AR B SR
S8 AR ) S I AR R DA A T ARG R AR
BRI NEHETIEL.

8% : RE—S52A B e 72 A AN, TR I T = F1) 4k
A PR s FD—1D—50 A% R T4, b
TR R S I AN AR A R A ) 7™ 5 S20K pH 3, A A1)
- FER £ A F)77 5 LDZX—40B1 #4573 2 B #
NFEFK W Aw, LW BRI ER ) ™ ; SHP—150
TR R 240, AR A A FR A |l 7 SW—CJ—
IF B TAES, BINEL I & A R Al P75 ESI—A
HL R, TE PR B H 7 FRZA R 77 BR704782 1
RS, {8 [E Brand 24 F]™.

1.2 EHEFRIMBG &

THZEAE L 100 g Ry, ik 80 H . 1248 Y [
WA 1 210 (m/v) 35 50053 50 R 2848 7K T5% &
M 95% L. LAZEIR KA A i 42 i i), 80 C F iz
M4 hy HAR 2 PP RN IERT, = T2 4 h. 248
2 W, AN R R ARG T R EEE 15 8 A5 R
e, T 4 C kAP 4 .

1.3 MEIRENE

1.3.1 HERHE 4 S. awreus HF T8 i A
Rk I, 4237 °C 24 h fEiR GG L G, HGE A
BHER 7K ] A8 R B W 1. 0 mL BRI A B
9.0 mL JG 5 Az # AR 7K, 75 2 09 BRI R
10 57 BRI HEA TR BE AR B 4% 3 MR BRI, 5 WK
HRO. 2 mL, 73 I AR & A 5 55 B AR A s 772 1
RS, SRR AT S), T 37 C R RE 5% 24 h WER45
. PEERE A I S AN 35 75 0L HL 0 A 2450 38 ‘B TR TR
WA Ry i

1.3.2 BERTEOET KEAN O mm BT
R 4% 1 28 K s 53 0l 1 AS [l e 5 ) 3 95 2% 2 R
WOHEU 12 h, BURJEAR BT & A7 S, aureus
PSR MR TR AR, T 37 CHElEE SR 24 h 5,
350 E ST I B AR (R)
1.3.3 &/NERE (MIC)HNE 2 I
(817715, B 10 /> ¥k B2 B J32 110 35 T 25 42 IR 1R
Wi, 7 B0, 1 mL 5 9.9 mL #1360 °C % I7 5t
IRAEE). R IR HL R [ J5 , 78 35 97 55 3R 100 0 0l Uk
A7 0.2 mL S. aureus FHEW, T-37 CTF#EF5 24 h. )
1 AN BTE AR I IR L, 10 SR T I i 42
Brde Rz, B2 SO MIC.
1.3.4 SIRRERE(MBC)HME ZSMA L
R. Spencer iR i 5 125 T 5 3 1 A5 SR U X S
aureus Y] MBC.
2 HERSH
2.1 EEZFKRRWT S. aureus BIFSMM

AT e B R TH 2R K SRR S. aureus HII L
ROLE 1. B 1AL, B OK SR B R
2 mg/mL I Xf S, aureus Jo A il O Hh, HoHk BE N
4 ~20 mg/mL X} S. aureus HHRIENIMAEIER, H
TG R B AR AR BE () 1S RS K. Wk B2 20 mg/mL
mFL I B HARA%](14.17 £0.23) mm.
14
12
10

8_

T P8l B A%/ mm

0 1 1 1 1 1 1 1 1 ]
2 4 6 8 10 12 14 16 18 20
W/ (mg + mL™")
B 1 REREG-EF IR
5t S. aureus %5

2.2 EEZFETS% ZEBERIBYIT S. aureus HIFZMN
T[] e i XV 2E 75% ZBHRAR YR S. aureus
FIAD RSO UL 2. f 1] 2 RN, A () vk BE i 4 4 2%
XFS. aureus 5 A HIZL N, 105 B B4R 5 R E 2 IE
FHIG. W BE g 2 mg/mL I, #EE FEl A2 0 (8.05 =
0.29) mm; ¥k i 2 20 mg/mL I, 41l 5 8 B 12 N
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(19.85 +0.33) mm. 2
22 20
20 18 F
g
18 | »<TE4 16 -
\E 16 - %’1 14+
@ =
%ﬂj 14 =2
il 10 [
F12F
8 -
10 -
6 1 1 1 1 1 1 1 1 1 1 ]
gk 0 2 4 6 8 10 12 14 16 18 20 22
1 1 1 1 1 1 1 1 1 1 ] ﬂ(g/(mg'mL")
0 2 4 6 8 10 12 14 16 18 20 22
I/ (g - L") B3 RRR L% 95% LR
B2 KRR ETR T5% LR XS aureus 5%
HS. aureus #%4 2.4 REBFBIRME MIC B MBC
2.3 i 95% ZEERIBMX S. aureus KIS FAHRELARIINT 5. aureus () MIC Je MBC I

NI e R TS 95% L BRI XT S, aureus
ISR WLIE 3. H 1B 3 R AN [k B IR 3R 2
X S. aureus AR AAM A AE T, AN B BAR 5
JERIEA K. My 2 mg/mL I, 4T B AR A
(8.25 +£0.31) mm; 4y FiL%] 20 mg/mL B}, 15
ISRER et oyN

] 4 AN TR M BE 5 25 95% LI IR B W
Xt S. aureus HIME SR, T3/1—T13/10 #) 95% £,
PR S W 5 I 2 73 91 O 20 mg/m, 18 mg/ml.,
16 mg/mL,14 mg/mlL,12 mg/mL,10 mg/mL,8 mg/
mL,6 mg/mL,4 mg/mL,2 mg/mL. §11& 4 0] I, , FEiZ
PV BE (B, L XF S, aureus 1 25 SR 3 Wt
i,

L. NFR 1 o] L, A AR $2 W %) S. aureus 1 MIC
MBC FHE VT ; AR XT S aureus ) MIC J%
MBC By 25 R I : 2K A8 > T A 75% LI
BARY) > WIHAS 95% LEHZ 1Y)

3 g

R PSRN ) 50 3 TH 2 R AR ) O 0 T B0, A
SCRA A B A BRI (S, aureus ) S HEH, SR B
Y HOE S RS H 2R KR I T5% iR
SN 95% LIRS B ROCR | de /N T Ik 2
(MIC) Fi AR A W E (MBC) , 15 4 F 4518 . 3%
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Research review of biosorption treatment of the heavy
metal ions in wastewater using yeasts

MA Ge-li, WEI Tao, YU Xuan, MAO Duo-bin
(College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001 , China)

DU Cong-cong,

Abstract ; The biosorption mechanism , influential factors ,adsorbent desorption, kinetics models and equilib-
rium isotherm models of biosorption treatment of heavy metal ions using yeasts were reviewed. It also con-
cluded that the keys to realize the industrial application of yeast biosorption in wastewater were decreasing
the costs, simplifying the procedures. The future research will focus on the biosorption mechanism and the

optimum biosorption conditions, the immobilization technology of yeasts and the reuse or regeneration of

yeasts.

