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Introduction

History of cannabis and legislation

1000 BC

2700BC 450 BC

Hand et al, 2016

207 AD

Australia

1839

CED

1964 20M

Government asked
the Victorian Law

drug

ernational market

https://djpr.vic.gov.au/medicinal-cannabis-in-victoria

The Victorian The Victorian Law
Reform Commission's Cannabis Act 2006
Report on Medicinal

2018

o=

The Access to Medicinal  The first cannabis

passed, creatinga the Narcotic Drugs Act

Reform Commission Cannabis was tabled in framework to enable 1967 was granted by the
to report on options Parliament occess to medicinal Office of Drug Control
for changes to the T e cannabis to defined toa Victorian based
ic:\g f; i:::r;ﬁ?‘ﬁ including culu_ wvation, Sreupeof pcjuents CIn i
sneclicin] cannabi manufacturing and The Victorian : 'I'r‘lechrmmweqlth
The Macuana Tax Act is The cannabinold receptor CB1 in exceptional supply of high quality Govemnment received permitted bulk imports
enacted, against the Is identified by Howdett circumstances medieinal eannabis the first authorisation of medicinal cannabis
recommendations products in Victoria, in Australia from the products.
Medical appropriate clinical Office of Drug Control
onding the use of oversight and the need to cultivate medicinal FHEH
cannabis as a therapeutic. for ongoing research cannabis.
and clinical trials
ill
illegal recmosse N
amended to the permit to cultivate
Narcatic Drugs Act medicinal cannabis
1967 to regulate the awarded toa Victorian

cultivation, production commercial entity.

and manufacture of
cannabis for medical
and scientific use as
required under the
Single Convention on
MNarcotic Drugs 1967.

55

Medicinal cannabis
plants cultivated by the
Victorian Government
transferred to Victorian
commercial entity.

Imported medicinal
cannabis legally
awailable
gy
r

Victoria's medicinal cannabis
research licence under Industry Development Plan

The export of medicinal
cannabis products legalised
through the Commonwealth
Narcotic Drugs Amendment
(Cannabis) Reguiations 2018,

Dec 2015: Andrews Government (VIC) introduces
the Access to Medicinal Cannabis Bill 2015

(cultivation, manufacture and distribution).

First Australian government to legalise medicinal
cannabis.
Priority: Children with severe epilepsy.
(SOURCE: www.parliament.vic.gov.au)

Medicinal Cannabis
Industry Development

Further public announcements
by commercial entities to
invest and build cultivation
and manufacturing facilities,
Asia-Pacific headquarters, and
research and development
centers in Victoria.



Cancer patient undergoing chemotherapy
treatment.

Aids in pain management and enhances
appetite.

Glaucoma caused by poor blood supply to
the optic nerve fibres.

Decreases pressure inside the eye.

—"""
( Epileptic seizures. >

Controls seizures by binding to the brain
cells responsible for controlling excitability
and regulating relaxation.

Alzheimer diseases.

Slows the formation of amyloid plagues
by blocking the enzyme in the brain that
makes them.

Medicinal cannabis and high CBD content for epilepsy
'

Treatment with cannabidiol (CBD)-
based products significantly reduces
epileptic seizure frequency.
(Pamplona et al, 2018)

Reported improvement in seizures frequency (any rate)

Painful symptoms of multiple sclerosis.

Binds to receptors in the nerves and
muscles to relieve pain.

Treatment for Hepatitis C infection (negative
side effects).

Helps lessens treatment side effects such
as nausea, muscle aches, loss of appetite,
and depression.

Inflammatory bowel diseases like Crohn's
disease.

Interacts with cells in the body that play an
important role in gut function and immune
responses.

Parkinson's disease.

Significantly reduces pain and tremors and
improves sleep for Parkinson's disease
patients.

Concussion or other traumatic injury.

Lessens the bruising of the brain and helps
with healing mechanisms after a traumatic

injury.

