Universal Sample Processing Of Multiple Sample Types For Reproducible Proteomic Sample Preparation
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1) Introduction and method 4) Materials and methods
. ' ' ' ' ' o Mouse tissues were collected in IRB approved facilities from male 14-week old black 6 mice. After anesthetization with isoflurane, . ) 1200
Proteomlqs analys.es typlcally begm Wlth Sampl.e IySIS Instrument D'ggf';w”' exsanguination and sacrifice by cardiac puncture, pancreas, brain, liver, kidney, heart, muscle, skin and bone were harvested in that order and Fig. _10' Cellular O_rgane”e as a Brain Pancreas
and protein extraction. This Slngle step Is responsible for stability, 8% ° immediately frozen in liquid nitrogen. Tissue samples were kept at — 80 °C until use. Human kidney FFPE blocks were obtained from the function of extraction condition. 1000 |- ¢
R . ‘1 . . . Cooperative Human Tissue Network (CHTN, www.chtn.org). Briefly, tissue was placed into plastic histology cassettes and covered with 10% Tol ¢

the vast majorlty Of Varlablllty In proteomICS data (Flg 1 ) neutral buffered formalin (NBF) for 24 hours. Samples were subsequently transferred to 70% ethanol and placed on a tissue processor where N:())tteein theldear’;ﬁ’zgggﬁz di:‘]0p thoef
This Var|ab|||ty has limited the ut|||ty of proteomiCS and its serial dehydrations with increasing concentrations of ethanol, then xylene were performed followed by impregnation by paraffin. The FFPE block P 800

. . . o : was sectioned by microtome at 10 um thickness. AFA consumables were obtained from Covaris, Inc. (Woburn, MA; www.covaris.com). S-Traps absence of detergent. Red arrows
appl|Cat|0n IN CI|n|Ca| SettmgS- were obtained from ProtiFi, LLC (Huntington, NY; www.protifi.com). Hard tissues were first pulverized with a Covaris cryoPREP which crushes indicate proteins identified which

samples at —196 °C to a fine powder. In general, 5 — 30 mg of tissue were added to 130 L of extraction buffer and subjected to immediate AFA :
processing in microTUBE130 tubes (Covaris). AFA was performed on a S220 instrument with peak incident power set to 175 W using 200 cycles localize to the Plasma me_mbr_a_ne'
per burst and 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; 905 such proteins were identified
BB means “bead beater” below; 250 uL extraction buffer buffer, 6 minutes at speed 6.5). Particulate was removed from samples using a 0.2 um with 5% SDS; this falls to zero
nylon spin filter. S-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 without detergent. Cf. also orange

« Variability in sample extraction arises predominantly
from two sources: first, samples can experience different
levels of physical force (disruption), which results in

