ab MS-based 3D (MS3D) structural investigation of

rotein-nucleic acids assemblies

¥Y-RNA NC-binding/ drug structure
dimerization chaperone inhibition elucidation

l [y e—
5 iscsooncine

IWM

[ .

e

MS analyzer
frs

Source
[re——

" o High resolution and accuracy  |YGGFLK Retroviral frameshifting pseudoknots
oo ("2C) AGU
Unsplic enomel Cle (mi) _Ew.(miz) 13C) GAC Cle.(w2) B, (mt) —

ve{cggnmun “'.“"‘“L (CyAGy ooTzms  e9n1zeh (C) Yoo omaw  smaw A C\U o

P . (0)GAC 9on1arss  9ur.tast YGRK a2t 6843Tel \C

B L 42001905 miz £=00364Da ‘

YGGFLQ
(2C) GAC w [ A
o HIV-1 ¥-site - e Accuracy -6 ppm /
N Iy | Structural determination resolution ~250,000 FiH Resolution 310,000 it At
L‘u,bi = size lisitation ) R
N X-ray. TS st flexibility ‘_ -
o s si0n o
120m, 55108 st
MS3D
KT
< Initial coordinates of the components obtained from PDB ] J
(NMR and Xeray). - . 4 Constraints Constraints

< Points of contact between components and spatial SL2-NC ~ 960 1000 miz o0 o0 o0 me VPK nl-slsqusncs FIV'P -35 nl-slsquanoe
‘constraints provided by X-linking and MS detection. Amsegre, ot . Mot SL3NC SL4 Kellersberger et al, Anal. Chem. 2004, 76, 3930. -1 base-pairing - 10 base-pairing
% Simulated annealing and energy minimization by Xplor. o Pappalardo, Karwood, ot a, Blochemisty. - 3long-distance - 3 long-distance

,otal, J Mol
0. 1398, 262 01, 201,40, 14518
< Relterative refinement and biophysical verification. - . . N

Initial assumption: the individual RNA secondary structures are sufficiently stable to be conserved in the global Footprinting constraints Crosslinking constraints

fold (Yusupov et al. “Crystal structure of the ribosome at 5.5 A resolution, Science 2001, 292, 883-896).

. N [ —
hv(UV)  Photo-activated crosslinking o s 8 i i e
. GUs® Andalelelce Coreentng R shucre
" | ! 06 A B 2w
} o A oo .
CYmm. L}L} %y
; ) AL Ly . [0
"1 - ¢ Probing Hydrolysis, “|JJI YT g 6_C
Target RNA structure Ll -6
Y\_\* 2F % g nuceases, et - : e
HS MS-based l bottom{up. U 6-C
& o L nd -labeling > Universal method of etecton™._op-down M5 apping il mocesproduced by MC-SYM (Mo
—3: P = Probe-independent hydrolysis. S L2 etal, Science 1991, 253, 1255-60),
gL Tk  Grat educed ambigutes, | Mok s by CNS Binger o
i s | < Mass signatures < paralel probing. ta Crystalog. Sect. D 1998, 5, 505.921),
N-term. < Rapid = high throughput. MS? sequencing
o ioumgn
SHimii ) now stategies o proparo modiied RNA for Xk Comention! DMs Yo, E. T; Zhang, Q. Fabris, D. J. Mol B, 2005, 345, 6.
bikbeamine b high power UV source + monochromator for Xdinking. 0“’-'“':" > Need for end-labeling. ® cmet
probing  Probe-dependent hydrolysis. = okT
» Loss of internal products. N H
) _ o i ':;‘l Monomeric HIV-1 ¥-RNA
Bifunctional crosslinking » One probe ata time < laborintensive, = 22
I Ciem 1
[ Nirogen =

V%f&?\ va 2HCI

HES

- Yu, B Fabris, D., Anal. Biochem. 2004, 334, 356.
- Akinsiku ef al.,./ Mass Spectrom. 2008, 40, 1372,

‘mustards (_‘1 (j J ‘Sanger or Gilbert-Maxam -
HoAx L @gﬁ :m:@')ﬁﬁtjdai e
o

Pancerella efal., 54 ASMS Canference
on Mass Spectrometry and Allied Topics,

3
%CP( N i Seattle WA, May 2006.
Iat 1 Neterm. ol n
i 9 Bottom-up & Top-down (SORI-CAD)
Iy <) synthesis, testing, and modeling oY £
o molecular rulers n 100 s ) b
° 2 =z = [drH O [dsHOT GNRA loop-
Zhang el J. Am. Soc. Mass Specirom. 2006, inpress. 1 R acoeptor nteraction
° s5 e 2
: = 5<% 20
- H 5 87<, 32

Solvent accessibility probes 3 ENEE N

2ol L ases z [—rs
b XARA e H £ ssiingcossnks
Gsuckingleriory oo Ox w0 0 10 me E

inteactons iy "’_*'\/3\\’;\9 5 3 Extemalbio-

100, s o ~ EH Toolsto enable complete MS3D investigations|  [[TETREIIED nformatics
CMCT = S [ 5 & K] from experimental design, to data assgnments, source data databases.
- ] =5 3 = = interpretation and modeling. In collaboration

Dimethyl sulfate Ubase-pairing E 52 7 g 8 with Sandia National Laboratories and

< 22 =2 s & University of Calforia at San Francisco.
ey %52 8% &
oo Ay 7 e m V’YK/“ 2 2 ° 5 = 400 500 1200 1600 200 mz
Aand Cbase-pairing  ©=° s ‘Spectra interpretation aided by MS2Links,
o o 0 600 w000 1800 1800 miz
[ Kethoxal (KT) Kellersberger et al, Anal. Chem. 2004, 76, 2438,

G base-pairing