EverBlu report 2017
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Introduction

Cannabis secondary metabolism
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Introduction

Focus on olivetolic acid cyclase (OAC UniProtKB 16WU39)

Mature sequence 1-101 AA (12kDa), homodimer.
Cytoplasmic (not secreted)
Ligands: 3 x Magnesium

. Phytocannabinoid
/ 3,5,7-trioxododecanoyl-CoA \ pathway

S>\/u\/“\/”\/\/\ Hexanoy o
O
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Olivetolic Acid Cyclase l iﬂi&

(OAC) o
cyclization

OH

COOH
HO

Olivetolic acid

K Yang et al, 2016 / Gagne et al, 2012
\ Yang et al, 2016 /




Introduction

Focus on THCA synthase (THCAS UniProtKB Q8GTB®6)

Extracellular (secreted): Signal Peptide (SP) 1-28 AA; mature sequence 29-545 AA (62kDa)
Flavoprotein Cofactor Flavin-adenosine dinucleotide (FAD), disulfide bond (C37-C99)

Ligands: 7(+1) x N-acetyl-D-glucosamine (NAG or GIcNAc, mass=221) (attached to asparagine N residues)

Position of NAG on AA sequence: N2, N65, N89, N168, N297, N305, N329, N467, N499
Some glycosylated N are not needed for enzymatic activity (N89, N499) (Zirpel et al, 2018)
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Introduction

Cannabis proteomics up to 2018

Raharjoetal, | Bonaetal, Park et al, Aielloetal, | Behretal,
LITERATURE SUMMARY

Tissues

Powder homogenisation

Protein precipitation

Phase partition

Protein resuspension

Protein separation

Protein digestion

Protein identification

(kDa)
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1/5 study on flowers/trichomes (where
phytocannabinoids accumulate)

3/5, different buffers

4/5, always TCA, 2/5 with acetone

1/5

4/5 urea-based solutions,
different composition

5/5 gel-based separation

5/5 trypsin

2/5 PMF, 3/5 nLC-MS/MS






Materials - Methods

Complementary proteomics strategies

PTM1 Allelic variant PTM?2
digested
Proteolytic izg P q:;t?
digestjon (e.g. ey — I —
Cirypsin Dr BUP)
MS/MS i:,:h
__— — — — —
(]
- = L .
-
Fragment - - -
ions of
peptides

*Y%;?

Peptide fragments along the sequence (rarely 100% coverage)

(adapted from Bottom-up proteomic (BUP)

Wikipedia) 10



Materials - Methods

Complementary proteomics strategies
Top-down proteomics (TDP)

Fragmentation of whole protein from N- and C-termini (100% coverage)

Fragment
a ions of
(G proteins N
E L __________| |
Q MS/Ms —:ﬁ- -‘__’;:p
S
2 Protein intact
QO_  denaturation
CE) PTM1 Allelic variant PTM2
O digested
Proteolytic
2 digestion (e.g. —_&_—_ﬁﬁ?
fﬂ trypsin for BUP)
I
MS/MS — d::h
- - - - - __
Fragment u = =
ions of
peptides
*tm;?
Peptide fragments along the sequence (rarely 100% coverage)
(adapted from Bottom-up proteomic (BUP)

Wikipedia) 11



Materials - Methods

Complementary proteomics strategies
TOp-dOWﬂ proteomics (TDP) ~ (Vincent et al; 2016,.2018, 20%9; Raynes et al. 2018)