Number of proteins IDed

different levels of protein extraction; and second, the tecion blers Peuied 126 T i ol (1o i asimer) and S0% 125 T o besbonsoR% st ™ nitochonaria,  As biokogy
dlfflCUIty of reprOdUCiny diSSOIVing proteins with sample processing was in accordance with the manufacturer’s directions. Briefly, SDS was added to 5% (final) to any sample which did not flows largely, if not fully, through
. - . contain SDS. This solution was acidified by addition of phosphoric acid, combined with methanolic S-Trap binding/wash buffer, the proteins were membranous systems these
extremely diverse SOIUbIlIty propertleS. captured on S-Trap micros and thrice washed of detergent and other contaminants with S-Trap wash buffer. Especially fatty tissues (bone results  suggest harsh, orotein & &
° o] i i marrow) were additionally washed with chloroform to remove lipids. Trypsin (Pierce) was added and digestions were either for 1 hr at 47 °C _ . _ _ R b&‘
Here, .\Ne employ 5% SDS as a universal pl.’oteln.solvent, Fig. 1: The vast majority of (1:25) or overnight at 37 °C (1:50). FFPE samples were extracted according to the workflow diagrammed below: AFA in 5% SDS, reverse extraction and solubilization with @*‘Q\
Covaris AFA* tech nology for Sample disru ptlon and ability | t . dat crosslinking at 80 °C, AFA then S-Trap sample processing. Paraffin is fully dissolved by 5% SDS, heat and AFA, does not interfere with S-Trap AFA and 5% SDS followed by S- &
. R * variapliiity In- proteomics ata sample processing and is fully removed by the normal S-Trap process. Unless otherwise specified, 1 ug of samples were analyzed on a Fusion T | - : ¥
extraction and ProtiFi S-Traps to Captu re, concentrate arises during protein extraction. (Thermo Fisher Scientific; orbi/orbi, 120k, 30k; top N, 3 sec across 130 min gradients at 300 nL/min; UltiMate 3000 Nano LC with an Acclaim rap sample processing IS
and Clean prOteinS from 5% SDS By |mpartmg StrOng Percent of total variability. Data PepMap RSLC 2 Mm C1§ column, 75um id x 25 cm Ieng_th). Data were .searched with Masqot to a 1% FDR. Note that identification of.certain ngces§aw to fuIIy obse_rve ::::'::Isasmic eulum
] ] commercial equipment, instruments, software or materials does not imply recommendation or endorsement by the National Institute of b|o|og|ca| processes espeC|aIIy Golgi apparatus
controlled acoustic fOrCfeS, AFA reprod UCIbly from reference 1. Standards and Technology, nor does it imply that the products identified are necessarily the best available for the purpose. membrane-associated processes. “lysosome
homogenizes samples and forces proteins completely —
_// 1 pllasma membrane
into solution. ProtiFi S-Trap sample processing then rapidly concentrates the l e T%m Wimm i/ S | . | fbozome
proteins, cleans them of contaminants and detergents, and digests them in-column. g — 99 = = A | % known brain-specific proteins observed [ 19- 111 To gain a sense of the extent of biology missed when
« This combined workflow is universal: the solubilization power of 5% SDS with the Mt < i < proeid e presiegen e e detergents are omitted during proteomics sample preparation,
extreme sheer forces afforded by AFA is unrivaled and sufficient to reproducibly and 60% 7 51% 50% we determined the proportion of known brain-specific proteins
full tract tei f I le t f hard t ¢ I It ithout SDS/AFA/S-Trap workflow for FFPE samples. identified as a function of extraction condition. Of the 432
ully extract proteins rrom ail sampie types 1irom nara tssues 1o cell cuiiures withou 20% - 31% 30% proteins known to be expressed in the brain with high