Key words ; biosorption ; yeast ; treatment of wastewater ; heavy metal ion
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Review of health functional foods for serum cholesterol-regulating

XU Chun-ping, YANG Chen-chen
(College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001 , China)

Abstract ; Starting from the analysis of the current Chinese dietary transition problem and the relationship
with high incidence of the diseasecardiovascular disease ,the main factors causing increase in serum choles-
terol levels and the cholesterol — regulating nutraceuticals and functional foods was reviewed. The diet
characteristics resulted in the increase of serum cholesterol were high-fat, high-calorie , low-carbohydrate
and low fiber compounds. The natural compounds for serum cholesterol regulation were HMG-CoA reduc-
tase inhibitors, LDL receptor activators, NPC1L1 competitors, intestinal ACAT inhibitors, bile acid re-ab-
sorption inhibitor/bile acid binding resin and CETP inhibitors. The cholesterol-regulating functional foods
included dietary fibers,hawthorn flavonoids,apple polyphenols,buck wheat, etc.

Key words :serum cholesterol ; cardiovascular disease ;dietary transition ; nutraceutical ; functional food
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The relationship between the appearance quality and chemical
constitutions for flue-cured tobacco leaves in Baoshan tobacco-growing areas

PENG Man-jiang'”, CHENG Chang-xin®, HUANG Jian-ming’, WANG Chao’,
CHANG Shou-rong”, YANG Ying-ming’, ZHOU Ji-heng'
(1. Research Institute of Tobacco ,Hunan Agricultural University ,Changsha 410128 , China ;
2. Hongyun Honghe Tobacco ( Group) Co. ,Lid. ,Kunming 650231, China)

Abstract ; The relationships between the appearance quality and chemical composition index in flue-cured
tobacco leaves in Baoshan tobacco-growing areas were studied. The results indicated that: 1) descriptive
statistics results showed that the flue-cured tobacco appearance quality in Baoshan area indicators ,on aver-
age belong to the upper level , nicotine , total nitrogen was in the appropriate scope , total sugar, reducing sug-
ar, protein and potassium content were higher and the chlorine content was low. 2) simple correlation
showed that tobacco appearance quality index had significant correlation with chemical composition. 3) ca-
nonical correlation analysis results showed that the Canonical variable significant difference at 1% level

(A, =0.8826"") ,eroup | (u,,v,) typical variables,a linear combination of reflect in a certain range,

5 HHEA 2013 - 11 - 08

HE2TH:. BRMEL £ AHEF AL LR B (110200902073) ;4r =4 M E (L H) X85 B (HYHH2012YL03)

EEBN : Z 2 (1970—) %, =H LA TA, HHRLXFREAR A, L FLTBRE(ER) AR GTAENSREIT,
FBHF R T 6 A A et R A

BEEE2IH(979—), F, ThE RN EA LR mmE(ER) ARTAENERLIF, AL, T LR @ HHIE
4 A5 @t R E RN



14

YIBIL, % AR KO JE AN UL B 5 L2k 2 ik R - 49 -

with the increase of nicotine, total nitrogen and alkaline nitrogen ratio, sugar alkali than the decrease of the

value ,the appearance quality of the tobacco leaf color and oil content has a tendency to increase; Canoni-

cal variable significant difference at 1% level (A, =0.760 7" ) ,the first [ for typical variable (u,,v,),

suggests that within a certain range , with the chemical composition of potassium, total sugar and the rise and

fall of chlorine,tobacco maturity with the same change trend. 4) grey correlation analysis showed that the

smoke and baoshan district tobacco appearance quality correlation was the largest chemical composition of

protein , total nitrogen ,total sugar and reducing sugar, etc.

Key words ; Baoshan tobacco-growing areas ; flue-cured tobacco appearance quality ; chemical constitutions
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Comparative analysis of volatile aromatic compounds in flue-cured
tobacco from China,Zimbabwe and Brazil

LIANG Ya', QIU Bao-ping’, LIU Xiao-xu®, DAI Li', GUO Lian-min®,
GUO Peng”, CHEN Liang’, ZHANG Jun-song'
(1. College of Food and Bioengineering , Zhengzhou Umiversity of Light and Industy , Zhengzhou 450001 , China ;
2. Hongta Liaoning Tobacco Co. ,Lid. ,Shenyang 110002, China)

Abstract ;: The difference of volatile aromatic compounds ( VAC) in flue-cured tobacco from China,Zimb-
abwe and Brazil was analyzed using the basic descriptive statistics single factor, ANOVA and principal com-
ponent analysis. The results showed that; 1) for all kinds of flavor material in flue-cured tobacco ,domestic
tobacco was less than Zimbabwe’ s and Brazil’ s, while Zimbabwe’ s had the highest total amount of VAC,
followed by Brazil ,and the domestic tobacco was lower than both; 2) domestic tobacco and Brazil , Zimb-
abwe tobacco had significantly differences in all kinds of flavor ingredients besides neophytadiene and fu-
rans; 3) tobacco integrated quality ranked as Zimbabwe > Brazil > Domestic.

Key words: flue-cured tobacco; volatile aromatic compounds; ANOVA; principal component analysis
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Application of Maillard reaction products in tobacco industry

CHENG Chuan-ling', YANG Yan-qin', LIU Shi-min®, SONG Hui', LI Rui-li', YANG Ruo-song'
(1. College of Food and Bioengineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China ;
2. Technology Center ,China Tobacco Shandong Industrial Co. ,Lid. ,Ji'nan 250100, China)

Abstract ; The application of Maillard reaction products in tobacco flavoring, tobacco sheet ,tobacco biologi-
cal technology etc. were reviewed. It was pointed out: the quality of Maillard reaction products should be
improved , flavor substance should be developed similar to leaf color,fragrance and natural aroma, cracking

and flavor aroma of coordination in the suction,which could cover the miscellaneous gas,and make people

feel happy in aspiration in order to produce nicotine,replacing harmless Maillard reaction products.

Key words : Maillard reaction product;cigarette perfuming;tobacco sheet;pyrolysis
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Studies on rheological behavior of paper-making
reconstituted tobacco’ coating liquid

HU Jia-wei', RAO Guo-hua’, GUAN Chuan-li', SHI Qi-lin',
ZHAO Rui-feng’, LIU Xi’, LIU Gang'
(1. Guangdong Golden Leaf Technology Development Co. ,Ltd. ,Shantou 515100, China;
2. China Tobacco Guangdong Industial Co. ,Lid. ,Guangzhou 510145 , China)

Abstract ; The impact of time ,temperature and Baume degree on the viscosity of sizing liquor A on the ba-
sis of paper-making reconstituted tobacco product A was studied. The results showed that, with the increase
of flowing time , the viscosity of coating liquid A increased gradually when Baume degree was over 25°Bé,
while it had no influence to the viscosity when Baume degree lower than 25°Bé; and Baume degree had
great influence on the viscosity of coating liquid. It could be concluded that the following favorable coating
conditions should be satisfied for paper-making reconstituted tobacco manufacturing; Baume degree of coat-
ing liquid was about 24 ~25°Bé and temperature was 60 ~65 C.