_ , o Top-down proteomics (proteins)
Fragmentation of whole protein from N- and C-termini (100% coverage) + Protein quantitation
+ Allelic variation
+ PTM analysis
+ Protein processing
Fragment - Complexity of the sample
a lons of ;" | -§e|at?\l,e|;¥1e:\,t2ppmag: proteoforms
(G proteins I —— 7 - Small-mid MWs (<40kD)
-|E - Dynamic range
Q MS/MS —:ﬁ_ -‘,.';:p m
E e -
QD protein intact | ‘ ‘
QO_  denaturation D . ‘ _ " l down |
E d:ﬁﬁh\ —  —
o) . PTM1 Allelic variant PTM2 : T up
O digested
Proteolytic B _
2 digestion (e.g. —_%_—_q&tp i . 3
-go trypsin for BUP) : _ k | l |
pl— :..ILM.I..ML.L_I” il o1 J‘..l.h il Ihllu L‘ Mu T ..IV L |
T low speC|f|C|ty/ hlgh eff|C|e % L |
MS/MS + Widely used, lots of tools
e +All MW
p rOtaS . + Complef( samples
Fragment — - Dynamic range
ions of , nalvsi
. small pe ptldes (O 5-3 kDa)
- Protein processing
*m;? _ Protein quantitation
=
Peptide fragments along the sequence (rarely 100% coverage)  Bottom-up proteomics (peptides)
(adapted from Bottom-up proteomic (BUP)  (Vincent et al; 2009; 2011; 2012; 2015, 2019)

Wikipedia) 12



MDP: bringing the best of both BUP and TDP worlds

Top-down proteomics (TDP) A

. _ . Top-down proteomics (proteins)
Fragmentation of whole protein from N- and C-termini (100% coverage)

+ Protein quantitation
+ Allelic variation

+ PTM analysis

+ Protein processing

Proteolytic
digestion (e.g.

' a
trypsin for BUP, m
il £

Gluc for MDP L L thLM‘ hllh |

e Digh speufguty/low efﬂuency A H M AL
+ Widely used, lots of tools PR \|| \m il Ll Ju

p rOtea P :é:)lrg/lp\:\e/; samples

- Dynamic range

e large peptldes (3- 10kDa) T
dﬁ“ﬁp

> fragment - Complexity of the sample N . .
. ionsof . | - Relatively new approach Middle-down proteomics (MDP)
O proteins - Small-mid MWs (<40kD) H
| | .
E - Dynamic range (Iarge peptldes)
+ Protein quantitation
Q MS/MS —rp_ ‘;{F + Small-large MWs
E ] 10-50kD + BUP tools
: + complex samples
2 Protein intact ‘ : +PTM analysis
o denaturation | dawn - Allelic \{arlatlon
= W I N N W N . W WA WU WP U SR AR . - Dynamic range
Hﬁﬁh 3-10 kDa
E = _ o - Protein processing
@) PTM1 Allelic variant PTM?2 up - Very recent approach
O digested : - dayn
= Ell
-
o0
L

Fragment

- Protein processing
- Protein quantitation

Peptide fragments along the sequence (closer to 100% coverag/e) Bottom-up proteomics (peptides)
(adapted from Bottom-up proteomic (BUP)

Hikipect Middle-down proteomics (MDP)

13



Materials - Methods

Proteases don’t always get it right! Missed cleavage...

Miscleavages have been reported as a result of the protease skipping a seemingly cleavable residue.

Example: tryptic digest of 4-coumarate:CoA ligase (4CL) (trypsin targets R and K residues)
...TEAGPVLTMSLAFAEKAFDVKAGACGTVVRNAEMKIVDPETGSSLPRNQPGEICIRGDQIMKGYLNDKESTKNTIDKEGWLHTGDIGFVDDDD...

AFDVKAGACGTVVR
AFDVKAGACGTVVRNAEMKIVDPETGSSLPR

G
AFDVKAGACGTVVRNAEM KIVDPIS?GSSLPRNQPGEICI RGDQIMKGYLNDK

* Miscleavages produce longer peptides.

* Indispensable to discover PTMs.

* Very advantageous for MDP, provided your mass analyser can see them!

* Miscleavages + specific proteases that target rare AAs produce even longer peptides.

