
� � � 48 � � 23 � 2003 � 12 �

www.scichina.com 2451

���������	
��“
���”�����

� �*† ���† � � �	
 ��
 � �‡

(��������	
��
, �� 100176. *���������������	
��
. †����, ‡ !",
E-mail: zdsys@sina.com)

�� ��������	

��
�����������
������������ !"#


$%&���	
'()*%+,-�
�	.&�/)*0123456��78
“9*:;”<=&��

>?“9*:;”@@�23�A�BCD69*�����
��� EFG$�456���HIJ

K$LMNO, PQRSTUVWXM�YZ[. \]IJK$ K-12 ^�	
_ Sf301 -�� ORFs


`abc(EFG$ 4Z%d
�	

�. <efg, hi* 16% ~ 22% K-12
 ORFsjkl*

�EFG$
�	
�mnop, �EFG$
�	
�q)rs 2800Ztu
ORFs, 
�(�9*


“9*:;”. �Yvhwxg, >?“9*:;”�yzJ{|$}~���������
�A
�.

�., �* 20%
 Sf301-�� ORFs��B�T�� 3Z$,�, �g(�$,d�	

���6

$��
�����.

��� ����� ���� K-12 	
��
�� ����

��������	
��
�������

�������������	�� !"��#

$	�%&�'. �(, �)*+,���-.��

����
�	/01$2345������6

7��89:;<=��	�� ,  45���>

?@AB�	CD�E[1,2]. �3 DNA-DNA FG	

HIJ(Microarray)KL [3]MN/0���&OPQ

RSTH�%���UVWX$�YZ.

[\]�+(Shigella spp)��^_M`ab�,

cd[\](S. dysenteriae)ef](S. flexneri)eg](S.

boydii)hi,](S. sonnei) 4jk-, l[\]� A,

B, Cm Dk-, nopqrstuv`a. `awx

yz, {|w}~8��	��Dq��)[4]. `a

b�;��b���A������ , �3���

�	67��}� , �j�����`ab��$

���s���b�,��M 3j��	�. �� 

¡¢M`ab�wNAj£¤	��b�¥¦§¨

©ª«X 7 ~ 8¬­�67®¯U	[5].

°±t²U³���´J��	[\]�f]

2a301�(Sf301)[6~8]µM,¶, ���·X|¸ 3jk

-	¹º�, »¼½$ Sf301#��m�v����

b� K-12 MG1655��$ ORFs (open reading frames,

s¾¿)	³���ÀÁÂÃ|����U, �Ä�

�ÅÆ��Ç$	��b��� , l “ÈÉ´

J”(backbone sequences), tÊ6)ËÌÍÎÏ	6

7ÐÑ , ÒË45�Ó��°�>;�Ô?@�Õ

Ö	CD�E , �×MNØ°z¢Ù ÚÛ`ab

�	v��VWÔÜÝÞ.

1 �����

(ß) ��;àá. [\]� Sf301e`a 1 �

CN51197�(Sd51197)hg] 5�CN51227�(Sb51227)

â8�a�ãäÚÛ8åDq�ãäÚÛST�V

W; i, JD46 no���(Ss46)â8�æ%;�%

Ûçèé�VW . N�êëìíàá�zî·íï

�ð,  ��½ñ�ò	 LBàá�83 37óôõà

á�ö, ¼3����� DNA.

(÷) HIJ. ��b�K-12 MG1655�	³�

�� ORFs	ø%âù���ú&STû(BBSRC)	

üçST�VW, c½ Sf301 #�� ORFs 	HIJ

(Eco-Sf301)â°ýþ�Û�²U. ÀÁª 80ó��

�é, 1,2-Î���	
©, �� 2 min
 DNA��.

¼ Cy5-m Cy3-dCTP ����	 Sf301 ; MG1655

���;�ÇFGÂÃÄB�ì.

(�) ��� DNA��. ��� DNA	V·


¼ Wizard� Genomic DNA Purification Kit (Promega),

ª��-���V6)Ë�7.

(�) ��Û�;FG. ��� DNA 	 Cy5-.

Cy3-dCTP (Amersham)���¼ Bioprime DNA labe-

ling System(Gibco), ª QIAGEN ��	 Qia-quick

PCR Purification Kit�7©, � 65óFG�ö.
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(� ) ��;�Þ�� .  Á¦¼ 2!SSC,

0.1% SDS"#, 65ó$ 2!5 min, %��¼&!, 0.2

!SSC �'$ 2!5 min. ��()8*+,P¼

QuantArray� Quantitation -.é/, 02t�ÃÌ

Í. �$	FG1�2 3 ¬, 34,P$ 2 ¬53�

67	8<=9Ô.

