Effect of shRNA knockdown of protein complex subunits on complex formation and
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Mahbod R. Hajivandi; John F. Leite; Xiquan Liang; Antje Taliana; Marieke Svoboda; Marshall Pope;
Invitrogen, Carlsbad, CA

WP512

Overview Results and Discussion

In combination with mass spectrometry, recent advances in

Pol m;nm_ - _mﬁﬁm

protein tagging and purification have made it possible to ShRNA expression 100 A =
: ] ) e &
isolate and charactt_erlze n_atlve cpmplexes in high Nuclear sxport 5 g = g i
throughput. Stable isotopic labeling in cell cultures (SILAC) Endogenous Dicer activity 2 2 ¥z E g
has been used successfully to study the dynamics of cell TSIFITT SIRNA (21.25 bp) * < ;‘f S e
signal-dependent protein-protein interactions. Our goal was Anti-Arp3 IgG S —— —
to develop short-hairpin RNA (shRNA) knockdown as an 1 g
investigative means to study the role of the individual SO0 OO IR 00 R00 00 B0 a0 s Figure 5. shRNA knockdown of native Arp3 subunit in 293 cells stably transfected with TAP-
i ivi ichi . RISC loadi tagged Arp3 results in ~55% knockdown of native Arp3 subunit. Western blots of lysates
subunits on the activity and stoichiometry of complexes V\"h@/\/‘\/ SRNA s ting from 293 cells stably transfected with TAP-tagged Arp3 show a knockdown of the Arp3
Because many of these knockdown effects are anticipated Target recognit subunit that s Gonsistent with SILAC experiments.
to be subtle, we reasoned that conventional methods may Target mRNA 1 arget recogniion o . SHRNA
not have sufficient dynamic range to discern smallchanges | | % | 77T b c —~
in protein expression. Instead we have employed metabolic ™™™ MMM Target cleavage B j’“”" 5 = § 3
labeling, SILAC, to precisely quantify stoichiometric . o * a § N E 3 g
changes in complex formation caused by shRNA | T I < L | g
knockdown perturbations. Figure 2. SNRNA in the RNA interference pathway. L M
A
e e N il QU Mt | ARG-ATD2 1gG e - — —
pZ g
Introduction Methods
oo a2z Figure 6. shRNA knockdown of native Arp3 subunit in 293 cells stably transfected with TAP-
Acti Jated teins A2 and Arp3. al ith 5 oth b tagged Arp3 results in knockdown of ArpC2 subunit. Western blots of lysates from 293 cells
ctin related proteins Arp2 and Arp3, along with 5 other Tandem affinity tagged (6xHis coupled to biotin)ArpC2 D E stably transfected with TAP-tagged Arp3 show a knockdown of the ATPC2 subunit resulting
protelnS form a COmpleX (Arp2/3 COmpleX) that binds to the ) . ) from shRNA directed at Arp3. Controls demonstrate that the knockdown is not the result of
N N O N or Arp3 subunits were stably expressed in mammalian shRNA binding to genes non-specifically or due to non-specifi i
side of an actin filament and nucleates the formation of a cells and the tag was used to purify the Arp2/3 S _ . aeans effects.
i i i " (S A I T (i 7 shRNA
new fltl]amgntt:rancl:. Flllament EXte'nsmtE b'y Arp2 3nd Ar%3 complexes from lysates. Cell lines were transfected with
spelatr eef\ s” Ie molecular mect E"'Sm I a s:flqpo s"a :" € shRNAs U6 Entry clones specifically targeting a second m kL J in ) z
vaze i/ o 'ce u_ﬁ: proceﬁse§ sucff'?\ls cel :no t|| y, cell shape subunit of the same complex in medium containing & gt A A A b i 5 g z g %
a: S ","Ctl";re'f, e rEeIC ar;lsm (t)h 'Srqlend(?xbens'ton s 15N-Arg (Ajinomoto). Another culture was treated with § g E é ;i §
S ?)‘I'Yn :n ef ;ﬁurﬁ, :OW rIOT e Ot ?rt a tora OP;h A lacZ shRNA UBEntry clones in non-labeled control T T
2;"3 ica |o|n orthe high-resolution crystal structure ot the Arp medium. The cultures were combined and protein E G Anti-AD3 196 *
complex. complexes purified using Streptavidin agarose. The pslg — — — —
complex subunits were digested with trypsin and . i
digested peptides were analyzed by Q-TOF. |  |______ o e Figure 7. shRNA knockdown of native ArpC2 subunit in 293 cells stably transfected with TAP-
tagged ArpC2 results in knockdown of Arp3 subunit. Western blots of lysates from 293 cells
Lt i e by o Rl L
SILAC iy 4 181 - m sl irected af . Controls demonstrate that the lown is not the result of
a_ o TR non-specific ShRNA or transfection effects.
Light Arg |
TIN,Arg l l :‘l(:\:jx,:’!] Figure 5. shRNA knockdown of native Arp3 subunit in 293 cells stably transfected with biotin-
P —— T PP — tagged Arp3. Total lon Chromatogram of digested affinity enriched Arp2/3 complex from a
For erampl, e e ol maber ok 5064 10 el i 0 ‘ SILAC labeling experiment (A). Trypsin digestion and RP-LC separation were performed in
= the presence of Invitrosol™ LC/MS. MS spectra of peaks correspond to digested peptides.
[Take sma aliquot o cels (sush as 10°) to examine 100% incorporation in MALDITOF | KO the from the different subunits of the complex (B) ARP3 (C) ARP2 (D) AR1A (E) ARPC2 (F)
endogenous | Aot (G) AR20, unexpectedly suggest that that recovery of the Arp 2/3 complex via the.
Mix cells at 1:1 ratio Arp subunit tagged Arp3 was knocked down ~55%.
to enrich
Figure 1. Molecular model of filament extension by the Arp 2/3 complex. (A) A model of the Cell mix after C(f’)"""‘ ShRNA | Cellmixafter shRNA treatment } m’;“;‘z’;n
actin filament branches (in the pink color) was superimposed over the 2D images shown in tagged Subunit ight] ~Calculated Accession Sequence
(B). An additional representation of the Arp2/3 complex at the filament branch is shown in (C) 99 o e Da Bl Pl msa’:“'""" Coverage
50 that the protein backbone is exposed. subunit ARE e 23 Sreri
. o . ARIA 47557 56 Q2747
RNA interference (RNAI) is the preeminent gene oy pesddd oo dshed
silencing technology currently employed in mammalian AR20 19654 853 P59998 Figure 8. Position of 6XHIS Biotin tag in the Arp 2/3 molecular model. Molecular model
reverse genetics experiments, in which a loss-of-function wyptc digest feprese‘;agoﬂs dﬂeﬂ f:d ';i[g):\;f\rlvvage; are 90; s:) ;achoiher) 'gu:he gpp %/3 czzmwex was
; A Table 1. showing the Arp 2/3 complex subunits identified and sequence coverage. generated based on the PDB file and using program. Bot ags (N-terminus for
phenotype of a gene of known sequence is sought. In Lous o P i i ' . o Arp3 and C-terminus for ApC2) are located on the protein surface which could lead to