change. 26% specificity (Human Protein Atlas, www.proteinatlas.org),

* The solubilizing power of this workflow is sufficient to fully dissolve FFPE blocks in - .y . . 20% - approximately half were identified in a single 1D run when
aqueous 5% SDS; S-Trap sample processing then fully removes the SDS-solubilized 5) Extraction conditions effect on protein yield I - I - detergents were used. This fell to a third to a fourth in their
: : o . absence. |ID rates of brain-specific proteins would be even
paraffin and samples are processed without change to the S-Trap protocol. W q4 diff ¢ extraction buff na AEA and bead beat both fresh 0% & | & | o - & ~ lower if protein levels had not been matched (cf. Figs. 6 and
© compare I_ erent extraction bufters .usmg an ea_ e_a Ing on bo _ res ég;? oo,? o”’\w Qv gid 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 &@" &oﬁ‘(’ ébo‘?“ \&@ through membrane proteins, these results are likely
2) Covaris Adaptive Focused Acoustics (AFA) technology produced the highest protein yields; typically 3x — 8x more was extracted with AFA and 69‘_,\69 &@“ &s“ &«‘*“ re%resentati_vcte gf the observation of other membrane-bound
SDS than other extraction conditions. Coefficients of variance (CVs) of AFA/SDS & M and —associated processes.
The Adaptive Focused Acoustics (AFA) technology? is a unique process to deliver controlled, extraction were consistently < 10 % (59 + 39 ) and significantly lower than TP buffer
non-contact sonic energy to isolated, biological samples while maintaining iso-thermal (Fig. 8). AFA was more reproducible than BB and could be performed in a 96-well plate
conditions. Unlike regular so_nlcators, which operajte at Iowe_r frequencies (e.g, 20 kHz) qnd a 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 012 -
frequencies (e.g. 1 MHz) which results in correspondingly shorter wavelengths (~3 mm in @ Brain o
water). This combination of high frequency and converged energy enable precise, efficient g 0107 | pancrens . | 267 \ ° 356
control of sonic energy delivery versus standard sonication techniques (Fig. 1). AFA is E 008 | Fig. 6 (left): 5% SDS and AFA consistently - Y.
produced by a dish-shaped transducer which focuses acoustic energy waves into a small g ro6 ;eSUltef! in the hlghleSt protein yield for fresh-
localized high-pressure zone surrounded by a low-pressure field. The very high-speed pressure | . rozen issue samples. 20 . 0 )
fluxes create intense sheer forces and turbulent mixing which benefit both rapid heat transfer 0.04 - , 64\”’
and rapid solvent boundary layer exchange (Fig. 2). The AFA process enables biological 0,02 g I Fia 19: M _ Fia 13: M
samples to be fully disaggregated and solubilized. Additionally, AFA is an isothermal technique ‘T ! I ig. 12: Mouse brain. 'g. 19- VIoUSe pancreas.
which allows samples to be processed at a constant, predefined temperature (e.g., 4 °C +/- 0.5 e Extraction | EXT3M0 | Digection | TotalIDed | proteins Extraction | P30 | Digection | TotalIDed | proteins
OC). «&b\ buffer technique technique proteins IDed;q_any buffer tech:ique technique proteins IDedcil:lt_any
QD condaition condition
N
nfrasonic ultrasonic \:,oe\” SDS | AFA |S-Trap | 3887 | 82.5% SDS | AFA |S-Trap | 3091 | 83.3%
(Soni ot f Diagnosiicimaging ’ — NH,HCO, | AFA | S-Trap | 3779 | 80.2% NH,HCO; | AFA | S-Trap | 2307 | 62.2%
. o 4
E ZE 5 0 Green | SDS | BB |S-Trap| 3276 | 67.4% | [Green | SDS | BB |S-Trap| 2234 | 60.2%
— — — § 200 - 185 Yellow |NHHCO,| BB |S-Trap| 2211 | 46.9% | |Yellow |NHHCO,| BB |S-Trap| 1813 | 48.9%
: e o . 2
T e Fig 7 (right): 5% SDS and AFA consistently .2 150 - Mouse brain (Fig.12), pancreas (Fig. 13) or human kidney FFPE scrolls (Fig. 14) were processed
| resuilted in the hlghe_st p_rotem yield for FEPE = either with 125 mM ammonium bicarbonate or 5% SDS. Protein levels were matched before
A samples. Deparaffinization was not required o - digestion for mouse tissues; for FFPE scrolls a fixed 0.5% of the total extraction was analyzed. 5%
as the combined SDS/AFA/S-Trap system < : ' . . ' : e . '
fully dissolves FFPE samples. S-Trap % 50 - 38 SDS with AFA treatment consistently yielded the highest number of identifications in S-Trap sample
| ing th d '” ffi © 8 8 5 4 processing. In Figs. 12 and 13, two 1D runs with that condition were sufficient to identify >80% of
e sample processing then removed all paraffin 5 | s — o o o )™ _ - _ _ .
" P without alteration. Single 10 um scrolls, all % I & e o o e the protelgs |dent|f|ablg in all cond|t|0n§ (8 runs |n0total). For a fixed 0.5% o_f sample extracted from
e extractions in triplicate. \g&' @“‘&‘ & §@ &@,@ & FFPE, 97% of all protein IDs were obtained with 5% SDS, AFA and S-Traps in a single 1D run.
<« € & &
Fig. 2: AFA produces much higher Fig. 3: In AFA, forces converge on a 45% @9@ ,b\@*’@ ﬁ"\@ of.,\”°°\°
frequencies than standard sonication localized area to create intense sheer 40% - 2 d & ’ & Fig. 14: Human kidney, 10 um FFPE scrolls.
techniques. forces and turbulent mixing. 35% & o . % of
30% - q;»'v Qo\e“’ Extraction 2ol Digestion | Total IDed proteins
a 259 - S ® buffer tech:ique technique proteins IDed;q_any .
20% - o . condition
s | T ' SDS | AFA |S-Trap| 2508 | 97.0%
3) ProtiFi™ S-Trap™ sample processing technology ;
5% - . L ; i Fig 8 (left): Average coefficient of variation (CV) NH,HCO, | AFA | S-Trap | 52 2.0%
_ o g , , . 0% A of protein extraction vyields across all Green SDS BB |S-Trap| 581 22.5%
The Suspensmq-Trgpm_ng or S-Trap ] metho_d IS a technique to extract, solublllzg and & & &\&; oF & &5 experiments. Coefficients of variance (CVs) of Yelow |NHHCO,| BB | S-Trap| 94 3.6%
handle all proteins in high concentrations of sodium dodecyl sulfate (SDS, < 15%) prior to y‘* & & e o\of AFA/SDS extraction were consistently < 10 %
their capture, concentration and cleaning and digestion. Proteins are captured in the al 2 d;s"‘ oo,,,\@"“’ \x@"’\@ (5% £ 3%).
submicron pores of the S-Trap™ with extremely high surface area to volume ratios. This g"‘b &s‘“&