2 ��

2.1 �������

MÌé´J/:;Pm�¨�:3FG34	

<=, >Æ¼ Sf301 m MG1655 	��� DNA ;8

?���@ABCÛ�	 Eco-Sf301ÀÁ6DXÇF

G [6,9]. ØÞ9:	�Þ , EF/0���&��	

Eì}� , G$HIJKLM´J	�¨��3

80%, N¶;FG	´J;3 80 bp ×, OPQ�R

�34. Þ(ÌéXR�34	�6w: 3S/ > 3;

34,P> 1200; 34ÄTU > 80%.

^�; Eco-Sf301ÀÁ6D DNA-DNAFG, /

0X`ab�8 Sd51197, Sb51227h Ss46��	�

���U , NFG©	��(zlsTVW}�X

���Y�Z[
�(( 1).

2.2 �	
��

��������

DNA-DNA FG��Eì[5, �X Sf301 #�

� ORFs, K-12���	 ORFs, ��ÂÃ	���	

�\]Y�Z[
�(( 2). Ss46 ; MG1655 	qï

^���U_M`a, �|½$	 3816jORFs8$

3569jw K-12���	, ��Ý¬w Sf301, Sb51227

; Sd51197, ÅÆ�½$	 K-12 	 ORFs ��M

3508, 3290 m 3285 j. 4 j���Ç$	 ORFs M

2974 j , �UX[\]�+	“ÈÉ´J”, |8

2864jM K-12bc	.

; K-12 �/, � Ss46 �#��	 102 j ORFs

8 , d�A� (84/102)efgPhi�% (Function

unknown, FUN), gPèé	 17j ORFs��efX

¶;A*%j¹k	 mhp lmnth�o0p A k

�	���; � 77j Sf301#�� ORFs8, 12j$

ãÃgP	 ORFs �UXIjlmn, ��ef¶;

�qMmÎrMs¹k	 glcCDFGB lmnhtu

vwxyz{	|Mz}pÑ~ ; ® Sb51227;

Sd51197 ��½$ 23 m 27 j#�� ORFs, ref

FUN��.

G$�� 20%	 Sf301#�� ORFs´J�|¸

3j���8�ÂÃ�. 7:@�	w, ���“ÈÉ

´J”8�X�i;��]����Ð	 sitABCD[10]

(�3 Sf301 	 ipa��)�, �cd)j²�	 ipa�

���, ®|¸� Sf3018è�	sP	���r�

Y�3|¸��8. ��, ;|�Ax O-ñ�FU

�Ð	��]Íýw��/���#��	.

� 1 Cy5-dCTP�������	
 DNA��
���������
(a) Sd51197, (b) Sf301, (c) Sb51227, (d) Ss46
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� 2 �����������	

���� �

A� Sd51197, B� Sf301, C� Sb51227, D� Ss46

2.3 ��“����”��	
�

���� , �����	
��
�����

�����“����”, � 2864 � ORFs ��. �

1917��� !"#$%&� ORFs�, ' 992�(

)*+,-./, 01 947�� FUN23, 456

789:,-./;<=>(http://www.kegg.org)?

@AB8#$%&�=> . C'“����”���

 �=>��:�D���#$EF(function core),

@!"GH:�IJK=��LMLNOP�QR

�"S. T 1�U:“����”�,-./�=>�

�?@) K-12�VW.

X��,-./1, “����”�YZ[@A\

]=>^ , @� !"�_��L`ab�cd7

efg, � DNAhijklRNAhijlmn23l

opqr23lop)st;<>uv. “����”

��'#$%&�=>w��T 2, x@�y]!"

;<�=>JK:hz.

3 ��

DNA {|�}~�LM��������g .