Key words : paper-making reconstituted tobacco ;coating liquid A ;rheological behavior;viscosity
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Design of automatic testing facility for
thermal shrinkage rate of tear tape for cigarette

FANG Xi-Ling', LI Xiao-lan®, LI Zhi-gang’, LIU Dan', CHEN Hai-ou’,
HUA Chang-yi’, LIU Yong’, RONG Xiu-ying', LI Xu-hua'
(1. Technology Centre ,China Tobacco Guangdong Industrial Co. ,Lid. ,Guangzhou 510385, China;
2. Technology Centre ,China Tobacco Guangxi Industrial Co. ,Ltd. ,Nanning 530001, China;
3. Anhui Institute of Optics and Fine Mechanics of CAS, Hefei 230031, China)

Abstract ; In order to improve the measurement accuracy of thermal shrinkage rate of tear tape ,an automat-
ic test facility for thermal shrinkage rate of tear tape for cigarette was designed. It was put forward to use
tension sensor to determine the tensioning state of the tear tape for cigarette in both sample and measure
conditions ,and use displacement sensor to monitor the change in length. The designed device was used to
test thermal shrinkage rate and according to the test results, this device had good accuracy and repeatabili-
ty. The facility could meet requirements from this test method.

Key words :tear tape for cigarette ; thermal shrinkage rate ; automatic testing
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(F#% 718 W)



%529 % 551 AMEBTULEERZ=HR(B AR FEM) Vol.29 No. 1
2014 42 H JOURNAL OF ZHENGZHOU UNIVERSITY OF LIGHT INDUSTRY ( Natural Science ) Feb. 2014

XEHS 2095 -476X(2014)01 - 0070 - 04

T HHDEFE T B e hr DA 1 2l o
AR =S

(LAMBEIL#KE &G EN TR, Tl MM 450001;
2. MBI ARFTENE LMEE, M % 455000)

IR, EEF, B

FEE A AR A A L RTEAN 2 b 22 RID A HEN R AU A 5 ILAE A A 9 A, X
KDF2 Je e R A MA A X AL RIAT T it £ 22 ROTH LR L4530, AR TR T
DAL E M FE, AL ABRNARES L2 LA B EREAN, T A AR B ERFAL E AL
F¥ A 3.84 mm,iEZ 0T 1 mm, TAE KR T B ARG R AR RS R IER R O IR A8 R
T JEAE A R 1k 3] 99.44% VA k.

KR KDF2 b i B AU A & AL A AR e

MESHES . T3 XEFRER:A  DOI:10.3969/j. issn. 2095 —476X.2014.01. 014

Improvement of positioning technology of cigarette filter rod spice line

ZHAO Hai-juan'?, WANG Wei-jiang’, LI Wen-wei’, WANG Yu-fang’, GAO Xiang’
(1. College of Food and Bioengineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China ;
2. Anyang Cigarette Factory,China Tobacco He'nan Industrial Co. ,Ltd. ,Anyang 455000, China)

Abstract ; Aiming at the problem that the cigarette filter rod spice line was difficult to achieve accurate po-
sitioning when it converged into the tow nozzle entrance ,according to KDF2 filter rod forming machine, the
spice line positioning technology was improved. A positioning hole was arranged on the tow nozzle bracket,
it could get into cold bonding room directly converging with tow. The spice line could adjust the export po-
sition. The improved results showed that, the fragrance line location value of incense linear filter rod was

3.84 mm on average, the error was less than +1 mm. It completely eliminated seam open phenomenon

when the spice liquid was mixed with hot glue. The qualification rate of filter rod reached 99.44% .

Key words : KDF2 filter rod forming machine ;spice line positioning technology ; cigarette filter rod
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Zl’l2+ % %EI]L. Fe3 04 m%?ﬁ%ﬂé*ﬁ%ﬂ'ﬂ
Hil 25 Je Xt Zn® * W BHPE REAGRIF 5%

REE, #E, WEE, KM, FEWFR, BN, KiEHxR, I
(BMBT V2R HE5ETRSRE, 7 &M 450001)

FE . RA—F 00Uk, A ZIn" A BAR, R B A RIEF) B & T Btk Fe,0, — BB K AP it 4

T, oM A X - HEATH A L rh s ki R E ST FE F R R ST AT M AR

AE R R R T BHMGEE AT pH, Zn’ " 14 3R 3B F 3 R M AR 00 ol IR T A R F 4

/%%%éﬁ‘ﬂl‘ﬁii%%'i FIEREN : e RBRIFHOEENRETR®E, BAKE Fe,0, 89K §h %2
AR ETF P ERBEGESTHH10.2% ;pH =6 A4 B RGBE MWLM, % In*" WL K EH

200 mg/L BE, AR B R K, 2 28.9 mg/g; BAKIR A A TR 69 34T, PP i T A 4 BT b

PR 4 BT

KB 20’ ;Fe 0, 5o BAE PP i g KB T 5 R B R

hESHES.TQ589;TS201.273  XHEFRER:A  DOI.10.3969/]. issn. 2095 —476X.2014.01.015

Preparation of Zn’* ions imprinted Fe,O,-CTS nanoparticles

and the research in Zn’* adsorption properties

CHEN Zhi-jun, HAO Ying, YANG Qing-xiang, ZHANG Xiang,
QI Lian-huai, TANG Kai, ZHU Hai-yan, WANG Dan
( College of Material and Chemical Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China)

Abstract : Fe, 0, -chitosan ( CTS) imprinted nanoparticles were prepared by one-step coprecipitation using
Zn’" as template and glutaraldehyde as a crosslinking agent. The nanoparticles were characterized by X-ray
diffraction (XRD) ,Fourier transform infrared spectroscopy ( FTIR) and thermo gravimetric analysis ( TG)
respectively. The effect of pH ,initial concentration of Zn>* and temperature on adsorption of Zn’" was also
studied by atom adsorption spectroscopy ( AAS) and finally the adsorption of various heavy metal ions was
discussed. The results showed that the nanaoparticles were successfully covered with chitosan, and their
original spinel structure hadn’t changed. The amount of chitosan was about 10.2% (wt). The suitable pH
was 6. When the initial concentration of Zn>* was 200 mg/L, the adsorption capacity reached its maximum
value which was about 28.9 mg/g. Decreasing temperature benefited the adsorption process and the nanop-
articles showed selective adsorption of zinc ions.

