
!]�!^FM!
!)-!JA$P?=-!
!+-A.4.(!

!�-8A-!+89h!9h$M!
j,8!<!A8A



!"#$%$&#&$'(#&($)#*+$*+,-$.*"/$)(&0102$/($.&,345($67$89- !"Y  

_(9`(

#,43<��=;37Ev #R3��-./01 #3��A #U3V #,��B�W. #o��0-./B #�C���31 #53��1 #UP
#UP#H��V#U.P#bC��r7#R3��-./01#E.#bP3`c��9.#3��A#H��TA.U#UP#2P3��;E#U30��]A#23��4#?;PF6i7
#�34#���9#�3��4#D/[07#C��0�-�#6��-U.P#U.C��B#,��@73�J#26��:A#bPU#2G3��A#23��4#�;PU
#�3��4#Dv#C��;3�-#F#��RU�#,43<��=;37Ev#nUI��A#_/��7#�26��:4#H��MV/W#�3��4#HACL
#2.U.P#�6:��}3A#,7#D.U.6-3c��]>#FI��O#�3��J6[�#H��V#R3��-./01#o��;.#$6��-.#bPCV#P3��X;.
#U/��Vq7#R3��-./01#�3��9.#o��;.#C��A#$6:c��]4#H��c\3;#w��73�J#U30��]A#,��Y��#jc��]09
#§26��07.3-#�?��=1F#�PUP#C��0�-§#6:;3��}/W3-#RG3��1#E.#2U30��]A#¤.UP.#H��A#UP3��B
#Hc\C��=0>#D.U.6-3c��]>#o��;.#o��;I<;3O#234#j��]0-3LU.#E.#bP3`c��9.#.q��S#F#bP/��A
#234#j��]0-3LU.#,��939.#,��Lx;F#$6��}3A#,7#o���[7#o��;I<;3O#23��4#_FU#E.#,���;
#w���\#�Z��@T7#o��;I<;3O�#bP/��A#,��V.UP.#RU6��B#6��B3\#H��V#?��9.#o��;.#o��;I<;3O
#P/��}#,7#U/���J#H��-/L#o;.#C��=A#,��-/:V#j��@�#3��A#H���:;.#w��B.61#3��;#�6��0:0YA#.U#h��;
#$�6��0:0YA#.U#h��;#w���\#�,Y��]-#o��;I<;3O�#6��-U.6-#,��;G3A#,��V.UP.#RU6��B#H��V
#�,��@73�J#26��:A#bPU#UP#C��JG3A#D3��430L#�34#j��]0-3LU.FC�07#E.#bP3`c��9.#�o��0:M[4
#Z��A3TJ#a��;.I\.#����3A#6��-./J#,7#b6��-E#C��0f#,;30[0��}§,�;I0\#23r[c��]09#F
#o��0-./B#6��:gC4#$P/��}#R3��-./01#E.#bP3`c��9.#b6��::V#U3YO.#o��0-./B#3��A#R3��u0uiJ
#o���0S#�6��-U.P#b6��-E#U.P#bC��r7#R3��-./01#E.#bP3`c��9.#C��A#2P3��;E#U30��]A#6��0V3J#U/��Vq7
#j��]0-3LU.#�FC���07�#h��;#PC���@[�# �����7#H��V#P.P#D3��=-#D./��J#,7#2PU./��7#UP
#,;34#j��]0-3LU.#$?��9.#2U3��[0A#h��;#H��A#b6��-E#U.P#bC��r7#D./��01#£��93>#3��A#HA3��=7
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=##�Z@T7#o;I<;3O�#D3430L

=##�Z@T7#o;I<;3O�,Y]-#o;I<;3O�#D3L#bCr7#,A
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1   prokaryotes

2   eukaryotes
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#UP#3��4#R/;U3VFC>#E.#bP3`c��9.#H��A#a��0>#E.#a��0A#H��O/J#w��;GP#E.#,���;
#o��;.#2G3��A#U30��]A#2U3LE3��9#F#2C��;q>#�3TQ-.#H��A#t/��AC7#�2EFC��7.#R3��u0uiJ
#H��A#h��07/-�#R3��QS3T7#2.C��X7#E.#H��V#6��}3A#,7#bP3��9#�.C��43#234#j��]0-3LU.
#!,@V30��}C}.#2C��cV3A#E.#3��4#R/;U3VFC>#Hc��9P#UP#$�!*%�#?��9.#b60��9U#R3��Y�.
#bP3`c��9.#,��S/�S/7#234#,��9UCA#F#h��0c-�#R3��QS3T7#2.C��A#,��S67#D./��:�#H��A
#D./��:�#H��A#&�/c:��9CV#C��cV3A/@V#F#%�0@0cA3��9#�/@0��93A#2C��cV3A#$?��9.#b6��}
#H��A#o��0:M[4#3��4#2CcV3A#$�N!�#6��-.#b6;PCL#bP3`c��9.#',S/@��9#I��;3[J#23��rS67
#R3��QS3T7#�.E#D3dC��9#w��7./�#?W3:��}#�,��93:}#j9#R3��QS3T7#UP#5/��[Q7#U/��d

#$P/��}#,7#bP3`c��9.#h��;�/S/0A#P./��7#6��0S/J#3��;#�,��;FU.P#j��]0S/A3c7

"=$WC!�=!+$cu$g(
#H��A#,��93:}#j9#R3��QS3T7#UP#3��4#R/;U3VFC>#E.#bP3`c��9.#3��A#H��TA.U#UP
#/��;CY;F#2C��cV3A#E.#Dv#UP#H��V#PC��V#bU3��}.#2.#H��QS3T7#H��A#D./��J#,7#53���7#D./��:�
#UP3��B#H��V§#RtxA1#,[��9#bP3��7#UP#C��00mJ#,��9UCA#U/���:7#H��A#N�/���0`0:SFF
#H��QS3T7#{��;3c-#$?��9.#b6��}#bP3`c��9.#§6��}3A#,7#P3��1#,S/@��9#?0[��9#P3��X;.#H��A
#zC��T7#,��-/`�#23��4#2U3[0A#D3��7UP#2.C��A#b/��uS3A#,��}FU#D./��:�#H��A#U/��Vq7

$�(+�#?��9.#b6��}

-)!b$z>=!^(-.e!L�$WC
#h��;#,;.E#D3dC��9#?��0@A3B#,��A3;EU.#2.C��A#3��4#R/;U3VFC>#E.#H��V#2PU./��7#UP
#5/@��9#DNA#C��00mJ#UP#U/��Vq7#bP3��7#,��;3-./J#?��u0u1#UP#�PPC��L#,7#bP3`c��9.#bP3��7
#?��]J#H��V#b6��}#bP.P#D3��=-#53���7#D./��:�#H��A#$P/��}#,7#,��9UCA#,��J/;U3VFC>
#,;30[0��}#P./��7#E.#6���UP#*+#3��J#"+#,;.E#D3dC��9#,;3��93:}#H��A#UP3��B#(I��[;.

1   Escherichia coli

2   ^1,2--.$4$.<:-2$

3   Caulobacter crescentus

4   ,)--.-18452;)8)0:1:+0

5   [2<82+47.-02C,.$

6   Ames test