�=�{|��VW=>��� , ������"

+��\"+�����=>����������

y]��� , {|���������Z�=>�

��=>���, � ¡g ORFs f¢£¤JK=>

�VW¥, �$	
U=>�¦ §¨l©ª«�¬

­l=>�7®�?¯°±=>²³���v[11]�´

µ¶�·¸¡g¹}~JK�VW=>���º�»�

! 1 “"#$�”%&'()�	
�*� K-12���

�������	
� ��
��� E. coli K-12

����� 104 141

���	��� 48 68

���� 66 95

������ 104 125

�������� 186 268

���������� 93 124

����� !��� 147 164

"#���� 222 278

$%"#���� 64 79

&'��(�) ��*� 16 24

+ !) �,-� 48 72

./0123 8 26

�45� 51 55

6789� 17 17

:�;<=23� 36 52

>�?�@� 6 20

ABCD� 18 36

EF;G� 74 87

ABC;H23 154 192

¼:½¯¾'¿À�ÁÂ[12~14]. 45�Ã� Sf301Ä

��
Å�=Æ��ÇÈ:É\�ÊË���Ä=>

�{|� , ÌÍÎ:\Ï���ÐÑÒ¯ÓnVW

?TÔÕv#$=>�����.

Ö_�L`�\�;x×Å�ØÙ�¥ , YÚ

nJÛÜÝÞ�¹ØÙ�L�ßQR=>cLà­,

�áâã]LMOPQR�<ä,-./�?)Ø

Ùµ�JK"Så$æoç�=>. ���è�, �


����ÑÒ��é“EF=>�”Z��ê 3000

� ORFs, @�áë����� ORFs ¢ 2879 �, Z

�:XìíL�åîoïQR� htrCå lnt1�'ð

ñòó��������ØÙ�L��QR�=>

(http://www.genome.wisc.edu).
��_����¯+#$ôõ�,-ö÷ , �

�()y+,-�=>²³���_���$'�

��, �T 1 ��, øù“����”��',-./

;<=>²³wú� K-12 ��, ·()=�LM,

-./�=>��ûü¸Ãý�. 01, “����”

�Yáâ:=��þ���;<=>.

����c� , ��f¢=�,-���áâ

�“����”��E��23=>�����	�

w' 2 ~ 6��v�¬­, � rpsK) rplX=>��'

4 ��	�ü
'�	
U, ������	
�n

#$���=>�QÅ��f¢,��õ��;<

=>, �Y'��J\��#$����òó.
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hrpB, hrpA, hepA, yoaA ATPIJ)-K= yeiO 4LM;H67

