Universal Sample Processing Of Multiple Sample Types For Reproducible Proteomic Sample Preparation
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1) Introduction and method

NIST Covaris

6) Extraction conditions and protein identification (cont.)

4) Materials and methods

Mouse tissues were collected in IRB approved facilities from male 14-week old black 6 mice. After anesthetization with isoflurane, exsanguination Fi 10: Cellul I 1200
and sacrifice by cardiac puncture, pancreas, brain, liver, kidney, heart, muscle, skin and bone were harvested in that order and immediately 'g. A eliuiar O_rgane € as a Brain Pancreas
frozen in liquid nitrogen. Tissue samples were kept at — 80 °C until use. Human kidney FFPE blocks were obtained from the Cooperative Human function of extraction condition. ¢ B ¢

Digestion,

* Proteomics analyses typically begin with sample lysis
and protein extraction. This single step is responsible for a2

the vast majority of varlablllty in proteomiCS data (Flg 1 ) Tissue Network (CHTN, www.chtn.org). Briefly, tissue was placed into plastic histology cassettes and covered with 10% neutral buffered formalin Note the precipitous drop of 1000 7§

(NBF) for 24 hours. Samples were subsequently transferred to 70% ethanol and placed on a tissue processor where serial dehydrations with rotein identifications in the o

This Var|ab|||ty has limited the Utlllty of proteomics and its increasing concentrations of ethanol, then xylene were performed followed by impregnation by paraffin. The FFPE block was sectioned by P 0 goo
. . . . . microtome at 10 um thickness. AFA consumables were obtained from Covaris, Inc. (Woburn, MA; www.covaris.com). S-Traps were obtained from absence of detergent. Red arrows &
appllcatlon in clinical settlngs. etrument ProtiFi, LLC (Huntington, NY; www.protifi.com). Hard tissues were first pulverized with a Covaris cryoPREP which crushes samples at =196 °C to indicate proteins identified which ‘@

o . HF : . . . variance, a fine powder. In general, 5 — 30 mg of tissue were added to 130 uL of extraction buffer and subjected to immediate AFA processing in : § 600 u - i
Varlablllty In Sample eXtraCtlon arises predommantly from 16% ‘ microTUBE130 tubes (Covaris). AFA was performed on a S220 instrument with peak incident power set to 175 W using 200 cycles per burst and localize to the Plasma me_mbr_ane' o ¢
two sources: first, samples can experience different a 10% duty factor at 20 °C for 6 minutes. As an alternative to AFA, a Fast Prep FP120 bead beater was also employed (Savant; BB means “bead 995 such protelns_ were identified ‘5

. : . . . beater” below; 250 uL extraction buffer buffer, 6 minutes at speed 6.5). Particulate was removed from samples using a 0.2 um nylon spin filter. S- with 5% SDS; this falls to zero @ 40 [ ¢ I B | | " | [ ] | T I |
|6V9|S Of phyS|Ca| force (dISFU ptlon), Wthh reSUItS 18 Trap lysis buffer is 5% SDS, 50 mM TEAB pH 7.55. TP (total protein) buffer is 7 M urea, 2 M thiourea and 1% CHAPS; other extraction buffers without detergent Cf. also orange 'g
i i i . included 125 mM ammonium bicarbonate (no pH adjustment) and 80% 125 mM ammonium bicarbonate/20% acetonitrile. Each protein extraction : L : 3 | W | | a | ¢ _ H | | I | 1
dlﬁerent IeVGIS Of prOtem eXtraCtlon’ and SeCOHd, the condition was performed with a minimum of three replicates. Protein concentrations were determined by BCA. S-Trap sample processing was in bars, mitochondria. As blology < 200
difficu |ty of reprod uci bly dissolvi ng protei ns Wwith accordance with the manufacturer’s directions. Briefly, SDS was added to 5% (final) to any sample which did not contain SDS. This solution was flows largely, if not fully, through l L
. - . acidified by addition of phosphoric acid, combined with methanolic S-Trap binding/wash buffer, the proteins were captured on S-Trap micros and ™ - - N = . - - N -
membranous systems, these 0
extremely diverse SOlUbIllty propertles. thrice washed of detergent and other contaminants with S-Trap wash buffer. Especially fatty tissues (bone marrow) were additionally washed with results suggest harsh ’ orotein & & & & & & <& & <& &

