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ABSTRACT

Purpose: Demonstrate the potential of top-down proteomics for mapping the proteoform diversity in the tear fluid. The proposed PROTEOFORM LANDSCAPE OF HUMAN TEARS
research workflow includes the use of Schirmer Tear Test strips (Clement Clarke International, Harlow UK) for sample collection,
sample handling, and protein extraction in conjunction with various top-down fragmentation techniques on a chromatographic time
scale.
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Methods: Tear proteins extracted from the Schirmer strips in an aqueous solution are directly analyzed by LC-MS using an Thermo
Scientific™ Orbitrap Fusion™ Tribrid™ mass spectrometer modified with UVPD. MS/MS acquisition was performed using ETD,
EThcD, HCD and UVPD fragmentations, detecting precursor and fragment ions with a resolution of 120,000 at m/z 200. Data analysis +9

was performed using Thermo Scientific™ Deconvolution™ 4.0 software and ProsightPD nodes in the Thermo Scientific™ Proteome
Discoverer 2.2 software. .5
Results: Our approach consists of a simplified two-step workflow. First, proteins are extracted from the Schirmer strips using a water- — T | | | | | | i i T i |
based buffer. Samples are then analyzed over a 30 or 60 min LC gradient by MS and MS/MS using various fragmentation 400 800 1200 1600 2000 400 800 1200 1600 2000 400 800 1200 1600 2000
mechanisms. One of the proteins represented in the dataset by a multitude of proteoforms is lacritin, which is a prosecretory mitogen
capable of promoting basal tearing and low levels of which are associated with dry eye syndrome. Overall, this strategy offers a m/z m/z m/z
powerful option for discovery and characterization of potential tear biomarkers that could be used for the screening of diseases, both
eye related or other. UVPD Q@D N TRIKIITITIIKINIFIDIIT1P K S]VIRLP NIDIE VT f;;f:"”sm Mahimimmpic
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Tears maintain the health of the front of the eye and provide clear vision. Dry eye syndrome is defined as the low volume or low quality vLITPLILK NIN RLFLYLT TLELILLIK V E Scores
production of tears to sufficiently lubricate and nurture the eye, and affects up to 20% of the population above age 60. Currently, the EFSS;WEI 1?:;_-22
presence of dry eye is determined either by subject self-reported history or by measuring tear flow using Schirmer strips. Here, we % Fragments Expl.. 61 %
explore the use of top-down proteomics as a viable biomarker detection strategy for various eye related conditions / diseases. % Residue Cleava...  35%
MATERIALS AND METHODS
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Tears were purchased from Lee Biosolutions, Schirmer Tear Test strips from Clement Clarke International. No further sample treatment
was performed to the samples. m/z
Figure 5. Comparison of four fragmentation spectra on a chain of Prolactin-induced protein (PIP) applying different
LC-MS dissociation techniques. Prolactin-induced protein in tears plays arole in host defense by binding to microorganisms. Due to
Samples were introduced via autosampler into the Thermo Scientific™ MAbPacTM RP 2.1X100mm column hyphenated to a Orbitrap its molecular function, PIP has a very stable structure characterized by two disulfide bridges making it very difficult to
Fusion™ Tribrid™ MS1 and MS2 scans were acquired at 120k resolving power. fragment in the gas phase. Interestingly, UVPD allows for a full characterization of the protein, allowing not only identification
_ of the disulfide bridges that add to its stability, but also providing evidence for the conversion of the N-terminus glutamine

Data Analysis residue to 2-pyrrolidone-5-carboxylic acid.