Key words:Zn"* ;Fe,0, ; chitosan ; imprinted nanoparticles ; selective adsorption
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Effect of zinc electrodeposition on the surface of negative electrode
on the properties of nickel-hydrogen battery

ZHANG Xia', XIA Tong-chi’, DONG Hui-chao’
(1. Pilot College , Beijing University of Technology ,Beijing 101101, China
2. He'nan Provincial Key Laboratory of Surface & Interface , Zhengzhou 450001 , China)

Abstract ; Zinc electrodeposition was introduced on the surface of hydrogen absorbing alloy electrodes. The
morphology and electrochemical properties of the electrodes were characterized by using scanning electronic
microscope (SEM) , cyclic voltammetry, electrochemical impedance spectroscopy (EIS) and galvanostatic
charge-discharge tests. The results showed that after zinc electrodeposition , the electron transfer rate on the
surface of the electrodes was accelerated and the contact resistance decreased ,thus resulting in a polariza-
tion reduction of the electrodes. Furthermore , after zinc electrodeposition , the charge voltage of the batteries
decreased ,the discharge capacity at 1 C rate increased by 15.3% and the discharge plateau voltage in-
creased 22 mV ,the charge-discharge property was improved obviously.

Key words :zinc electrodeposition ; hydogen absorbing alloy electrode ; nickel-hydrogen battery ; charge-dis-
charge property
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BEAY5T  RAE IR R AR L, T8 5 e il i s
TR A A H A . I R B AR B AR T2
WS 4 FEAR SR T R A7 PR B B A0 3, % P U L R
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W, A% A 6 mol/L KOH 7K ik , 20 i = Fa MR 44
A AERZE M S A HE 20 mV/s, B4
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TR SR AR 0.5 ~ 10° Hz, s8R 5 mV,
WFFE HL AR R L A 509% (DOD) [IE S A 4 HL .
1.4 mitp)Hl &R FTHE TN

AP A ip i 1 I S0 4 M AR R B8, R i B vl
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Study on rheological properties of hand cream

WANG Tong, LIU Jian-xiu, WANG Geng-hua, ZHENG Yu
(College of Mechanical and Electronic Engineering ,Zhengzhou University of Light Industry , Zhengzhou 450002 , China )

Abstract; In order to get viscosity evaluation parameters of hand cream and provide reference for its pro-
duction by using AR —2000ex rheological testing machine , the rheological properties were studied based on
experiments of viscosity-shear rate and oscillatory. The results showed that the viscosity of hand cream
droped significantly in low shear rate, but the viscosity was low and tended to fixed value in high shear
rate. Within strain interval of less than 2. 0% ,hand cream was in the linear viscoelastic region. The storage
modulus G’ increased with the increase of strain,and the loss modulus G” increased to a maximum value of
308.4 Pa at first,then decreased throughout the test period.

Key words:hand cream ;rheological properties ; viscosity
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i R A0 A2 A BR S |7 5 k.

1.2 HFEHHE
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FIERET 4% |, 1L BLBET PR RS AR B TR 3% , R A LM
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N, FSEUEFLATR E .
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AR B AR S I AKAR B REFLAL 2 HI 2 40 °C
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FHIZEE TA AUHF 2 /) A 77 ) AR—2000ex Ji
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Study on whiteness and hiding power of one-layer heat transfer ink

ZHANG Zhe-shuai, QIAN Jing
(College of Mechanical Engineering , Jiangnan University , Wuxi 214122 , China )

Abstract ; Using thermal transfer label white single-layer hot melt ink as the research object,adding differ-
ent kinds of titanium dioxide,different dosage of titanium dioxide ,ultramarine blue ,hyperdispersant,filler,
whiteness meter was used to test the ink sample whiteness and determine ink sample after printing in black
socks whiteness as ink covering power indexes. Experiment results showed that the performance of the tita-
nium dioxide ,the amount of titanium pigment and ink thickness of the coating had significantly positive
effect on the ink whiteness and hiding power. The R — 706 titanium dioxide effect was the best when the
dosage was 50 g,and the ultramarine blue , hyperdispersant , filter had little significantly effect on the white-

ness and hiding power.

Key words :one-layer heat transfer ink ;titanium dioxide ; whiteness ; hiding power
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Fast intra prediction algorithm based on picture feature for HEVC

GAN Yong, ZHAO Xiao-rong, LI Tian-bao, XUE Feng
(College of Computer and Communication Engineering ,Zhengzhou University of Light Industry , Zhengzhou 450001 , China )

Abstract : Aiming at the problem that high efficiency video coding ( HEVC) as a new generation of video
coding standards increased the computation complexity and influenced the coding efficiency, a fast intra
prediction algorithm was proposed. It used SAMD value and the depth of the adjacent encoded block to
screen the block type selection. The experimental results showed that the algorithm provided averagely

40.95% reduction of intra coding time compared with the one accepted by HMS5. 0 with unimportant loss of

PSNR and a slight increase of bite-rate.

Key words: high efficiency video coding( HEVC) ;intra prediction ;video coding
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R0 BT, G o T 0 R R P
RGeS S5 (HE  HEVC 6355w v BE i )

W imHEE 2013 - 11 - 15

IS I TR R BT R A 28, A M T HEVC 19k
JEANRFH. P, 7E R4 HEVC i 80R AT
A R AR SR ) 2 2% B B T O IS DR AL
T AR SR H — bR ot A S0 50 3%, L)
G fit T a] , 32 = AR

1 HEVC i py T

1.1 HEVC w184y

B — AU b vl HEVC A5 R T3 T e 19
AT AR B 1R, 5 R IR
Bt Ty FARLE , BB T R R BB 2 &

ESWH: BRAAAFEAALTB (61302118) ;5 M 42 Tk S 121 4 £ 457 B (2010BSJJ006) ; #5417 A3 4] #1 B Pt X

I B (112PCXTD344)

YEERIN 5 5 (1965—) , 5, #Ady B R A A M2 T PR, W+, TR T QAL H XA R AL ML
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H 5, % T B4 By HEVC e ol iy T 5 % -91-

iy A

iz kit

BEME

i
Wik

ZH | i
g | B

B
o7 I8

I JIL

Faigia

B 1 HEVC % #4E 8

¥y, g pb a4 3 AR5 : G i 50 CU (coding unit) ,
Fi | 885G PU ( prediction unit) F145 3 8357 TU ( trans-
form unit) . SCFF43 B () B F4 X B ST R A AL
FEHA AN, CU S AT TP B80T 18] Z A5 i) B A B
JCHL, B H. 264 RS HES. CU REGZ R IE
JiiE HRGE A 8 23R x 8 K 3 64 2K x 64 &
2, HA RGP 64 4338 x 64 153K 1 CU g Rty
Hi50 LCU (largest CU). CU £ J\ LCU FF 4338 5 4324
B4 AR/ He, — B AT R 40 3] 8 &R x 8 1%
R, XTI R d CU SR AL T N
F 35 VY G B IR 25 4. TR JE depth K 3R 7R 38 17
i CU R 73WRTE, 5 X LCU PR depth =0. 24 CU
HE—L X3 4 A CULENTRRSHZEA CU By 1/
2, I depth = depth + 1 AR UGB AR 73 F %, BT
CU WRAT A 8 1R R x 8 R depth =3 ,3% CU ¥%
ATRAREE R 4y, 3B T 25 A A 2 Bt B s
PU {URTE DY SUR 5 F Y 5 AR B CU X Tt
T, PU (19300 53 345 2 FRSE, B 2N x 2N FEN x N

depth=0 0 1
N,=32 (2N, Ccuy,
2 3
y
oN, L — ANX2N NxN
0 1
depth=1 CU
N=16 2N, 9 3
2N,
depth=2 U - .
N,=8 [2N 5 |
2N,
depth=31_1 cu,
N,=4 2N
2N,