 However, a typical BUP study searches for max 2 missed cleavages. Discussed here... 14



Materials - Methods

Proof-of-concept studies
- Overall experimental design

15t experiment: optimisation of protein extraction from mature buds for BUP (trypsin).
2" experiment: optimisation of protein digestion for protein identification using BUP and MDP.
3 experiment: optimisation of intact protein analysis and sequencing using TDP.

Protein digestions e
& BUP and MDP Data mining - =

ey
A\
.".\
- N
-\
) Q
/ ’

M| ProTEOME Discoverer i

Mascot 2.6.1

CID

Materials
Apical buds

Protein extraction
TCA/Acetone precipitation
Gnd-HCI /DTT resuspension
IAA alkylation

TDP

/ PROTEOME DISCOVERER
J Mascot 2.6.1
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Optimisation of protein extraction

Materials
Apical buds
(triplicates)

: "t :_,l _

Protein extraction
TCA/Acetone precipitation
Gnd-HCl /DTT resuspension
IAA alkylation

17



1. Bottom-up proteomics (BUP)

Liquid N2 ground Extraction Solutions Liquid N2 recovered A
. mature buds (tfiplicatfs) /A solution: | TCA/DTT/EtOH solution: trichomes (triplicates)
EXperllllenta L : 10%TCA 10%TcA
B 10mM DTT 10mM DTT
d e S i n acetone EtOH
6Murea, 6M Gdn-HCI,
10mM DTT, 10mM DTT,
10mM Tris-HClpH 8.0,| 5.37 mM sodiumcitrate
75mM NaCl, tribasic 2H20,
0.05%5DS. 0.1 M Bis-Tris.
Extraction TCA/DTT/A TCA/DTT/E Urea buffer | Gnd-HClbuffer | Extraction Extraction Urea buffer | Gnd-HClbuffer | Extraction
number precipitation | precipitation | resuspension | resuspension Name number resuspension | resuspension Name
Extraction 1 no ho yes ha AB1 Extraction 1 yes B T1
Extraction 2 no no [ | yes AB2 Extraction 2 na Ve T2
Extraction 3 - . - . AB3 .
6 trichome extracts
Extraction4 yes no o] Yes AB4
Extraction5 no yes yes no ABS
Extraction 6 no yes || yes AB6

18 apical bud extracts

18



No precipitation

Apical bud Extraction 1

400
500
600

o o o
s 8 8
= &8 8

1000
1100
1200
1300
1400

1500

Apical bud Extraction 2

400
500
600

2 2 2
s 8 8
= 8 3

1000
1100
1200

1300

1400

1500

Liquid N2 ground Extraction Solutions Liquid N2 recovered
. | mature buds (triplicatgs] TCA/DTT/A solution: | TCA/DTT/EtOH solution: ) tri?homes (triplicates)
EXper”IIenta ‘ = 10%TCA 10%TCA R
[ 10mM DTT 10mMDTT
d e S i n acetone EtOH
g Urea buffer: Gnd-HCl buffer: Y
6M urea, 6M Gdn-HCI, < -
10mM DTT, 10mM DTT,
10mM Tris-HClpH 8.0,| 5.37 mM sodiumcitrate | I
75mM NaCl, tribasic 2H20,
0.05%5DS. 0.1 M Bis-Tris. \/
Extraction TCA/DTT/A TCA/DTT/E Urea buffer | Gnd-HClbuffer | Extraction Extraction Urea buffer | Gnd-HClbuffer Extraction
number precipitation | precipitation | resuspension | resuspension Name number resuspension | resuspension Name
Extraction 1 no es AB1 Extraction 1 yes T1
Extraction 2 na AB2 Extraction 2 na T2
Extraction 3 yes AB3 i
— 6 trichome extracts
Extraction4 yes AB4
Extraction5 no ABS
Extraction6 . AB6

N\

18 apical bud extracts

TCA/DTT/acetone

Apical bud Extraction 3

o
S
=

Apical bud Extraction 4

2 o
S 8
: 3

2 2 2 o
S 8 8 8
2 R &8 3

1000
1100

1300

1400

1500

Trypsin/LysC digestion

Bottom-up proteomics
Tryptic peptides analysis
nLC-MS/MS (duplicates)