RNAI, the primary effector molecules are double-stranded
short interfering RNAs (siRNAs)'. One strand of each
siRNA molecule is incorporated into a cytoplasmic, multi-
protein RNA-Induced Silencing Complex (RISC) and
serves as a guide for locating complementary target RNAs.
A RISC nuclease cleaves the target RNA within the region
basepaired to the siRNA guide. The target is then subject
to degradation by cytoplasmic exonucleases.
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Figure 3. Experimental strategy of SILAC for quantification. Identical pools of cells
stably transfected with
isotope-enriched lysine. One of the sets of cells is also treated with SNRNA targeted to
either native expressed AC2 or Arp3. After the complex is enriched by streptavidin-
agarose, the components are separated by SDS-PAGE followed by MS analysis for
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enhanced efficiency of Arp 2/3 complex affinity-enrichment due to competitive
substitution with biotintagged Arp subunit.

of the Arp subunit by ShRNA should result in

Conclusions

interference of complex formation

We present a new method for the analysis of protein expression knockdown and how it may be applied to determine protein complex assembly,
stoichiometry and monomer turnover. Specifically, the marriage of two powerful technologies, shRNA and SILAC, combine to produce a
method capable of detecting significant stoichiometric effects under even relatively subtle knockdown conditions. In this study, we focus on the
Arp 2/3 complex assembly. Using differential expression analysis by SILAC, while the introduction of targeted shRNA serves as an
experimental stimulus, we have quantified the degree of knockdown of specific complex subunits. We observe an unexpected reduction in
complex affinity enrichment after introducing an affinity-tagged Arp complex subunit followed by an shRNA treatment to knockdown the native
isomer. We confirm this phenomenon is specific to the Arp complex and validate the effect by SILAC analysis and Western blot analysis. We
hypthesize the charge density associated with the TAP tag disrupts complex formation. We plan to validate this hypothesis using SILAC
analysis to monitor subunit turnover upon shRNA treatment, and a modification in the affinity enrichment design.
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