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% CrgAhasbeenidentifiedasanegativeregulatorofthecarotenoidbiosynthesisin
7-'8,9-,' :;&9<.;' andsomeotherzygomycetes.Thepresenceoftheringfingerdomainssuggestthat
CrgAmayfunctionasanubiquitinligase,akeyenzymeintheubiquitinationregulationsystem.In
orderto testthishypothesis,oneubiquitin activating enzyme (BtE1)and 18 putative
ubiquitin-conjugationenzymes(UBC)from=>:;&9<.;' wereisolatedandidentified.Bioinformatics
analysisindicatedthateachofthe18UBCproteinscontainedaconserveddomainofUBC,
indicatingthatallofthembelongtoubiquitinbindingenzymes.Phylogeneticrelationshipanalysis
showedthat18UBC proteinsbelongto7proteinsubfamilies,homologouswiththoseof
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!"##$"%&'(#)* #)%)+,*,").6candidateUBCproteinswerescreenedbasedonphylogeneticanalysis,
andBtE1,6BtUBCproteins,BtCrgAandBtWC-1bwereobtainedbyheterologousexpressionand
affinitypurification,whichwereubiquitinated,- +,.%&.BtCrgAcanperformubiquitinmodification
functiononitselfwiththeassistanceofBtE1andBtUBCD.
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$

¦§

g59:-

¨©�ª«¬i­D§��®¯°±+

I���,� ²³�� ´µ¶·¸¹º»�

�� ¼½¾�3+¿����/

+/WQ

?ÀÁÂ

Ã

>h6

ÄÅ+Æ\�����Ç� °±*

¡

ia(>"2-

¤�¥(

K--,

"

^^ca(,"2-C2".C"c^

$¦ÈÉ

ÊËÌÍ§Î6

igh

i­D� +��

JgJ225:

Ï

Ð¿ÊËÌÍÎ6

igh

i­D��,� ²��

��/§¢��,� ÂÃÑ´+ �ªÒÓ

AD

^

ÔÕ�Ö* I�ÒÓ

AD

^§��,� ²¢��

£� ¤�¥ÂÃÑ´����®¯°±+I��

�,� ²³�� ´µ¶·¸¹º»��� 

¼½¾�3* ¿

+/WQ

?ÀÁÂÃ

>h6

ÄÅ+Æ\

�����Ç� °±*

!"#"#

%&'()*+89:;<@ABCDE

F ��

>"2->9"91

k�

g-AY

§�×fD* I��

�£®¯°±´Î6

g-igh

i­DÂÃØÙÚÛ+

¼��

>"2->9"91

k�Ü

igh

i­D�×fD* Ý

AcIV1>P2+

Þßk�Üi­D§àáâã®* ��

Jg-225:

§

g9-+K <8Q6J

¨©¡

<8Q6J

¤�¥ä

å�FÜ

igh

i­D§æçèé+ êëèì¼í

î* ��

8A@Q[

ÏÐ´ÌÍ

igh

i­Dï��ð

�/

igh

i­Déñ·òÂ'ó*

!"#"$

GHIJKL# MNOPQR8 ¿

+/WQ

?ÀÁ+ OP

!'()

,

*'+,-.

&

*'/+0)1

¿�

2'32+

��+��

h52LA;,"0::! HH NL0 <-0, h52L(L. O(-

ô

õ§��ö÷OPª

,AJVDS9

ÉR§

2"#X H^%"& H

®ø+ z¦

2'+,-.

²

45&

_ùú�+

2'/6071

²

89"-

_ùú�+ Æ\ûüôØ£ÉRýþ

(:&;9<

gPDY

(

/Aj

$*

ôÿ6ÜØ£ÉR§

(:&;9<

Ý

]B 1P Pg

!R

"#\$+»%&

Jg

!R"'�¦"'(

N/

UBB

?

BCUkBCS

+ )þ

BCj 1125^P

§*+�

V=V

+,-./

0(

H>J@

$+Ý

YU "

&

YD] "^1(L

1ý23

DB K

* 1ý

4"!567894:!&

>g<

;<!=>Ø?4+

@ABCáâ+ &

\ "

&

S BBB "^1(L

67

YB 1(L

4

F4:!+5

BC\] !1

DX$D4+E�

W(VWJQ

Â

Ãi­D&'+ &'�ª§i­D5

</<V>Q@A

FG*

!"#"% h".Q

*+ST./0EF HI

X2L`9

J

lYBm

§�µR·ÂÃ

h".Q

H²§L0K»^¨©L

M+

jB !P

§RNL0'�µR·¦OÿP

YC] !P

DB!