° o i i chloroform to remove lipids. Trypsin (Pierce) was added and digestions were either for 1 hr at 47 °C (1:25) or overnight at 37 °C (1:50). FFPE _ o _ _ ol i & Q &(90" * i & Q- v@""
Here, yve employ 5% SDS as a universal prOtem. solvent, Fig. 1: The vast majority of samples were extracted according to the workflow diagrammed below: AFA in 5% SDS, reverse crosslinking at 80 °C, AFA then S-Trap sample extraction and solubilization with Q@@& §\>~° e @e‘s & ¢ §g~° e é\e\*‘b
Covaris AFA* tech nology for Sample disru ptlon and . .I'. ) . processing. Paraffin is fully dissolved by 5% SDS, heat and AFA, does not interfere with S-Trap sample processing and is fully removed by the AFA and 5% SDS followed by S- SV {,&é &6“ & SV i,@*\ %\,\9“\° &

. — * variabi |ty In prOteom|CS data normal S-Trap process. Unless otherwise specified, 1 ug of samples were analyzed on a Fusion (Thermo Fisher Scientific; orbi/orbi, 120k, 30k; Tra sample rocessin is 4® > @& 4* > uc°
extraction and ProtiFi S-Traps® to capture, concentrate grses during protein extraction. top N, 3 sec across 130 min gradients at 300 nL/min; UltiMate 3000 Nano LC with an Acclaim PepMap RSLC 2 um C18 column, 75um id x 25 cm p ple p g & &

i il length). Data were searched with Mascot to a 1% FDR. Note that identification of certain commercial equipment, instruments, software or necessary to fully observe o o Cnudeus
and clean proteins of SDS on column, where they are Percent of total variability. Data A > o8 i : L O O e SaUIPENL, TS aers, Soare C . o o & endoplasmic rticulum
h Ji ted. Bv | rtin fron ntrolled tic  from reference 1 maderlzis.d oet.sf.ng imply recomlm?r? ?)IOI: or $nb|or?er?ﬁn y the National Institute of Standards and Technology, nor does it imply that the biological processes especially S P _E:Lfoar::aratus

en digesied. By imparling strong controfied acoust ' products ldentified are necessarlly the best avallable for the purpose. membrane-associated processes. microtubule
forces, AFA reproducibly homogenizes samples and _ _ e e
forces proteins completely into solution. ProtiFi S-Trap sample processing then rapidly i . TM — i{t T% if e T e T e T L Fbosome
concentrates the proteins, cleans them of detergents and contaminants, and digests g — 9 @ = = 'V . _ . _ Fig. 11: To gain a sense of the extent of biology missed when
: 1 1 : ; AFA AFA Reduction/ Protein in Protein Protein trapped Digest Digested A) known braln-specrﬁc prOteIns Observed H . . H
them in-column. Samples are immediately ready for bottom-up proteomics. A Lomicen < g < ot L7 detergents are omitted during proteomics sample preparation,

« Our combined workflow is universal: the solubilization power of 5% SDS with the 60% 7 51% 50% we determined the proportion of known brain-specific proteins

¢ h f fforded bv AFA | valed. Protei f I le t SDS/AFA/S-Trap workflow for FFPE samples. identified as a function of extraction condition. Of the 432
extreme S .eer orces ariordae Yy IS un.rlva ed. rroteins 1irom a | sampile types 40% 31% 30% proteins known to be expressed in the brain with high
from hard tissues to cell cultures are reproducibly and fully processed without change. 26% specificity (Human Protein Atlas, www.proteinatlas.org),

* The solubilizing power of this workflow is sufficient to completely dissolve FFPE blocks 20% approximately half were identified in a single 1D run when

detergents were used. This fell to a third to a fourth in their

5) Extraction conditions effect on protein yield

in aqueous 5% SDS; S-Trap sample processing then fully removes the SDS-

solubilized paraffin and samples are processed without change to the S-Trap protocol. _ _ _ _ 0% ! ? \- ! ? ﬁ)t\);eef ﬁebrg?ei;aﬁi\s,e?; :gzlz_sf E‘;‘;‘ﬁ ﬁ;"ff;{;z Zﬁ?“ﬁggffse;ﬁg
We compared dllfferent extraction buffers using AFA and bead beating on both fresh &“3 PR 14). As the brain is a lipid organ which functions in large part
frozen tissues (Fig. 6) and FFPE blocks (Fig. 7), 5% SDS applied with AFA consistently 0@’& V&&(' g‘&(' & through membrane proteins, these results are likely

2) Covaris Adaptive Focused Acoustics ( AFA) tech nology produced the highest protein yields; typically 3x — 8x more was extracted with AFA and e,°‘°\<°° mf\ {)@‘ &e*\ representative of the observation of other membrane-bound
SDS than other extraction conditions. Coefficients of variance (CVs) of AFA/SDS g M and -associated processes.