A2 CUXIx4HTER

(HH N HBUE S 4,8,16 5 32). & T CU #l PU
Hb A T —Fp 5 AR A B AR DG I R OT R TU, H
K/NAREM T CU RS

1) B 5%, SRIREG IR L depth =0 FT 4]0 Y iz
RS ELTTC LCU, FFxF HgE A7 Wt P4 2t 15 , T 55 40 iz
15K AN IE N Rdcost 05

2)8RJE 0 LCU #4731 R0 73, Rl 53l 4 4> F
CU(depth =1) , 53 5|%} 4 4~F CU #EA7IiN b5, 11
B4 T CU YK EAUH B H A K BAU AiC
A Rdcost_1 , %5 Rdcost_0 Fl Rdcost_1 , Y4555 /INMELFIF
Xof 7 At A TS A S LCU i e A S0 485

3) [, X depth =1 15 CU PR B PR
2) W d FEIHEE A8k FLARAY , It X 107 1Y de £ 03000
B, HEF CU WIREE depth =3 k.

FEF PP VL5, g i 2 7 2L X BT A CU,TU
M PU HATEMEA G BN BT R, X — 1R
FERT Y . S E LAY S, HEVC it Ny T30 5 [m) A 57
5 35 B, b — 208 1 b A% 1 HIR A AR . ik
b SO R KEGE A R RS CU 47 4 6%, 2L
FRAZ Je i XIS S /N RS CU AT 4y, v B %
B X R RS CU B4t , 3548 S ik a].

2 it ENAR G PR A T

2.1 EF SAMD gyt %%

3EFE HEVC WPy 2 B 1], A 4 — > 2 B BT
MISCHLER B, R4 B E A R KR
CU #4749t , ] DABE Al o 1k 488 Ak % 0 #2. Sk
(5140505 LT DC K B e 15 5 ) () S0 B ARe P
FWRIr 22X, AR 3K SR T — b B B R IR O i
ARG SR RS B R A 210
(SAMD) , iy & R SRR
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FERE X SAMD Z i , Je i A B R ey -2
R AE. R SAMD {E5L/N, B EHR B R 5
IR FRAEZHTY 22 AL/, s % R e iy S
Fe T, T LR R RS CU 47 4t s Je 2z, W
VO R SO LB 2%, T B |, R
F/INRGE CU 34T 4.

SAMD = 3 |pel(i.j) - Mean]|

1 ..
Mean = Numzi,jpel(L’J)

ot pel(i,7) RFREUGIES (1757 7 1 LR R,
Mean F7R BB A QR AE , Num FoR BEHE
EJutdie 8
TERAL S OP MR BL R, A B %t 64 14
R x64 2R F 8RR x8 RE N CU BRI E T I
T2 AR, AT e BUR i B8 S % Sk 6] HEAT
TE SCIR . AR 2 A A e FE bR 2 TR
XtF 64 3% x 64 4 E M CU B, 2 EF B{E N
T B{E SAMD_Tx =170QP +1 560
{LI‘EEME SAMD_Ts =1 040QP +18 720
XtF 32 2% x32 R E M CU B, H R BI{E A
T B{E SAMD_Tx =90QP + 870
{ ' B{E SAMD_Ts =760QP + 13 680
XtF 16 2% x 16 4 E Y CU B, H E R BI{E N
T B{E SAMD_Tx =300P +290
{ - B{E SAMD_Ts =260QP +4 680
X 8 152 x 8 {4 211 CU B, H T HfE N
T B{E SAMD_Tx =12QP +116
{ - B{& SAMD_Ts = 100QP + 1 800
Fie B B3R S, 43 CU Bl SAMD A, 4
SN T B SAMD_Toe , Ul i W PRI 45 Bk 2 [ g 1% %
EARZE R, SCHH HG 45 57 40, W7 LA 42 3R D 24 i Bk
HEAT T 2 5 5 2, DU S5 I 6T 45 e 1 45 e o
SUP AR A T A AT R R 4. T,
S 418 £ B ke A0 X 7 25 ) Bk £ 94 R R AT —
SAIOEAIL
2.2 EFHEBHEBRIREDH
SR 114 EL AT AR S B 2 1) R DG T 40 20
He 2 1] N 5A B 58 1 AH SC . 283 8 AR AT — Wi
FIILTE GBS el BAHIR B9 CU FR g i CUP . %
JEF YR HEDH CU 5 HIARC 4ifigte CU FIXf 5 CU
ZRT A B FE X 4 5 PR T 1 AT ot N AR Xk PR
BT, 1 253 3 36 24 i CU 5 8 Bl 454 CU I 2 1] Y
Xt HE ST 2SR/ CU 40452 75 3 6, I A L 75
Wit 2/ CU s B 2. 45 CU bR 8 an ]

3 Fiw.

X R
CU

a) Fif—mi

AL | B |4k
CU CU CU

A EL
CU CU

b) i

B3 An4r CU AR CU =& B

BRI PEA R A0R : w ek 2 A CU AH 4R
Mgy, in/esh CU . bk CU B Fi—mixd i CU,
LT TREEFR R T 241 CU BREE, W B6H] 2415 CU
SO RN EE SRR AW A )y CU filgy b
75 CU BRBE -5 21005 CU TR BEAE Lua, an e wi & A7)
KF T J5 &, W] LUk — 25058 5 CU 4075
JEE A, 38 A HNRSE CU #1745, T Bk i %) >
i CU By TR A8 2R, BT AT 2 s S
2 M E R AT, X 4 i e A ARk 4.
2.3 ZEEEEREREZSW

WL UA AT A SO AR AT

1) JH2Y HT CU Sy SAMD {8, iR KT F I
{EL SAMD _Ts , W) Bk 32 %5 4 i) CU B g i, B 42 Bk 31
4) AR /NT R BIE SAMD_Tx , W BkE 3) 5 75 0],
T —%;

2) KB AT CU By iR B, 5 AH4AR CU KXt
CU (VR BEVE FLg, an SR Al 48 CU Bt Ry CU fy I
K220 CU, Nk X > iy e i i i, Bk 4) , 5
MIEAT T —2

3) SR FH XY A BRI I %ok IR A7 T g 1, R
JE k3 5)

4)XYET CU #E— 243 B, SR Ja X 3L 4 4>/
PEAT T G B

5) G5 HCY R 2.

TFEE LI 4.