allows them to be rapidly cleaned of SDS and contaminants including all detergents, urea, 6“0&‘“ %6\9‘" 7V C i .
salts, glycerol, PEG, Laemmli loading buffer, bile salts, etc. Proteases are then introduced ) ) onclusions

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 gomblnatlpn O_f 5% SI_DS’ AI,:A and S-Traps Is a l_“f“vers_al_ prc?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.

_ - _ _ . 50 : : i ; . :
After a one-hour digest at 47 °C, peptides are eluted and ready for downstream processing. | 5% SD_S with AFA extraction and S Tre}p prgfceomlcs preparatlon reprodumbly. samples
While aqueous buffers are often 200 - Sancreas the entire proteome and consistently identifies the highest number of proteins, even
I A few minutes | preferred in proteomics due to the s - when protein loading is matched before processing to peptides.
%{E— | | | traditional  difficulty (?f detergent g e | » The combined system is fully suited to high-throughput automation with 96-well plates.
— = 1400 — . . .
> —~ —> > - —> removal, getelrgelnts (5% SDS or TP) : 18 | * When applied to FFPE samples, the SDS/AFA/S-Trap solution is a one tube, one
Add Spin, Add Spin were absolutely — necessary to § "' THH | | ] column solution which eliminates the need for slow and toxic deparaffinization steps. It
S-Trap wash, | = protease |___  elution reliably  extract and identify < ™ vV vV - - s L :
binding spin ——  edg. = : S s00 || — 2 BN significantly increases efficiency, throughput, protein yield and thus protein ID rates.
- . membrane proteins; they also 3 .. . . .
buffer, trypsin improved ID rates of those from the E 0 08 1 E m mEEPE =  We anticipate the combined workflow of Covaris AFA and ProtiFi S-Trap sample
load Protein Digest 400 - - | B . m : : TTETTPR ) -
Protein (1 hr 47 °C) nucleus and cytoplasm. Membrane o 1 1 1 ) processing will enablg rgprodqc!blllty In _bot.tom up proteomics and thus support the
3 I;’Srotef;n n;\ gZo denatured, Digested protein ID from aqueous buffers was 0 | | I I | 1' | translation of proteomics into clinical applications.
(after AFA or cleaned peptides >50% less in brain and fell to zero in R e N S S
bead beating) _ ) _ & & & < & & 8 & < &
pancreas. While  biochemically & & s S &S &
- . ™ ' .. . . g o"\@ S o o S o o o
Fig. 4: Steps of S-Trap™ sample processing. unsurprising, this significant ~ #° ¢ & Voo ¥ & g 8) References
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*ProtiFi and Covaris technologies are patented and patent-pending.
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