The Adaptive Focused Acoustics (AFA) technology? is a unique process to deliver controlled,
non-contact sonic energy to isolated, biological samples while maintaining iso-thermal
conditions. Unlike regular sonicators, which operate at lower frequencies (e.g, 20 kHz) and a

extraction were consistently < 10 % (5% £ 3%) and significantly lower than TP buffer
(Fig. 8). AFA was more reproducible than BB and could be performed in a 96-well plate
for transfer via a filter plate to a 96-well S-Trap sample processing plate (Fig. 5).

long wavelength (~10 cm in water), the Covaris acoustic transducer operates at higher

frequencies (e.g. 1 MHz) which results in correspondingly shorter wavelengths (~3 mm in o " Brain
water). This combination of high frequency and converged energy enable precise, efficient & 010 | barcrens
control of sonic energy delivery versus standard sonication techniques (Fig. 1). AFA is produced £ oos | ] Fig. 6 (left): 5% SDS and AFA consistently
by a dish-shaped transducer which focuses acoustic energy waves into a small localized high- ] . ;reoszugtlegsjg the hlghlest protein yield for fresh-
pressure zone surrounded by a low-pressure field. The very high-speed pressure fluxes create £ . ue sampies.
intense sheer forces and turbulent mixing which benefit both rapid heat transfer and rapid © 0.04
solvent boundary layer exchange (Fig. 2). The AFA process enables biological samples to be a 0.02 g I _ _ _
fully disaggregated and solubilized. Additionally, AFA is an isothermal technique which allows . " I ' Fig. 12: Mouse brain. Fig. 13: Mouse pancreas.
samples tobe processed at a constant, predefined temperature (e.g., 4 °¢ +/-0.57C) R ™ | e | 2ans | o | e ™ | e | e | o | el
< s?‘('o \oé{é i ° Q‘&c @“3 Q\s&‘co @{\“*\\Q A &Gg‘o condition condition
N P o&f %@s‘* o @y 0&0@ %&s o & Blue SDS | AFA |S-Trap| 3887 | 82.5% Blue SDS | AFA |S-Trap| 3091 | 83.3%
Enn A y&\ M ‘\&c&\ > Red NHHCO, | AFA | S-Trap | 3779 | 80.2% Red NHHCO, | AFA | S-Trap | 2307 | 62.2%
| — f\* i’@“ 550 Green | SDS | BB |S-Trap| 3276 | 67.4% | |Green | SDS | BB |S-Trap| 2234 | 60.2%
% g s 200 185 Yellow | NHHCO,| BB | S-Trap | 2211 46.9% Yellow | NHHCO,| BB | S-Trap | 1813 48.9%

1 Hz 1 kHz
FRECIENCY (CYCLES/SECOND)

Fig 7 (right): 5% SDS and AFA consistently
resulted in the highest protein yield for FFPE
samples. Deparaffinization was not required

as the combined SDS/AFA/S-Trap system

Mouse brain (Fig.12), pancreas (Fig. 13) or human kidney FFPE scrolls (Fig. 14) were processed
either with 125 mM ammonium bicarbonate or 5% SDS. Protein levels were matched before
100 digestion for mouse tissues; for FFPE scrolls a fixed 0.5% of the total extraction was analyzed. 5%