3 SERESR S0
R HMS. 0 SHHAEER KT 6, % 4
BRFE45 30 MURIATI, i AL 250 OP 42510 24,

32. MIEEEMELL | e R dm i Bt [a] 3 A7 T HL 4
Pk vk 55 08 HMS. 0 i bERE .
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ﬂﬁﬂ

[ 18 4 RiTCUB 19S4MD |

INFSAMD_Tx KFSAMD_Tx

(B dcu i r g |

HHAB CU BT R CU
AR M CUTRE

PIETES
T 5

BN

B4 HErfLA
A1 ALHEEL HM5.0 #rbik

k2 BAFIIEL2A QP THFHRE

als VRGO AR sy
L2218/ dB FE{H/ % () 2246/ %%

Vidyol -0.0385 0.585 -51.97
Traffic -0.02 0.115 -37.615
BasketballDrive -0.016 5 0.01 —47.08
Racehorse -0.024 5 0.035 -27.13
1 -0.024 9 0.186 -40.95

B G AR gt
g A JHEER LATE

Vidyol QP=24 -0.031 0.72 -51.05
QP=32 -0.046  0.45 ~52.89

Traffic QP=24 -0.025  0.11 -37.01
QP=32 -0.015 0.12 ~38.22

BasketballDrive @P =24 -0.026  0.01  -44.85
QP=32 -0.007 0.0l —49.31

Racehorse QP =24 -0.023 0.09 -26.12

QP=32 -0.026 -0.02 -28.14

EOEEARIZE LS HMS. 0 M K (E, i EARIZA
55 HMS. 0 AR ELI/ME, T ).

MFE 1 FIFR2 ATLIA M, 5 HMS. 0 A LL, 04 {H
M L S 2 08 /0 0,024 9 dB, Fb 4 2R W fl 38 i
0. 186% , 4kt it ] SF- 44 i /> 40. 95%

4 Zhig

T AR SAMD fEL R EE 85 24 AT 4

CU FIAHAS CU MTREL, B T — Bl T RS Y
HEVC R bt g B0 5805 10583l LA Bk G A i 22
FROERFTTIN , 548 Gt it 8] 5 JE5 A B, FE DRI
W FEAS AN AE B SR AT T, i 5 i 18 1) il 1, Dok
DT I ] A R R R T AR AR
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— M BAT o Rk Dy e b B i SR DT ik

F, BEW, Katk
(BNB TR HHNERE TRER, i M 450001)

WE. AT HAEERIBERETORAP ,ELT —FRAL T WA k-means F= I & T 32K 5
TR Tk E T ERER P X BAZE D E BT A MEEER | A6 k-means F ik 2t A
FPHRATFEERE RERENETH RIS A P HIBEAINEE, KA LFEZHRI I %
AR R ATR R AR P RE. FREREN, Z xR sk e mi, St AL ik, F— 2
MBRIRA, THTREF LB KXFEE P RN b 54 55

KEEF) . KBTI k-means ; X B TAHL; BB IEF

mESHES . TP399  CHEEREAG:A  DOI:10.3969/j. issn. 2095 —476X.2014.01. 020

A SPIT recognition method with refined classification
LI Xiao-jiao, MA Ji-ming, ZHANG Xiang-mei
(College of Computer and Communication Engineering ,Zhengzhou University of Light Industry , Zhengzhou 450001 , China )

Abstract :In order to screen the spreading spam over Internet telephony( SPIT) user,a recognition method
was built based on weighted k-means and support vector machine( SVM). This method built a communica-
tion network model according to historical communication activities of customers,and clustered semi-super-
vised by weighted k-means algorithm. Then it equally selected part of customers data from each classified
cluster as the training set and finally processed the rest data by using SVM method. Experimental data
showed that this method could make the classification more refined and had forecast function and certain
ability of machine learning. It can be used for the discovery of important customers,relevant customers and
service recommendation , etc.

Key words : data mining ; k-means ; support vector machine( SVM) ;spam over Internet telephony ( SPIT)

HH R 25 L R i T S B

S — TR AR U 3

0 515

Bl = Ml AR R, Do 26 L TR E SE PR
T A 20T R . 4 R L R T TR
i ST, ISR S A T8 200 I R AT 0
TR T . 5 55 AR L, 9 45 H 3 1Y
PRI 2 iz F B I, AR 55 B8 4 T EL AR A% AH 6T
fHE.

K18 SPIT (spam over Internet telephony ) 42

W HS EHA:2012 - 11 -29
1EEEN:

KiEATH, jtgéﬁiii;&ﬂ?mlTﬁﬁ%%ﬁﬂ%ﬁﬁ%ﬂ
ROV 55 25 0. AT, S5 3108 & DL A Sy P 4K
BCTB, BB LA 56 T N 2 4o i 14 R A
RN T7 0 X LA ST A e SRU3 B e 1o 45 L5 )
SR, B I 2% R e R s 2 e il ) A

2009 4, iy AE AP S B
PEHBERL, HTIASC AN 28 DL 307 70 5k 4045 A
SERAAPUN B 3, ER R, (AT 2R /Y

FR(1987T—) %, T B KRB TA L F N 82 T FERRAMEH A, LB R 6 A RIEAT .
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FNR, %A B o K o R I ELRE E R T & 95 -

2255 BT AP RE. 2012 4F (A B L
REMIE R ZIEE X ZHNHAE A 5 K R
TS i ik AT, S BN 7 I v B B, X A
AEPART SR 7 A P, AR ZAb 2
VEURA L. F AR 4 O T A5 A A 0 A =
VolP S35 i axb U AR TR, 32 {5 2558 A6 70 (9% = P 4
SR EM PSS gk TR R RS
Boyer Moore 155X, VT it 582 125 1 A1 6 4t ok 208 % 14 17 3%
TR AN T 2, FZ O A TR A VL L 5 22 5 2 1
I a], T ELSE b T 3R A ORI o e Rl
A L T WL

OF b AR ] A, A S DA SE o 3 1 i A 2 A
PRI P 0 S s @ M, AL k-means 119 77 154
JRPEARRIAY 23 2 ] — 28, g — 2R v Bk et 7
PR SRR AL U 24, 2 2R3k A5 )1 25
BORY, FHAS B I R T o F P i 3 26

1 A k-means 83k

1.1 {54 k-means &%

BRI R LR A2 7 5 1 — i, AR B X
P Y ESEN NI EISRESVETIOE & W R AP S il
R KT G AR AL T 2HL 8] 1Y X G2 AN [a). 20 A £%) AH {1 Bk
K 2L 1) 22 1K, SR A ) A B0 o
DU G IR FR R B, ) G2 18] 1) B BB/ N 378 X R 1Y
FEBLRE B, A AT B —41

%55 k-means B3k & — T fi] 500 B 2 A 2Ry
MR A n DEHRX R EEESE X = (X, X,,
L X b P BERLIE$E b DEEA SR w0 iR P
Bt A=A Ay AL HRFEAR SZA08 S
H SRR B i RO 5, B0 B — A R AR
R AN s ARG AR B AR A A B rpul R BRI B 8 22
SF-J5 AN B TR U B BT 0GP0 AL, BB R L
AR AR
1.2 70 k-means &%

1R GE ) k-means FEEEAE JEXF R h AN E RETE
RBAELBEPEIEA AR, M5 —FR, &
AN R A T S A AR e A )
A SR B X IS5 R T B A R, Rt
T B AT k-means FEEETHEFEA (L Z [A]HE 25 1 A 2 h
IMARCE R 5, B 5ok A PR 24 5

d(Xi an) =

et h

d'(X.,X,) = Ji W, x (X, - X;)*
Hop W= (W, Wy, W) W2 25 A @ P AUE (H
a8
2 SHpmENAL