�µ;<!(

Y 125^P 7"(:VXh5

&

\B 1125^P Q7>

&

YBB 1125^P 8.h5

D

&

\B 1125^P /77

&

,X [C]

$+ )þ

jBB L. g-AY

&

jBB L. g-AD

&

D !.

L0&

Y !. g-h".Q

�

Y !. g-nMVYa

i­D+

jB "

�µ

D K

+ )þ

]!

</<V>Q@A

4Q;<!+RS

] 1(L

+Ý

</<V>Q@A

:;4ÂÃTUê6+ÂÃ

o0:-0"L a52-

êë+ô:

;¦ê6§i­D5-V�WX�W(

>p/)

X+

�ÿ6Dåê¤

]q

YZ[\§

7g<7

]!^_`

a

Y K

+bQ

\ "

cd\$+

7g<7

]!=>

j

e+f

Qcd

Y K

+ =>

j

e4E�

AhP

qrs�()*

s�+Ý'pqr�g·ò¦ÂÃ�g*

#"!

+,-./0123456789

L0'hijb%Øk§i­lm4hin

o+ �ÇnoOpPL0q'^

AY

(

ca(bc(-(LV

9+-(39-(L. 0LrG10

+

sgQ

$&L0è�^

AD

(

ca(bc(-(LV

+2L_c.9-(2L 0LrG10

+

sgM

$ ï L 0 K » ^

Aj

(

ca(bc(-(LV,"2-0(L 5(.9:0

$

lYYm

+ krs´

g-M".Q

L0

::::

:

;;;;

;

<<<<

<

====

=

>>>>

>

!!!!

!

%$



!"#"$!%& $!'(%)"

*$+, -./0.1

!

23 /4

"

5624.0.1/67 #3897 :1 3;2 <81=3.:1 :> ?@.A8.3.1 ).B/C2

:> %6B$ 56:32.1 >6:0 !"#$%&"%' ()*&+,)'

DE?!+$) E< <EEF #%("+%" $+F G(E'"%&+E)E,* H:4I JK (CC82 L LMLN

!"#$%&'()*!+,-./01234#

51267#&89:;<="

>?@ABCDEF&1234#:;G5

HIJKCLMNO<=PQRS!GHIJKC

!"#$

TUVWXYZ! 0[L\]T

% &&& '(

&

^_!`ab6cde!fYZ0[&:;WXg

:!0[

% &%& '(

&:;!fh&iMj:;`@

ABC

)*

#:;klmT

++,-.

! nopqrs

tuT

)/

#!vsMNwxT

!"#$

!yz

0

"

{|

1234456

}~! G��D��&1267

!

! !"#$

"

!"%!&

#$%&'()*+,!

"#$% ! &'()*#( +(#, *)*(-./01/.*2#2 /3 '"($ +4, )"%!& $*4* (/,#4$ 2*5'*4(*2

#:;TUV!�HIJKCMNO�?�<=�

���0[HIJKC&

*+

�

728

tu�! >?

MN<=PQRS!GHIJKC

!9:$

TUVW

XYZ!0[�k\�&MN:;!�g:�0[

!"%!&

MN��:;\��

-**;* 00< '(

"

!%!

-./0123456789:;

!%!%6

!"#$%&'()*+ 1234#

=*

!

�124�����&�.��#�!��

$1>

�

|� 312¡v¢£¤¥

=0

#

?/0@

"HIJKC1

234#

23)/

¦

/ &&A

§iMjO¨!t©�8f

ª«�¬a­T

//% <&&

!®¯°T

B,&0

!T±rm

t©�!²³´rµa­¶·¸µ¹³´��"

!7!%!

,"-.%&/()0+ 1267#

=0

�124����["º

=/

#&12¡v12£

¤»

=%

#¼½St©�&�|!