150

RS

g protein per 10 micron scroll

y fully dissolves FFPE samples. S-Trap 50 38 SDS with AFA treatment consistently yielded the highest number of identifications in S-Trap sample
Sarr):ple orocessing then removed a'” paraffin 8 8 5 4 processing. In Figs. 12 and 13, two 1D runs with that condition were sufficient to identify >80% of
o e 100um 10 without alteration. Single 10 um scrolls, all ¥ T & -;- ::_ A o the proteins identifiable in all conditions (8 runs in total). For a fixed 0.5% of sample extracted from
extractions in triplicate ’ S @@“’ & ‘\&@”‘ & & FFPE, 97% of all protein IDs were obtained with 5% SDS, AFA and S-Traps in a single 1D run.
. & N ’bcéd‘ N %06‘ oo"’('éo
Fig. 2: AFA produces much higher Fig. 3: In AFA, forces converge on a 45% \:_9"\(9 e (g\;?c’\ oo,\@\
frequencies than standard sonication localized area to create intense sheer 40% 28% K e\@@ @ef Fig. 14: Human kidney, 10 um FFPE scrolls.
teChniqueS- forces and turbulent m|X|ng zz: ,;i"&@ 0\00(’@ Extraction | Extraction | Digestion | Total IDed "/:Do:dpir:{aeri'ns
S oy s° S buffer technique | technique | proteins conditiony
(@
20% | g 1450 | Blue SDS | AFA |S-Trap| 2508 | 97.0% >
15% I
H =L _ ™ - 10% 5% 6% Red NH,HCO; | AFA | S-Trap 52 2.0%
3) PrOtIFI S Trap Sample prOceSSIrlg teChnOIOQy 5% J_ - I I 3:[" - Fig 8 (Ieft)_: Average c.oefflme.nt of variation (CV) Green SDS BB |S-Trap| 581 29 59
_ L o _ _ N 0% . T . of protein extraction yields across all .
The Suspension-Trapping™ or S-Trap ™3~ method is a technique to extract, solublllzg and @,ﬁ“ & @f .@f & <& experiments. Coefficients of variance (CVs) of Yellow |NHHCO,| BB |S-Trap | 94 3.6%
handle all proteins in high concentrations of sodium dodecyl sulfate (SDS, < 15%) prior to @“& &@‘“ o \0&@* & AFA/SDS extraction were consistently < 10 %
their capture, concentration and cleaning and digestion. Proteins are captured in the o ¥ q\ﬁ’\ 0&\”6 S (5% % 3%).
submicron pores of the S-Trap™ with extremely high surface area to volume ratios. This g“* &

allows them to be rapidly cleaned of SDS and contaminants including all detergents, urea, s\of %6\&"& .

salts, glycerol, PEG, Laemmli loading buffer, bile salts, etc. Proteases are then introduced ) 7) Conclusions

into the pores where tight physically confinement greatly enhances protease-substrate L _ _ _ _

interaction and thus proteolytic activity. Rapid (< 1 hr), reactor-type digestion follows. Capture * The qomblnatlpn O_f 5% SPS’ AI_:A and S-Traps Is a gnlvers_al_ pr(?teln extraction,
handling and digestion solution which makes sample-specific optimization obsolete.

of protein within the trap (SDS depletion, wash and protease addition) requires just minutes. 0 _ _ _ _ _
After a one-hour digest at 47 °C, peptides are eluted and ready for downstream processing. * 5% SD_S with AFA extraction apd S-Tre_lp prf)?teomlcs preparatlon reproduc;lbly. samples
the entire proteome and consistently identifies the highest number of proteins, even

6) Extraction conditions effect on protein identification

While aqueous buffers are often 2000

Brain Pancreas
| A few minutes preferred in proteomics due to the o when protein loading is matched before processing to peptides.
&_ . . . traditional difficulty c?f detergent g e « The combined system is fully suited to high-throughput automation with 96-well plates.
= = > — —> removal, detergents (5% SDS or TP) 1:22 L « When applied to FFPE samples, the SDS/AFA/S-Trap solution is a one tube, one
Add Spin, Add Spin were absolutely necessary to g “™IRg g o B | B column solution which eliminates the need for slow and toxic deparaffinization steps. It
- 2 1000
S-Trap wash, | | protease |___| elution reliably extract and identify < L - L L :
binding spin T e . c o+ B & W N = B significantly increases efficiency, throughput, protein yield and thus protein ID rates.
: membrane proteins; they also 2 .. . . .
buffer, trypsin improved ID rates of those from the Ewo gl 5 B & = T 5.  We anticipate the combined workflow of Covaris AFA and ProtiFi S-Trap sample
- i Z ] ] ] g ] [
load Protein Digest i m 'm ' B ' BEEREE B processing will enable reproducibility in bottom-up proteomics and thus support the
trapped (1 hr 47 °C) nucleus and cytoplasm. Membrane o | g | | I AR I B _ = 1€ . PO
] ggotefltn n EI;Z:) denatured, Digets:;;ed orotein ID from aqueous buffers was ] . <l - 1B ol translation of proteomics into clinical applications.
bea(: be;ating)” cleaned pepides >50% less in brain and fell to zero in JOARC R R R S
pancreas. While biochemically & & &S &S &
Fig. 4: Steps of S-Trap™ sample processing. unsurprising, this significant P4 fc&\’” SN ¢ %&g&\” 4 8) References
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*ProtiFi and Covaris technologies are patented and patent-pending.