T EF AL SVM ( support vector machine ) J&—
FPEETGeit 2 ) Be RPN 7 5, TE M DR/ EE
A AR S A U R BV 2R A G
e, IEREREHE) 1 T 3 ek AR UL B S5 HA B 7 2T )
AU SRR R ALEE B4R LS, DU R R 53
KUERE, T4t S ETR TP & QTR TS T2 1
@Fﬁm-

SVM A i b —Fh o 25005, 7 00 R A0RE A R
A LGRATE n 4E25 [AVBCHE A5, Gl X 26 g 43 1 4>
n =1 YER TR AEAS 5003 T, 334 - TR0 o
PR R oAt IR REHR B 158 T A [F] 2 1 54 A
Vi) B S5 KRR AN TR, IR 4 31> 53 2 e U R hy e K [
B o2, TR0 BT T B PN A 2 A HEAEAT
R TR, 43 AP T 2 A1 A7 8 P T 1 B 8 A
KA ABE A7 8 T 8] ) B 5 5 ] BB K, 43 26
A BN TR ZE

SVM B AT RE AR B S AN R A G 00,
S A 5t A A, R R R S B A b S
FHRAL BREEEZ M 5328 B B WIS R — R 7 35, i TRy
RLeRECA A A R B 22 T A% eR I A58 1) A R
$5 Sigmoid 1% BREL. SR A% oA B 7 12 ) 5 4E 2 [A] Bk
SPIF AN A S A BT, HA Rl s ik 1 4E%L
GEMENR . % bR B TR X6 43 2P RE A 20, A% o
HOM FE SBR[ g i o2k fgt .

£ Matlab B35 47 SVM 1Y AH 5CI2 5%, R H]
19 TH A& LIBSVM.

LIBSVM {5 F 2 B2 -

1) $2 i LIBSVM SR T 2R i U AL B4
L

2) MRS AT IH— A

3) — e FHAR ) LA R AL

4) RAA AR RS ¢ 5 g;

S)RMEAESE ¢ 5 g MEEDINHEHTII
95 AREL SVM #5705

6 ) I TR BB A RS R4 100 1 5 o).
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3 SPIT 5k

3.1 REEERARPEN

e F P EAE T O AR R 1 [ 3R
BN AN S P A F A B A
B ZIE At A $8m B (2 i sk 4. TG
FFH S A @R, & @ e L.

D) JRBERRE C ) — T V) 14
RERZELC o) 55T A AR TS 2 (8] 97 14 340 1 B8t B
DA T s 2 18] 7T L i H Py e R . a1 e
IRL,ALBLD IX 3 AN Y SR AR IR R B IR N 23,
1/3,1/3. {8401 A, B, D 55483 3 ARE A e
A P RR A 22 T A LB 2R 0 . R, ey T AR 2R
FEWET R A1 2R R A R, B3RO P SRR
ERRBE/NTIER H.

C=2/3, Trip=1

A1 BNERAHA AL EE T

C=1/3,Trip=2/3 C=1/3, Trip=1

2) =AM R Trip g« P AR P BA
SIS TRLE A5 P19 A FE . 1B R P AR A
[0 5 (4 T A B, W) A2 22 Tl Al — B 77 AR a1l Tz
BV FEAE AR IT f il , B 852 158
R EE, PRI P B = A s R AR T e R
JU TN AR SRR R AR B R B 0L R, = IR
AT LA — 2L WP R R 0 S R . A
1B, 40 6 B A 1 D B MR A R il S R AR 4K
TRl B =AU RN T DU A D A
[EEEERIEN e

3) FEAWFI R G i A EE AT IR Y 1 A B
A A @ B RSB Z L, R O F AT . 53
PUEREA 0P 5 — A A T2 BEPL kT
T, PR BT 0 i S 0 R AR

A)ARAT /AW A AT HE A YRS 1 A
i AR AT YR L AT/ H W R B35 P 4R 4T
SAESIULENTY 6 -3y a7 AU NIV ERTY i & S )
ARAH NS SIF  F TS, BT ABISR R P 4k
EVEE U SOl KENET

5) F-REAR I A : § AR 0 i B A

A8 T IR B SRS X 08 7 R i . S PR AR
TG R EE T B0k B B3 AT 0 i i il e
LT ECHE 1, DRI 7 3O P 4 Sy = A 3 1 B G A
2 LR
3.2 Bk

510 BT O TR RAZ R E
JE AT, T S0 BT A 1) Ja M e B 4 43 A
0, PR T RS X IR R STmR 5 T, AR B /MK
WONJEE 1T (RS RRE) B 2 (=ML A
), @PE3(EE R Bk 4 (KT %) ,
JEYE S (PR IR ), HALE B 0. 35,0. 25,
0.2,0.1 F10.1.

o1 FJE k4 BB A 7E[ 10,51 ], /P S i %k
{E/r A TE[38. 13,156.79 |, Ho @ M 24/ T 805 T
1, 1M k-means A FREA 5 22 1] 1) W B 2 4]
T R TAIARARAE | B 5 R 10 i P 2 53 Wi B g ) W
HIMERAYE , I RT S AT 0 — . 2500, T A e 1
H—EEIX A [0, 1 ] FefE.

552 0 0 R IR B A T I AR A R 1
k-means B35, i 6 Y AT BE S I P4 S TIR A
ZEMTE AT A, AN R fA] B b SR 45 R 40y 4
WP AAERL IR ATF 2 28 T SA AR 7028, &
ZRRIEVOE BB 10 BB W31
10 HEHE R E ek 1, @k 2, J gtk 3, J @ 5 MEUE
AERTEE /NI S 1 4 BIAELAF X R A 43 2 1 R vl S
WA

55 3 20 NPT BE BT A PR AT AR AEAY
HY k-means 53, Ui 1 B2 A P A
3.3 #EIGE

K SVM 1) H 12 FH & 23 28 8 m 2745 )1 2k
BN SR I N SR R T B &l A 3.2 5 g 2|
1910 D or2erh e BN Rt O TR B BE 0,
BEALICEEAN Y 273 HIP i A IR 4E. I 2575 2
YIGRAEBY, SR I PN A 20 0 ) 4 4 3 28 1 K
.

R ) FE pREVE A SVM A% pRE, DI 25455 Y
S ¢ il g RYREIR, 5 HI A SCRAIE ) 7 v S8 ¢
g T W9 ] A HBUIEL, 6 4% RE A% 35 3] o s B ik
SRR SR ¢ BoNOIRAE IR AES R X
FEMUR RS = 1 ¢ 2 80t LA A 0 & 4.
TESEPRERAE R, ¢ Fl g BB — R [277,2"]. &
b RIS, S T 4 R SR AT I ), SCRE PR IE
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Bl MSH VU FIEAE[ 270,27 ] A Bl Pyt PR 0
Y e Fl g

4 LIRS0

SIS TS ALEC BN  HLEL R HP Pro 3348 MT,
CPU Jy Intel Core i5—3470, 45k 3.20 GHz, NF%
14 GB, NAESIZ 1 600 MHz.