=0

#&¾.¿À

�ÁÂÃ�ÄÅ&1267#

728

$6ÆÇ

?/%@

% ÈÉ

ÊËrÌHÍÎ§S�&1267#

=0

ÏÐÑ

Ò!¾.TÓÔ��&ÕÖ×Ø&Ù�ÚS5Û�!

ÜÝkS��&1267#

=0

�È�ÍÎ[�Í§

Ý®

?/-@

" Þ�HIßKC�d�Ër[

/+

�126

7#" à

/+

�HIßKC

728

t©�¦

/%C;-&+

§áMjO¨ ! t©�8fª«�¬�

/B 0&&

[

-C /&&

!MNâÁ«�¬T

/;A

!t©�ãÙ�

µ¹³´äå³´�!æ�µ¹³´çè¼³´é

ê!àëì

23728

Ù�³´âíî�ïð�|" Ý

kt©�&®¯°Ýk'

-,/<;A,C0

$!

23728

t©�

ñò¹Ý±rt©�!óômõñö�÷ët©�

&óômøù!ú

23728 8

t©�(!¢ût©�

ñTóômt©�"

füÂ

23728

t©�WXÄÅ6ÆÇªý!6

c¶·üÂ

23728

t©�ñÁÂ

728!

6ÆÇ!y

z

%

'

D

$" ëìà

/+

�t©�ñò¹

728

t©�!

�

23728 $E=EFEGEHEIE:EJ

�ÁÂd§þÿ!�6

Æ!s6Æn%"Âµ#���|!¢�:;�&

µ#n%`t©�&67¿m5$S%�|Â9

?/B@

!

23728 G

å

23728 J

&

#

&ÁÂ'é6ÆÇ"

füÂ

23728

ÄÅ6ÆÇWXÙ:;(få

)*6Æa­!yz

%

'

'

$" Ù:;+f6c¶·à

,

728

ÄÅ6ÆÇ:;&demT

%C,B+.

! -.

6Æa­6c¶·�

728

ÄÅ6ÆÇ�ÁÂ

-

§

!

/0å

%

§

"

12!3(Î4üÂ

23728

t©�

�ñÁÂ1256�7'88�|9Må

=%

8:

�|;M! ã<ªt©�ÁÂ=>ij3mµ°!

<ªt©�?

23728 =EGEKEJE>

@AB=>ij3

mµ°!n%ò¹�

=0

#!¾.�`CD3m

=%

#

7��124���ïð$%

?/C@

" f

/-

§ÓÔ��

å

/+

§HIßKC

=0

#¨ÒWXEöFïGª

ý!yz

%

'

!

$"

23728

t©�`

L!728

t©��W

4ê¡Ý�HLfh9ö!ëì�W4ÝkS�W

4DI�

7286

ïJEÝk&K4! ��åHIß

KC&

=0

¨Òªß�

<

§²ÏÐ�" >?6Æ¿

À! L

728

t©�MnªT

-

� 'GÝkNOP

ª$!ªQTÊÁÂ

728

6ÆÇ&

G

�&ÁÂ

8

RS

T5

728

6ÆÇ&

GG

�&ÁÂ

#

RUJ5

728

6

ÆÇ&

GGG

�åÁÂ

8

R&

#

RST5

728

6ÆÇ

&

GM

�

?/<N/A@

!�V5&

728

t©��!

23728 9EOE

2E>EPE8EQER

å

L!728 -EBE<EAE/%ESSL0

ò¹

G

�!

23728 TEGEIE:EJ

å

L!728/E0E%ECE+

ò ¹

GG

� !

ON



!"#$

!"!#

%&

#$

'&

!

(

!"#$%&'()

!"#!$" %&'()

!"#$

*+,-./012345

%&'%! $()

!

*+'%, -.(/

"#

01

$!

%&'%, 2(3

"#

01

$" %&'()*+,-+./0123

4

*+'%,

5678

%&'%,

567"#,9:;1

'%,

! <=>?@:;A9B ! C

*+'%, /

!

%&'%, ,

#

*+'%, .

!

%&'%, 4

"

!"#

)*+,-./012345678+

456-7

D9EFGHIJ! KLMGNOJ

4568

$

'%, .