Raw files were analyzed using Proteome Discoverer 2.2 SW using the ProsightPD and Protein Center nodes.
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Figure 1. (A) Orbitrap Fusion laser source allows UVPD capabilities. (B) Schematic of different hardware parts including E
UVPD source (far right) (pEFBILe 60—
4 Thermo Proteome Discoverer 2 20373 =& == DEFA3
i ‘E@ MSF F“ES o ‘ File V—lew Ad_mlmstrit oooooooo 'Wmdow H:\p - - - - ) -,
[ Spectrum Files 0} WHE N EY ERED R ALEIA
l Start Page X Ted_20170513_Tears_HH_UYPD50_018-(1) x}study: Tears_Searches x
l @; CCCCCCC (:r :::; \\\\\ fying Node PSM Ambiguity | Annotated Sequ i # Protein Groups | # Proteins | Master Pratein Accessions | Protein Accessions # Missed Cleavages | Charge| AScore |ACn | Rank | Search Engine Rank |miz [Da]  |MH+[Da] | Theo. MH+ [Da] | AM [ppm]| 4= QPLAZGZA ZD_
‘[g] PSM Growper 1 ‘ w - - ez | s N~
. 39 = @ | ProSightPD Absolute Mass Search (A3) |Unambiguous | gDNTRKIIKNFDIPKSVRPNI| M-Term(2-pyrrolidone-5-carb| 1| 1|P12273 273 | o eltooo0|ooooo| 1| 2[1500.22338 (1348395218 | 1348597407 | -143.81
@ Spemrum 40 = @ | ProSightPD Absolute Mass Search (43) |Unambiguous | gDNTRKIIKNFDIPKSYRPNI| N-Term(2-pymrolidene-5-carb| 1| 1| P12273 273 0.46 E E
Selector 1 L P $ it E ] >
43 = . Q16378-1 Q16378-1 0580 - O
l e e eiened e v O
- — i % = o Q9GZz8 Q9GzZ8 149
= 2] S i —cr a2l
ProSightPD Top - — s e R 20
% Down Highﬂ-ligh 2 L ] @ | ProSightPD Absolute Mass Search (43) |Unsmbiquous | NLVNFHRMIKLTTGKEAALS | C26(Disuffide Bond): C28(0[ 1| 1| P14555 55 73.22 | -
cRIMWIer C : e ]
l L'lr’ Peptide and 3J 5 . | o el
t=== Protein Filter 56 & ® roSight Unsbiguovs NLYNFHRI 2 i Eczsn\s 1| 1]Pi4sss o| 1z[10000 | ooooo| 1 7322 | |
r e e e rntipecs E:“L”F“Sé‘é: VSTt o Dt B CISAT e e o 383000 o000 22
ProSightPD L ) Show Associated Tables
¢ .ﬂ.[]';ﬂll?ﬂe Mass 3 Fragmi:w:hsne:::mm « B % ||Precursor Isotope Pattem
SEarEh E-l—r?l. Protein § 4 ‘ :::;1_52‘011175095;:;g;gu'fr_p:gﬂ_;gfzzf?ﬁé:uIBo:'\aowm#iiz?1;;.;E;ggg%:IIZIH+=13896.41459Da‘MatchToI=1Oppm ;1TDN:;e‘:;ﬁiﬂhtlr‘o:ﬁ{lf;?;'(;;E;:—{:{ﬁu;/g‘gD??ﬁg‘lgﬂgr;l::3?16270 Erfecgen'r?m:g o 45 | -
b1 | Tolein »Ccarer ao0 J | ]
l qﬁ ] - e :9 ’ 0_ T T
J, \ P T > 2 2522 2 2 2 2> 2 32B2S2 52 =2 L
S 5 £ g5 £ 5 £ £ = £ o5 5585285 5 ©
= Fxedvaue _ . | 7 : , 5 5 £ 33 £ B8 £ E B E 85 Eg Eg 85 3 @
52 pemVaisdator El- T {@; poncensr 7 ||| ot I e - = o 2 & 2 5 2 = 5 = B 5o d5bEs 5 2
3 112559163 125%:_68458 o bt \‘2138“197"34% b;,‘i 275542458 200 =1 1157;12205 1155;110‘03.,::‘_ 17;3054517 5151 23men 1161 4503"3\ .__=,=3 112:5;0591 118478833 F‘ - [{s} +— Z (¢D) 9 +— _9 E) +— Z : = o +— : +— += \V4
1142-5_}?’5.’? o 175§9;9£§ 238827228 bt 11552;2400 1157.99379“53223319 ‘ i =12 =1 ‘f? tigz2an 4;11-455_ S Z\ D E _ o 46 46 % m - [&) :C_U C_U o
WL = e s [yl S O AR T e = 8 s & & @ 5 09 S 78 3 2
N [ LNl Ll ‘ [ U\ Uiy \| [ - || i | i | [ 1157 1158 1158 1180 1181 1182 1163 1164 11685 .9 @© E <] Q o 2 (@)] = [¢B) (] 2
s 1200 a0 = 2000 = 5 e © I5) e E ) S = = o
© =

FTL
N

: : i . : : Prateins - Molecular Fundtion
Figure 2. (A) Processing and Consensus workflows for top-down proteomics analysis in Proteome Discoverer 2.2 SW using

ProsightPD node. (B) Screenshot of analysis output on Proteome Discoverer 2.2 SW, highlighting identified protein list,

fragmentation spectrum for selected protein and full MS spectrum highlighting isolation window of precursor mass. Figure 7. (A) Protein network built from identified proteoforms, highlighting four major clusters. Most significant are cystatin
cluster (left side) containing proteins with endopeptidase inhibitor activity and Mut cluster (upper right) containing proteins
with endopeptidase and DNA binding funtions. (B) Histogram of significant gene ontology terms classified by molecular

function.
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- CONCLUSIONS
2000
80 — UVPD coupled to high resolution mass spectrometry and sophisticated bioinformatics tools represent a very easy and versatile
*?, — combination for proteoform profiling of human body fluids, like tears.
c 60 _ . . . . . :
2 . = UVPD provides more protein identifications than any other dissociation technique.
% 40 _] = Combining UVPD dissociation, high resolution and accurate mass Orbitrap mass spectrometry and Proteome Discoverer allow for
: A extremely sensitive analysis using minute amounts of sample.
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- 1500 o0 F1gure 3. Representative chromatogram = This work illustrates that robust profiling and monitoring of hundreds of proteoforms in tears in barely 60 min is possible, opening up
- miz from a 60 min gradient of tears without this technology for single donor tear analysis in ophthalmological clinical research applications.
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