330-kDa

RecBCD has very long history

s mechanism is unveiled only recently.

but it’
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Bianco et. al, Nature 2001

a Direction of flow

Inlet port 100-200 pm

Stage

Reaction: Mg-ATP
movement

Sample: RecBCD-
DNA-bead complexes

/N

Syringe pump

Direction of RecBCD enzyme
translocation

Direction of flow

Streptavidin bead (1 um)
in the optical trap



Bianco et. al, Nature 2001
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First real-time observation of an individual DNA helicase movement on dsDNA



Dillingham et. al, Nature 2003

RecBCD enzyme is a hipolar DNA RecB inactive
helicase RecD inactive J/ with out RecD
Mark S. Dillingham* +, Maria Spies* & Stephen C. Kowalczykowski" N ¢
Enzyme WT RecBCD RecBCDM'77@ | RecB***“CD |RecBC
Conc. (nM) 0.2 0.2 1 5
Time(min)] A |01 3 51001 3 510/ 01 3 510|010

- - dsDNA
’ ~ -‘_ substrate @————

. FulHength
.‘_ ssDNA

Slow

Fast

'ssDNA loop-tails' intermediate

The two DNA helicases travel together with opposite polarities.



Spies et. al, Cell 2003

A Molecular Throttle: The Recombination
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Finally, Xtal is out!!

s
Crystal structure of RecBCD enzyme
reveals a machine for processing

DNA breaks

C- y
terminus

Singleton et. al, Nature 2004

Two exit tunnels for each strands
RecB nuclease domain is tethered by long flexible linker



Geometry of the domains and function
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Key to domains

r’ @ SF1A helicase 37

@) SF1B helicase °2%
@ RecB-family nuclease
Iron-staple nuclease

NN\ Inactivated SFI helicase

N\ Inactivated nuclease-like

Chi recognition
Joseph T.P. Yeeles, Mark S. Dillingham (2010)



Loading of RecA by RecB nuclease domain

RecB"* + - + |+ |+ | + | + % T
. EcoRecA - + + + + + - + +
Speis et. al, Mol. Cell 2006 magnesium - - - = - - = - T
ATP - - - - + - - - _
ATP-y-S = - - - - + |+ | + -
ssDNA st [ o Now | wsl @ ] e o] o ] oF
] 213 |45 61T 8 9
A: bound
proteins
N R — -
6His-tag
RecBnuc
x @ 1 12]3]4]5[6]7]819
Beads B: free
roteins
T RecA P R ——

‘“‘—_—-—- e

+—— [coRecA

= RecB"*

«——0 [coRecA

+— RecB"*



Loading of RecA by RecB nuclease domain ek




RecBCD Enzyme
Si ils in Respor

Switches Lead Motor

Speis et. al, Mol. Cell 2007

* RecD drives the holoenzyme before Chi

: Rates before y: 3' 5’
30000 4 RecBCD: 987 + 84 bpls
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After Chi recognition, RecBCDk177Q shows no speed change.

=>» RecB motor drives the Chi-modified enzyme

5.26 kb



Two models

in translocation of RecBCD
Speis et. al, Mol. Cell 2007

A Uncoupled
7. RecD (fas)
— 5’
¥ RecB"ue
59

RecB (slow)

VS.

Concerted

~~, RecD (fast)

RecB (fast)
(same rate as RecD)



ATP

In the uncoupled motors model,
ss-loop would be generated.
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RecD is a leading fast motor prior to Chi.
=>» Supporting “uncorrelated model”

Speis et. al, Mol. Cell 2007



Conclusion RecD (fast)
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