%PQRST!UVWT5X71YF

GZ[\

9.:;

"

<+,"=$

]>1

4$>-7

^_`Nab

c

<+,"=$

dK="#

456-7

e : 5 6 7 !f

%&,"=$

ghi]

4$>-7

!<jL

<+,"=$

>kl1

,mn! opqrsL

*+'%, .

tuv%wx1

%&'%, $(2(3(?(@(4

yz{|MGNSJ" }~!

*+'%,A(B

�>�21MG���n!dp���E

FGHIJ��FGZ[\�K

9.-;

!�}

%&'%, >

5�7=,�yz�|

2.

J" e�

!"#!$

��Q

�a������! <�>

%&'%, $

#

%&'%, >

8

%&'%, @

Q�UV�m��"

%&'%, 2

#

%&'%, ?

!

%&'%, 4

������Z dp¡2¢£¤¥b

�!f

%&'%, 3

¦§������Z=¨©b�"

o>Kb��m5�71��¤�ª«#¬­

b�#^®¯°#t8±Z²³+´5�7!µ��

9

# $%&$'

567:;<=>?@AB4CDE+F

()*" # +,-./0)0 -,1 2345-6)03, 37 23,086981 134-),0 37 $%&$'0 563%8), -,1 5:/.3*8,8%)2 %688 23,0%6;2%)3,

¶·¸¹º»¼�n½¾"

%&



!"#"$!%& $!'(%)"

*$+, -./0.1

!

23 /4

"

5624.0.1/67 #3897 :1 3;2 <81=3.:1 :> ?@.A8.3.1 ).B/C2

:> %6B$ 56:32.1 >6:0 !"#$%&"%' ()*&+,)'

DE?!+$) E< <EEF #%("+%" $+F G(E'"%&+E)E,* H:4I JK (CC82 L LMLN

!"!#$%&'

!"! #$

()'*

%&'()"*+,

-'./0

**+ ,--

"

()./0%

%&'/0

1- ---

"

()2.345

%&'/0

67 ,,,

!

()8(. %

#

()8(. "

#

()8(. '

#

()8(. 9

#

()8(.:

1

()8(. ;

(%&'

(*+,-'.,20

<, +,,

#

*= >--

#

+1 7--

#

46

?--

1

41 +--

!

!"!#$%&'

3456"78%&'9

:;<=*>?@"

()2.#45

%A'(BCDED

F)"(*+,-'."GH

?

!

IJ

4

$KL

@'A#<6B

(+MNO%A'%IJ

< C4-

$,2

0PQRS(

()'4

#

()./0%

#

()2.#45

#

()8(. %

#

()8(. "

#

()8(. D

#

()8(. 9

#

()8(.:

#

()8(. ;

!

!

!

"#$%&'()*$!

"#$% ! &'(#)#*+,#-. -) '/#0'#,#.+,#-. (12+,13 4(-,1#.5

67! 8($9

"+,-./01234

TPQRS(UN,VWXYZ[Q\>"]

!"!#$%&'

,^#_`abcZ[dX#

EFG

dXT

e

HIB0

dX!"\>fg" 3456=

()8(. %J

"K'K9K:K;

h

=

i

8(.

%&'$"jL

()8(. "

k

lm

()./0%

noZ[Q"pqrms

2.#45

no

Z[Q" ktuvrwStxy

./0%

nz+

2.#

45

%A'Z[Q{t(

8(.

%A'" ktu7|

(XYZ[Q9}qr~S�����ms"��

�

'<

��u�Z[�,-no�c��u�Z[

,-!

0V����\>(Z[Qfg" ��u

'4

�#

'<

�Z[Q\>a�o��34(kt" ,2

�@�����,(+MNVWXYZ[Q\>

1

2LM)L/N (IO)

!"" 3456�

'4

#

'<

#

'+

��

=(9}�"

./0%

t nz#Z[¡¢�({t"

£¤¥noZ[Q"�

2.P45

¦qr§S¨©"G

H

7

!

!