SEEEE K IR T 3 000 44 P (8 i Al 3t
£ 2.024 x 10° ZBiGICE, B F P vk i 2
WMTF R ERZR N 0.622 8, =ML SR N
0.971 3, E MEI KK 0. 541 2, $k /407 K K
1.466 2, F-YmiEEHE A 97. 340 7 s. Ab BRI 9 4K
424 Matlab R2009a, T H.£1 4 LIBSVM-mat-2. 89-3.
4.1 BRERS5HH

ST FH P A7 AL k-means $15, 453 10 4>
o328, B2 T e o 75,157,330, 330,
242 111,515,455 ,245,540. F K& B MEIH—1L
J& PPEBIE AN 2 FR.

1.0

0.8

0.7

Z 0.6

on

jF_

RS U TR

1

1T 0.5f

H—1k

0.4
0.3F

0.2

0.1 I PR AT HE T R B3 I I
43 1
/

1]

—0.1L1 1 I 1 1 1 1 1 1 ]

ESil|

B2 10 AN P26y Bt as i

M 2 ATRAE 2600 1 P E S R AR P 1
TR PRI R e, S R AT R RO,
PHGIZ I S 38 P 9 AT REAE di K, LU 2R
2, 250 3. M5 9 AR 10 f)-F-34 56 5 R K
KRBT H T A a5/, N E AT IE 7 T 19

A RetERCOR.

I 1Ay 75 U, Dt — A MRS 2 1]
52 K280 1 TSR 2G5 #4490 9 a,b ¢ 3
AN REEE R R B — /N L N0 50
3,57 Fi15. /NI PR AN 1 P, Hohy
A a IR BBV =M R e,
IR R, S B R AT/ 3 W AR K, i e m] B
P, YR/ b Al e, B a] BE/NAL a BYSF- 2
SRFI ARG/ HRS /N b A e Z2RIR/N
/N a Fl b HE60 A, K 2% .

A TREIEON PR A

xky £IF PHCA VIR Yo o
RRH B BAE SER £/ R

a 0.5356 0.9549 0.4559 2.4297 51.5007
b 0.5686 0.9704 0.4497 2.0533 63.6012
c 0.5836 0.9780 0.4321 1.4929 66.627 4

4.2 SVM &ERE54

e B R R 04 28 SO IE 1) T 5 2 B R
SVM S8 ¢ =0. 25, =0. 062 5, X Ji (11| 2 A5 784 ()
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Fie BRI 25 4 45 2 19 B A J U s 4R, DA
k-means LA IC I KR 5 NS IR, 5 K UER FH
97.097 1% . 1 F55 J¢ H A HIE WP L6 F P 2 57 3%
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A, PR3 2 oo o U S A, (H R A R 45 R
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U, AT DR BE AL X 3 000 44 F P LA AR To AT 2%
A P AT AT B B W, 1T T A 28 Ak AR
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5 5B

ASCHEST T —Fh 5T N4 k-means F1 SVM [y
WU SPIT J5 A4k FH P %) iy skl {5 3 gl i a7 i A5
TR AR, T INAL ) k-means 5235 X7 F P 47
P WBHRIE IR B2 4 5 S BGRR 3 P 8K
PEVERINGRAE | SR FH S HE 1) S AL AR AT U 2R 7 LA
T s P B 127 AN R T U P A R
W P FAEBLIR A 7 2 R I AMEBEA R 1E
BRI P oy 28 S gk, 1 BA 0 U fE,
B — ML 2 e J1. 73 4h, %07 i fli A
7L AR P AR, AT A5 B R A 2 A I
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A AR B R ML R AR E A AT B n R EAR L. FREREN, b
CluStream #B b, R FH iR A B2 KB 2R & 3 BARXT T 249 N 5.
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Improved data stream clustering algorithm over sliding window

XU Ying-mei
(College of Computer and Information Technology ,Shangqgiv Normal University ,Shangqgiu 476000, China )

Abstract ; An optimization algorithm DCluStream was proposed which processed data over sliding window.
The method adopted online-offline clustering framework of CluStream. The real time of the data object
coming and out of sliding window was introduced into the characteristics of the cluster, adjusting the win-
dow size reasonably in the limited memory resources environment. Using the time decay mechanism on his-
torical data could reduce the impact of new data object,which could get better clustering results. The exper-

imental results showed that compared with the algorthm CluStream, data processing efficiency of the algo-

rithm was relatively higher with saving memory.

Key words : sliding window ; data stream clustering algorithm ;time decay mechanism
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Lf X XD A TEAL X, R X, (5 T 4.
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If(D(X,,CF) >R)
{If(n=M)
{6 IF A0 BE R T 09 2 MR RAFAE
n=E R KL E ;|
MBEMRE, A HMREFMEF T — Tt
ATEF
n= iR ELE ;|

Else
X, AHEECHERITHAA MR X
CF %
If(At - AT >¢)
W' =W-AW;
Else if( —e<<At -AT<sg)
W =W,
Else
W' =W+ AW;
i on;
End

2.4 BEREHEZE

B2 H o A L TA) Be i) SRS 45 R £ X
FURY AT LU AE 26 2R 28 [ BRI A Al 2R 28 D kil 1
GIEES B NE-3 TSRRORT € £ 3 pari P 1
37t Ry BT AR Ul , 45 20 AH RIS [ B P Y 5 SR 2K
B ey 0 S 2 NG TR]E, I RIR B (EY €.

RIESLEAE
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HIBE ¢t 2 S E ik BB A

ooy B2 BEE S R AR N L 20 SR

for 7& ] 7 WP 77 0 00 B — MR K AR AE CF

W(t) =03 2" = —C 5 <o R
t=0

REYER
FRAE T2 AN E HEAT R 5
endfor
& Jil k-means 5 & X W 7 B9 4R K AFAE HEAT
RE,EREANKE;
End
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Batch management system tracing
the cigarette accessories’ smallest packaging unit

LU Hai-long, XU Xiao-shuang, WANG Hong-lv, ZHANG Zhi-hua, WANG Huan-wen
(Information Center ,China Tobacco Zhejiang Industrial Co. ,Lid. ,Hangzhou 310009, China )

Abstract;In view of the characteristics and requirements of the tobacco industry, the first batch manage-
ment business model of the tobacco industry that could trace most of the cigarette accessories’ smallest
packaging unit of the whole supply chain was designed. By using the service-oriented design methods, it ab-
stracted the batch management function into various batch services and selected the batch management
technology components needed to design. It finally developed a batch management information platform,
batch bar code management subsystem and handheld applications,and deployed the corresponding bar code
printers and handheld devices. Application showed that the model achieved the full life cycle digital man-
agement of accessories’ smallest particle size and supported precise quality tracing and production machine
feeding error protection,all of which were of great significance in improving cigarette product quality.

Key words : batch management ; barcode technology ; quality tracking and tracing; SOA architecture ; smal-

lest packaging unit
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