ruvAB HollidayN�O-K=P# fepE QR�!;H67

dnaB �S/ DNA-K= feoAB PQ;H67

dnaC TU5�S67 narK, nirC PV�W;H67

ruvC HollidayN�O��= molR, modE X�W��/;HYZ67

hns, fis, hupA, hupB DNA-N�67 dcuBA [\) C4-]^�W;H67

priABC, dnaAGT _`567 fucP ab4;H67

umuC, umuD DNAc�=d gltS e/f"�Wg;Hh567

topAB, parCE DNAij+k= uidB l4m�nh567

gyrAB DNAK;= galSR op4qr);stSu

recAR DNAvwxyzC67 ygaG {|}G( 67

recON,radA DNA~�67 nac ���;s���

mutLHS �#�G)��~�67 tyrR ��"#��*;sYZu

uvrABC ��~�= gcvR �"�0�);s���

recF ��~�67 treR �b4��);s���

alkA, ada �#� DNA~�2367 deoR ���0-);s���

rpoSDEHN RNAc�=�� rbsR �4��);s���

slyA, hypF, rtcR, nadR, rfaH, cytR ;sY�67 metR ��"� ��*);sYZ�

greAB ;s���� argR �"��*;s���

nusAB Nqr��67 rob � !����u�z���@

rho ;s� �� ;s¡¢u

nusG �;s� *0 lysR J"� ��*;s¡¢u

rnd, rnhAB, rnb, rnc, rph, rnpA, �4��= melR £]40-��;s¡¢u

vacB, rnt, rbn uidR l4m�n��;s���

nth, nfo, nfi, nei, endA ��¤�=¥,¦,d,§ gntR l4�Wqr);s���

sbcBCD, recBCD, xseAB, xthA, xni ��L�= trpR U"� ��*);s���

rimIJK, prmA, yjjT, �4567~¨67 arsR ©�@;s���

frr, rmf, rbfA �45YZ�� ascG ���;s���

ppiABCD ª«-¬"«-­®¯+k= sdiA >°0�;s¡¢u

pth ª#-tRNA�-= iclR ±m�²³���

infBC ªv´µ�� fur Q¶·Y�67

fusA, tufAB, tsf, efp ªv�¸�� crl ¹B#�;s¡¢67

prfABCH ªvº»�� ilvY +¼"�/½"��*;s

pepET, yfhI ª= ¡¢u

def ª¾«#= asnC ¿À«Á ��*Y�67

pmbA ª*Â67 chaAB ÃÄ�;HYZu

dsbEDG �Å�]���Æx67 fadR �Ç���YZ�

dsbA ÈÉ67]���+k= nlp, malIT, sfsA ÊË4`ÌY�67

deaD, dbpA, srmB ATPIJ RNA-K= gutM, srlR ÍÎ4ÅqrY�67

clpX, clpP, clpB, lon ATP-IJ)67�-= thiCFGHJ �Á ��*=P#

htrA, yaeL, ptrB, ptr, sohB 67= nipBCD, spr �67/Ï5

rfe, wzzE, rffAC, wzxE, wecF �Ð4 ��*67 yeaA, msrA ª6"�PÑÒÓ=

ompAWX, tolABCR, phoE, pal, LÔ67/Õ�/�67 ordL, ucpA \�ÒÓ=

lolAB, slyB, blc mdoGH ÈÉlc4 ��*67

aqpZ �Ö67 Z ymdD lc4 ��*67

tolQ ×Ô)¤Ô67 himAD ÕyØ|��P#

acrABDF ÙÚÛ�@67 xerDC ÜÝÞ+@ß"�zC=

marABCR Ð� !�@67 cutCF àáâãä67

emrABDKRY, cmr, mdl, mdlB, Ðå�@67 htgA, dnaK, htpG, hslJUV, æ¡67

msbA, ydhE, cydCD, acrR, pmrD hscA, grpE, ibpA

rarD çè!�@67 uidC Ôéê67

ampH, mrdA, dacABC, pbpG ëè!N�67 sppA ¤ª=¦

mepA ëè!ìíî)°ïÉ DD-¤ª= pyrH ð��¡=

bcr ñòè!�@67 ung ðóÚ-DNA-4��=

tehAB Pô�W�@67 purR õö����*���

sspAB ÷ø/ùú67 zntA û�ü�ý�þ;H ATP=

asr ���67 hlyE ��! E
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#� (� #� (�

osmBCEY ��}G67 hha ��!��YZ67

damX �	}G67 thdF 
�y�
\�67

pspABCDE ��5��67 arsB ©�

cspCDEH ���67 arsC ©�WÒÓ=

hycCDE, hypA ����=P# mtgA  ��*)ªc4;4=

fhlA ����=;s¡¢u birA  �!�*���

hycA ����=;s��� bioC  �! ��*=

moaABCDE X�ö��� ��*67 bisC  �!PÑÒÓ=

ahpF �#�\��ÒÓ=P# yaeS ���«�:�W�*=

moeAB, mog X�ö ��* ppha �"�/�"�67:�=

hyaDEF ��= 1���67 clpA �"�67= ATPN�P#

hybABDEFG ��= 2���67 degQ �"�¤67=

hyfBCDEFGHI, yffE ��= 4P# csrA ���YZ67

hypBCDE ��=��=�*67 cstA �ùú67

hyfR ��=;s¡¢u slp �ùú}G)LÔ67

napHGDF, ydiT, ygcO Q\Ò67 yabM 4LM67

trxAC �\Ò67 sgaE 4+k=

fdx [2Fe-2S]Q\Ò67 sodB Q \��!�=

ybhRSF, uup, yjjK ABC "�;H67 ftn Q67

yfhS 3-#$�;H67 fhuF Q\%�W;H

ynhD ATP-IJ);H67 phrB ¾\�4óÚ&��=

dctA C4-]^�;H67 cbpA '( DNAN�67

chaA Ca2+/H+);H67 ahpC �#�\��ÒÓ= C22P#

mobAB X�ö-*õö]��� ��

*67 AB

cycA D-$"�/D�"�/�"�;H

67

kefB K+
�H+);H67 btuB � ! B12+5Ï5

rhaT L-,-4: H+g;H67 csiE ./0}G67

corA Mg2+/Ni2+/Co2+;H67 selB 1�o2"«Þ+@����

nhaAB Na+/H );H67 div >°0�67

gabP γ "#3�;H67 fic >°�467

araE 5674�É�g;H67 mesJ >°È067

amtB 8;H67 acpP «#h567

galP op4�É�g;H67 mutY 9õö DNA4#�=

pheP #"#$�;H67 dps :;<= DNAN�67

fadL �v�Ç�;H67 ispB >+?]@#]:�W�=

pitA ABy@:�W;H67 bolA �â` ��C�u

aroP ��"#�;H67 bglJ DEn/�Fnqr¡¢u

proP ¬"�/GHI;H67 hemY �J!�*67

glpT �K-3-:�;H67 ccmD �J!8967 D

kefC f2�ªY�) K+LM);H

67

cysQ P��W�*) 3L-:�9�-5L-

:9��

exuT M4m�W;H67 mdaB å�¢@YZu B

pnuC ��/õö/óÚ;H67 fucU ab4���67

nupCG ��;H67 nrdG [\�4��ÒÓ=¡¢67

trkH N;H67 eutC ±ÅÁ"�-=Ov

tyrP ß"�Þ+@;H67 accB ±« CoA^�= �!^#h5

uraA ðóÚ;H67 tldD tS CsrA)tS¢@

mtr U"�Þ+@;H67 IMP ���u�@

sdaC �"�;H67 spy Ó ÉP�*67

tdcC �"�;H67 intB Ó��5 P4Õ�=

csgD csgab���;sY�67 sseB QR�"�íî@

cysB CysY��));s¡¢u brnQ Sv"#�;H23.h567

exuR exuY��);sY�u plsX �Ç�/:��*67

yfhT hcaT;s¡¢u lipA ���*=

fucR L-ab4qr);s¡¢u mukF UV��

lrhA NADH¾�=;s��� torT ÈÉ67Ï5

pspF psp���);s¡¢u degS ÈÉ)�"�¤67=

cutA ÈÉ]WÃÄ�X+67 ebgR β-op4�qr);s���
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���������	
��
�����
�

������, ������� 4 
��
�!"

#$%&'()*+,	��-./012. 34,

5678
9:;�<=%>?@AB,	127

CDEF%�9:GH . IJ,	��KLMNO

PQR	STU�V	WXKLY�	SXZ[ ,

�\]*��^V\4 , _`abKL12�c\

def7��ghEFijO�klm�n<=.

]*9opqbrXgHstuv�wM , 


��
xy�z7{|�d}~|��o��7�

�: ���
��
���7}~��|���; �

�����	��i�%�i:��
�}~��

�y, i|��; ���}~������. ��O

�� �¡y¢9 12--V���£¤\,	

¥¦§_`¨©. ªe, X�� 3 wM, Sd511971

2-%«¬­®*¤OPQR	STU-	�¯,

	��°V12; ±7 Sb51227
 %>²³?@´

+Yµ¶·�¸¹KL12 ipaABCD d,	QR	

STU12 . �\1º��
��
<=�»¼�

QR	STU�-V½c¢9�³�
��
¾³

l¿�.

12�ÀÁÂÃX12¾q¢9*qÄgÅ1

2-mH%“ÆÇvÈGÉ�ÊËÌÍ. 7¾qvm

H(Î*8
7uÏÐÑ%g�ÒÓ�12-V�

1ÔÕ, 4Ö DNA ×Ø�ÙÚ7ÛÅË�xËdw

MÜ�R�iÝ%ij*Þ�O� [14]. ßà12-

�	áIâ¿� Sf301u�v� ORFs+ã\Ü�ä

�^å�7, (¿*B
æºçÐÑ�ètv, >�

éê�{|��q2��[7]. �% sitABCD12ëd

Ü�ä ipaì�7º�³�?@�
 %, í@B#

$¤½>�7º
��
��îïR�
 % , ,

	¿�*
��
�âð�ñMmH. ± Sf301u�

v ORFs%� 80%7��
 %ò²³?@´, �¿

�*¡
 z12-��Yv�Bó8
�ôõã

öv . Õ÷aø£P<=���
ó¡ydîïR

z�9R��ùúôõ1Ô.

ûüýãçgÅ12-�þ½12-���«

VdÛ���w��¨�t� , £�56�	¦§

çgÅ�
Ö�mH\d���{|ÌÍ.�

�� ������� Jay C. D. Hinton�	
��
�

���, � Sacha Lucchini, Matthew Rolfe�	�����

����� . ��

���� !"#$%&'(()

* : G1999054105)+��,��"#$%-' (()* :

2001AA223011)./01��23�4
��01 (()

* : 2001AA223116)�5673�01 (48* : H0102-
10360119).
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