:

56

;<8

'7)8129+$:;<=

"#$% : =. >#,(- '/#0'#,#.+,#-. -) 3#))1(1., ;<8 4(-,1#.5

Z[Q\>uªZ[«¬�

'4

�­®"

'4

�

=

%A$

�c��Z[¯�°t±²³"¬Qa(Z

[_´SZ[3µ�

'<

¶" ·aZ[¡¢�¸Q

¹º%&'�Z[¡¢

Q<<R

"»¼¯½¾e¿�Z[

ÀÁ&¿Z[Q'#ÂÃ¿�Z[,-ÄZ[ÅÀÁ

&ÆZ[Q'

Q<+R

! =

=

iÇÈZ[3µ�É�(\>

$" jL

()8(. "

É�(\>kTms

()./0%

n

oZ[Q»¼"�

()2.#45

r§S¨©"ÊË=�

�c�

()./0%

�Z[¯�(¡¢Ì½ktq�Í

cFÎZ[_´Ï

()2.#45

! �\>¾e�ÐDs

0

()'4

=

%A$

�c�«¬Z[q�Ñ3µ" ÒÓ

Z[t _´S

()8(. "

¶"·aktªF��*

>¹º%&'" ÄÔ

()./0%

£¤kt�u�i¹

º%&'"ms

()./0%

noZ[Q»¼"¯�ÆZ

[Q"GH

=

! hi+F

()./0%

(Z[Q»¼kt

�

()./0%

=ÕXÖ('.×Øe¬ÙÚÛLÜ!

LÝÞÊËKLßà3áâ(

'+

�ãäå£

¤æçÆèZ[Å"V�VéêëìíÄno{t

!

?

56>31?89+@:;<A

"#$7 ? @15'2,5 -) '/#0'#,#.+,#-. (1+*,#-. -) 3#))1(1., *-A4-.1.,5

OP



!"#$

!"!#

%&

#$

'&

!

(

!"#$%&'()

!"#!$" %&'()

!"#$

*+,-./012345

)*$+!

[1]!"#!$%!&'(.)*+,-./012

!-3456789:[J].;<=>?@0!2020!41"16#$188-194.
DINGCH!YINM!LIHL.Studyontheoptimizationof!-caroteneproductionbyfermentationof!"#$%&"%' ()*&+,)'[J].!""#
$%&%'()* '+, -%.%/"01%+2

!2020!41%16&$188-194.%inChinese&
[2]NAVARROE!RUIZ-P!REZVL!TORRES-MART"NEZS.Overexpressionofthe-)./ geneabolisheslightrequirementfor

carotenoidbiosynthesisin!01-,) -*)-*2%"",*3%&[J].34("0%'+ 5"4(+'/ "6 78")*%18&2(9

!2000!267%3&$800-807.
[3]RODR#GUEZ-ORTIZR!LIM$NMC!AVALOSJ.FunctionalanalysisofthecarSgeneof41&')*15 617*$1),*[J].:"/%)4/'(

;%+%28)& '+, <%+"18)&

!2013!288%3/4&$157-173.
[4]RODR%GUEZ-ORTIZR!MICHIELSEC!REPM!etal.Geneticbasisofcarotenoidoverproductionin41&')*15 ,89&+,)15[J].

!4+='/ <%+%28)& '+, 78"/"=9

!2012!49%9&$684-696.
[5]QUILES-ROSILLOMD!RUIZ-V&ZQUEZRM!TORRES-MART'NEZS!etal.Lightinductionofthecarotenoidbiosynthesis

pathwayin:"'$%&"%' ()*&+,)'[J].!4+='/ <%+%28)& '+, 78"/"=9

!2005!42%2&$141-153.
[6]TAGUAVG!NAVARROE!GUTI(RREZG!etal.LightregulatesaPhycomycesblakesleeanusgenefamilysimilartothe

ABCDEFGHIJ

%&

KAKLM

'()*

!DNOA

)*P,.QRS1T

+,-

UVWAXYZ:[

\]^0_!?

,.+,- /

UVW`abXcdAJ

01+,- )

Q

01+,- 2

efUVW!EgefUVW

h1T\iij?klmAUVWnb

'(23

' o=>

pq! hrstuvw.\!

-"4$

x^yz{|}

~���! Eh1T\{���

-"4$

���pq

�

-"4$

Aklm|

5(63

!g�]�j��gf?1T

+,-)

(

+,-2

��A

+,-

U�W�?��

-"4$

A

�6:��\! ��

-"4$

UVWZ�

(678

UVK

~�����H�����

-"4$

A��! DE�

��

-"4$

h/~ A¡¢£¤' ¥¦!

