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Protein — mRNA correlations
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Lens (Structure and Function)

Part of anterior segment of eye, just
beyond the cornea

Biconvex The Lens
Focuses light onto the retina The E
* Changes shape to accommodate light e tye :
entering eye / T\ \
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* Chief proteins within the lens: ) ’”I Retina \ ® \
crystallins (e | Lens o AY
== Lens fibre
* Chaperone-like proteins Aqueous\, xﬁ Y o cells
* Mammalian lens largely A/

comprised of a and B crystallins

Cataract
* Opacity of the lens

e Obstructs vision — surgical intervention
necessary

Link to Science article on learning to see



http://news.sciencemag.org/health/2015/10/feature-giving-blind-people-sight-illuminates-brain-s-secrets?utm_campaign=email-news-weekly&et_rid=17777851&et_cid=61390

The rat model we use

ICR/f rat (Ihara/Inherited Cataract Rat, strain-f)
* Model of age-related disease.

+ Spontaneously develops cataracts by 10 weeks of age.
* Possible result of early oxidative insult.
* Compare 21-day vs. 100-day




20 um section: washed and fixed to Same section with MALDI matrix
gold MALDI target plate spotted on top.
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Aqueous extract of the lens

Water soluble protein extraction

19,822 Da
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Water-insoluble/urea soluble

Water INsoluble protein extraction
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Top-down identification of m/z=1283.3
(5* charge state) using FT-ICR-MS
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Top-down identification of [M+H]* = 6,409.28 Da
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Top-Down Summary

aA-crystallin species alignment

Rat
Rabbit

Bovine
Human

Rat
Rabbit
Bovine
Human

Rat
Rabbit
Bovine
Human

MDVTIQHPWFKRALGPFYPSRLFDQFFGEGLFEYDLLPFLSSTISPYYRQSL RTVLDSG®®
MDVTIQHPWFKRTLGPFYPSRLFDQFFGEGLFEYDLLPFLSSTISPYYR(USLFRTVLLSG*®

MDIAIQHPWFKRTLGPFYPSRLFDQFFGEGLFEYDLLPFLSSTISPYYRUSLF TVLI SG*°
MDVTIQHPWFKRTLGPFYPSRLFDQFFGEGLFEYDLLPF.. STISPYYROCSLFRTVLILSGS?
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ISEV SDRDKFVIFLDV ) “SPED TVKVLED V IHGK ' ERQDDHGYISREFHRRYRL!2?

ISEV.SDRDKFVIFLDVKHFSPED TVKVQEDFVEIHGKH. ERQDDHGYISREFHRRYRL!??
ISEV  SDRDKFVIFLDVKH SPEDLTVKVQEDFVEIHGKHI'ERQDDHGYISREFHRRYRL!2¢

ISEVSSDRDKFVIFLDVKH " SPEDLTVKVQDDFVEIHGKHI 'ERQDDHGYISREFHRRYRL!2¢
O R S Ry R

PSNVDQSALSCSLSADGHLTFSGPKVQSG CAGHS:E AIPV:LEEKP SAPS:!73
PSNVDQSALSCSLSADGMLTFSGPKVQSGLUAGHSERAIPVS! EEKP SAPSsS!’?

PSNVDQSALSCSLSADGMLTFSGPKIPSGV I AGHSERAIPVSREEKPSSAI §8!73
PSNVDQSALSCSLSADGHLTFCGPKIQTGH:ATHABRAIPVSRBEKP‘SAPSSIH

AREREEERI TR AR x *h*y :*ﬁ** LR R B R R R R R R R R

* = jdentical residues
: = conserved residue substitutions
. = semi-conserved residue substitutions
= truncations ID’d from literature
= truncations ID’d in ICR/f rat using MSI data




What we’ve learned

* Proteins and message are poorly related

* Proteins in tissues can have specific locations
* We already knew this because of antibodies

* Proteins can be truncated and have multiple
(different) locations
* Unless specific antibodies are used, we would not
know this

* Prior to this study, it was presumed that this only
occurred after long periods of time
* The imaging suggests that this may not be the case
* Now need to quantify the C-terminal peptides



Verifying and quantifying C-truncation

« oA crystallin is supposedly processed to a 172aa form from the 196aa
translated product. Interestingly, what we see is the removal of an
interior 23aa peptide, so it must be differential splicing, not
posttranslational processing.