,.+,- /

�

]�§¨©ª��

,.-"4$

A«�6:Ek¬­�

6®¯°±H�²³U�W! g´���

-"4$

h

/~ A£¤]�µo¶·¸¹' Eb�

,.-"4$

´

,.9-8:;

A�6:I¬!º»¼½¾�¿À!]

�j��ÁÂÃ·A�6:��ÄÅÆ��ÇÈ

É_Ê��!ËÌ

<

'

,

> 72?(=@

-./0123,

A8=B C D)*%1'28) ,8'=('1 "6 72?(=E 4F8G4828+'28"+

1",868)'28"+

IÍÎ�Î¥ÏÐÑÒÓ!D)*P,.\0

_�ÔÕ�6L:KQ

:=

Õ�6Ö×K! Ø¬s

³ÙÚÛÜÝ��6L:KQ�6Ö×KAÎÞ

|W! ´)*P,.

+,-

UVWQRS1T

+,-

UVWNOXYZ:[0_!Êßà\AUVWÜ

á�

<

ÕUVWâßà!ãäå�

6

Õ

,.+,-

UV

WIJæåÎ¥NO~ç�6:��~X' èéÎ

¥êëQÎ¥×ìh

;<-,"*

\É_�

,.>:

(

6

Õ

,.+,-

(

,.-"4$

^í

,.9-8:;

A{���' èék

�

+,-

UVW�?A~ç�6:��!îï�ð�

,.+,- /

UVW�ñÉ_´

,.-"4$

A�6:ò

ó' èék�ÏÜ�6:��~XA�ðÖôp

q!§oõ

>:

(

>(

(

>&

ö÷hAÄÅø!Æ��ð�

-"4$

A�6:! ¿À�

-"4$

A�6ù©Kú�'

,.+,- /

UVW?

01+,- )

^í

01+,- 2

��!g

]�û

-"4$

h/~ Aklm|í¡¢Aüý!

hgþ�6:��~X\!�6ÿ�6!LK

,.>:

L:"¯°#�6Ö×K

,.+,- /

!î"¯°±�

6ù©K

,.-"4$

$! ��

,.-"4$

0s��6:ò

ó' º»A=>%½É_´

,.9-8:;

�6:!�]

èéNO)*P,.A

-).=

Á&t/'(D~ 

)>

-"4$

?

9-8:;

*+AbX!DEZÔ,�Ý

)*P,.f3456A×ì-.' /ç�]NO

-).=

0CtA)*P,./'^)>

-"4$

Ab1

|ÖN2´�)*P,.×ìf3456A34!

^5J�Ýf3456×ì-.^í67f34

568ý69:Ü;Ñ'

4444

4

5555

5

$$$$

$

%&



!"#"$!%& $!'(%)"

*$+, -./0.1

!

23 /4

"

5624.0.1/67 #3897 :1 3;2 <81=3.:1 :> ?@.A8.3.1 ).B/C2

:> %6B$ 56:32.1 >6:0 !"#$%&"%' ()*&+,)'

DE?!+$) E< <EEF #%("+%" $+F G(E'"%&+E)E,* H:4I JK (CC82 L LMLN

carotenogenicrepressorgeneof!"#$% #&%'&()**$&+),[J].!"#$%& '()&)$*!2020!124"5#$338-351.
[7]NAVARROE!LORCA-PASCUALJM!QUILES-ROSILLOMD!etal.Anegativeregulatoroflight-induciblecarotenogenesis

in-"'$% '&%'&()**$&+),[J].+)&,-"&./ 01213(-4 %25 612)7(-4

!2001!266%3&$463-470.
[8]SILVAF!NAVARROE!PE!ARANDAA!etal.ARING-fingerproteinregulatescarotenogenesisviaproteolysis-independent

ubiquitylationofawhitecollar-1-likeactivator[J].+)&1-"&%/ +(-/)8()&)$*

!2008!70%4&$1026-1036.
[9]!"#.!'%./ $%&'()*+,-./012345[D].67$89:;!2017.
[10]HONDAR!TANAKAH!YASUDAH.OncoproteinMDM2isaubiquitinligaseE3fortumorsuppressorp53[J].9:'; <1331/4

!

1997!420%1&$25-27.
[11]HERSHKOA!CIECHANOVERA!VARSHAVSKYA.Theubiquitinsystem[J].=.3"/1 >15(?(21

!2000!6%10&$1073-1081.
[12]HUANGDT!MILLERDW!MATHEW R!etal.AuniqueE1-E2interactionrequiredforoptimalconjugationofthe

ubiquitin-likeproteinNEDD8[J].@.3"/1 A3/"?3"/.& B +)&1?"&./ '()&)$*

!2004!11%10&$927-935.
[13]VANWIJKSJL!MARCTIMMERSHT.Thefamilyofubiquitin-conjugatingenzymes%E2s&$decidingbetweenlifeanddeath

ofproteins[J].CD1 EFA:' G)"/2.&

!2010!24%4&$981-993.
[14]<=>.?@AB1C+D E2EFGHIJK StUBC9EFLMNOPQR[D].ST$UVWX:;!2019.
[15]COLETTAA!PINNEYJW!SOL"SDY!etal.Low-complexityregionswithinproteinsequenceshaveposition-dependentroles

[J].'>H A*43174 '()&)$*

!2010!4$43.
[16]LORICKKL!JENSENJP!WEISSMANAM.Expression!purification!andpropertiesoftheUbc4/5familyofE2enzymes[J].

>13D)54 (2 :2I*7)&)$*

!2005!398$54-68.
[17]MATUSCHEWSKIK!HAUSERHP!TREIERM!etal.Identificationofanovelfamilyofubiquitin-conjugatingenzymeswith

distinctamino-terminalextensions[J].CD1 G)"/2.& )J '()&)$(?.& HD17(43/*

!1996!271%5&$2789-2794.
[18]PLAFKERSM!PLAFKERKS!WEISSMANAM!etal.UbiquitinchargingofhumanclassIIIubiquitin-conjugatingenzymes

triggerstheirnuclearimport[J].CD1 G)"/2.& )J H1&& '()&)$*

!2004!167%4&$649-659.
[19]YZ[!\]^._`B1a+bcQdef[J].ghijkjlm!2000!16%2&$175-178.

CHENJM!YUYN.Advancesofubiquitin-conjugatingpathwayineukaryotes[J].HD(2141 G)"/2.& )J K.3D)LD*4()&)$*

!2000!
16%2&$175-178.%inChinese&

[20]WATANABEK!TATEISHIS!KAWASUJIM!etal.Rad18guidespoletatoreplicationstallingsitesthroughphysicalinteraction
andPCNAmonoubiquitination[J].CD1 :+'M G)"/2.&

!2004!23%19&$3886-3896.
[21]STOLLKE!BRZOVICPS!DAVISTN!etal.TheessentialUbc4/Ubc5functioninyeastisHECTE3-dependent!andRING

E3-dependentpathwaysrequireonlymonoubiquitintransferbyUbc4[J].CD1 G)"/2.& )J '()&)$(?.& HD17(43/*

!2011!286%17&$
15165-15170.

[22]FINLEYD!ULRICHHD!SOMMERT!etal.Theubiquitin-proteasomesystemof!01''21%$34'), ')%)5&,&1)[J].61213(?4

!2012!
192%2&$319-360.

[23]HAGLUNDK!STENMARKH.Workingoutcoupledmonoubiquitination[J].@.3"/1 H1&& '()&)$*

!2006!8%11&$1218-1219.
[24]AMEMIYAY!AZMIP!SETHA.AutoubiquitinationofBCA2RINGE3ligaseregulatesitsownstabilityandaffectscell

migration[J].+)&1?"&./ H.2?1/ N141./?D

"

+HN

!2008!6%9&$1385-1396.
[25]SEUFERTW!JENTSCHS.Ubiquitin-conjugatingenzymesUBC4andUBC5mediateselectivedegradationofshort-livedand

abnormalproteins[J].CD1 :+OP G)"/2.&

!1990!9%2&$543-550.
[26]MURCIA-FLORESL!LORCA-PASCUALJM!GARREV!etal.Non-AUGtranslationinitiationofafungalRINGfinger

repressorinvolvedinphotocarotenogenesis[J].CD1 G)"/2.& )J '()&)$(?.& HD17(43/*

!2007!282%21&$15394-15403.

OO