* Processed rat aA crystallin has a chymotrypsin cleavage site at 14'Phe

 This peptide can be observed as a triply charged peptide
* FISGPKVQSGLDAGHSERAIPVSREEKPSSAPSS

« The C-truncations observed by mass spectrometry imaging are the
following:

SGPKVQSGLD (truncation at 151)

SGPKVQSGLDAGHSE (truncation at 156)
SGPKVQSGLDAGHSER (truncation at 157)
SGPKVQSGLDAGHSERAIPVSR (truncation at 163)
SGPKVQSGLDAGHSERAIPVSREEKPS (truncation at 168)

S,K,R are residues that carry positive charges in 0.1% formic acid



Expected ions in MSMS spectrum

 Let’s take the simplest chymotryptic peptide
* NH,-SGPKVQSGLD-COOH

* We consider two types, b-ions and y-ions

 Come from dissociation of the peptide bond
* b-ions contain the N-terminal amino acid
* Sum of the residue masses + 1

 y-ions contain the C-terminal amino acid
* Sum of the residue masses + H,0 (18) + 1

b, b; b, by by by b; b, MS-Product
- 145 242 370 469 597 684 741 854 -
S G P K VvV Q0 S G L D
- 900 843 746 618 519 391 304 247 134

Yo ¥s Y Ys Ys Y Y3 Y2 Y1



http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct
http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct
http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct

Truncation of aA-crystallin in ICR/F rat on Day 21
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Truncation of aA-crystallin in ICR/F rat on Day 100
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How to quantify peptides

* Prepare synthetic peptide standards
e ~§20/residue
* Important to check purity
* Some available at Aldrich-Sigma

* Better approach
* Prepare 13C/°N-labeled peptides
* Add a single amount of each to unknowns and standards

» Best approach (for tryptic peptides)

* Prepared a 13C/*>N-concatenated, artificial protein formed
from the peptides of interest

* Controls for digestion efficiency and recovery



-Omics-wide quantification

* iTRAQ and TMT reagents

* React with lysine groups

» Use of 12C/13C, 1“N/*°N, 180/180 isotopes

* Have a reporter region, a (mass) balancing region and a
reactive group

* All have the same mass (very close), but different
reporter ions

* Each sample to be compared is labeled with a different
form of the reagent

 Samples are combined and analyzed at one time



SWATH-MS

* Unlike where precursors ions are recorded and then a
few of them selected for MSMS

* In SWATH, ALL ions are fragmented

* Requires generation of sample-specific database of
observable proteins

* Collected ions represent a digital database of the
peptides in the sample

e Can be re-searched when new databases are
generated

 IMPORTANT difference — it is thoroughly quantitative
* Many, many quantitative MSMS experiments in one



MRMPATH

http://tmpl.uab.edu/MRMPath/



http://tmpl.uab.edu/MRMPath/
http://tmpl.uab.edu/MRMPath/
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[M+H]+ Product lon lm/z)
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[M+H]+ Product lon (myz)

hunan proteone, y—-ions {Red}: 6, b-ions {Blue}: 2
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Peptide/protein records and link

r::‘{’;'; sor ::“:‘;';‘“ info link

600.7993 203.2310 g:zlﬁ:ﬁgﬁﬁﬂfg\:ﬂl?m' FANCM_HUMAN Fanconi anemia group M protein OS=Homo sapiens hiin:/wasw:unipnolongnipectiCBIYDS

600.8089 | 703.3825 gﬁ:g?gg:ﬂg:f“éﬂEIBGB'CXUEE—HUMAN e ermctrized probein CXet3l C=tloma shpisns http://www.uniprot org/uniprot/QBTBO3
§00.8195  |703.4190 flE:gg&ﬁ:ﬂ’:ﬁ;gﬂ‘gﬂzEg%“ggifgf:;e cGMP-specific 3",5"-cyclic phosphodiesterase subunit hitp://www. uniprot.org/uniprot/P51160

600.8357 703.3786 FE?PSEVFESKH'bEpI&BBBFE'NKDE_HUMAN Protein naked cuticle homelog 2 OS=Homo sapiens GN=NKD2 hiin:/Awsaw. unipsolong/ i pect iBEEED
600.8413 203.3898 glﬁlil{ASGANRKI:aspIPUQBmIGIP_HUMAN Gastric inhibitory polypeptide OS=Homo sapiens GN=GIP PE=1 hiin:/www.unionot.ong/nipect/POSGH

600.8665 203.4038 Q:;gg%sl.:l:élmfgngg E:EE_HUMAN Rab proteins geranylgeranyltransferase component A 2 0S=Homo htin2www.unionot.confuniorot/P 28T 4

600.8125 203.2800 {E}I;FJE\DEE%L:I&:S;IS%L%TSGIOVOU _HUMARMN Putative transcription factor Ovo-like 1 OS=Homo sapiens hitp://www.uniprot.org/uniprot/O14753

600.8559 703.4030 |LFVETLHITKI=splQBWZ42ITITIN_HUMAN Titin OS=Homo sapiens GN=TTMN PE=1 SV=4 hitp:/www.uniprot.ora/uniprot/QBWZ42

These are peptides that would conform to a m/z 601 doubly charged tryptic peptide
with a singly charged, m/z 703 product ion using the quadrupole windows of 0.7 m/z