~

Trypsin (K,R) + LysC (K)
Medium specificity (“ms”
High efficiency (“he”)

TCA/DTT/EtOH

Apical bud Extraction 5

Database search, data processing and statistical analyses

PROTEOME DISCOVERER 1.4
Expressionist®

_4

S
5]
6

Apical bud Extraction

400
500
600
700
300
900
000
100
200

300

400

500




1. BOttom'up proteomics (BUP) Methods AB4 and AB6 are the only

160 proteins identified from 5,675 peptides using BUP. , methods that recover enzymes involved

in the phytocannabinoid biosynthesis.
Percentage of identifications per extraction methods T
100 A== B et
. oLs AB2
%0 1 ) () |M Proteins . 1=
. o "] ABS e
20 - W Peptides B alsaianl
T 2 SRR EE EREL EE SRR RIS "
70 1 o
® T
: 60 - ! TYVNLVNIIPAMK 151089
= e |
g 50 A L swuri:t\:\jg:r::; 1310%4
o — LAYLNVR
ﬁ i T Row L MEQSIPPLPR 12109
E 40 OLS TYWNLVNIPAME %‘ 105
(] [C]10AC L SAEOW::‘SE\:I(.[S::KK -
1 GOT LVWPSKATIFSVK 100000
> oo [ D
8 ;
N T e
10 A4 — TP“D(Z;?E%EEE 50000
o o -
AB1 AB2 AB3 AB4 ABS ABG T1 T2 g o innno
TCA/acetone TCA/ethanol L e
urea  Gnd-HCl urea Gnd-HCl urea Gnd-HClI urea  Gnd-HCl N <
Extraction methods
Methods AB4 and AB6 (TCA/A or TCA/E precipitation, Gnd- Method chosen: AB4 (TCA/A N Gnd-HCI)

HCl resuspension) are the best protein extraction methods
for mature buds (more identities, more reproducible).



Optimising protein extraction

1. Bottom-up proteomics (BUP)

Focus on:
OAC (olivetolic acid cyclase) (101 AAs, 12kDa)

THCAS (tetrahydrocannabinolic acid synthase) (516 AAs, 59kDa)

OAC 34% coverage, no PTM (2 miscleavages)

>sp |1I6WU39| OLIAC_CANSA Olivetolic acid cyclase OS=Cannabis sativa

MAVKHLIVLKFKDEITEAQKEEFFKTYVNLVNIIPAMKDVYWGKDVTQKNKEEGYTHIVEVTFESVETIQDYIIHPAHVGFGDVYRSFWEKLLIFDYTPRK
I

B

-

C
Row T
oLs
] OAC L
B Got —
Il CBDAS -
B THCAS
—
[
C

Column

W AB1
W AB2
[ AB3
[] AB4
] ABS
AB6
H
R

KVSPSLGLLK
SEHMTOLKEK
KNMEIRGLVE
KPIPETAMVTILEK

KTPIKYSYNNFPSK

TLVDPNNFFR
NFTTPYVSQNPR
LAYLNYR
NEQSIPPLPR

AKEWGQOPK
pGOKVAFSIKLDYVI

LWVPSKATIFSVE

LVEHEMQTLDAR
[CLSQYIPTNVTNAK
PKVKTLVDPNNFFR
'SFITSKSPVAVLK

TPIKYSYNNFPSK
DASDVEGDTK
HIPNMVANPK
CQDMLWEVPK
FFNINPOVLTKVE
JLVAVPKSTMF SVKK
CSESLSIAKNSIR

SFHLONKCSESLSIAK I
DVPNLISHNIEK
NIYNFMTPYVSK

Peptide
intensity

2110
210%
1810%
1810%
17105
16105
1510%]
1.4-10%4
1310%
1.210%4
%1 1054
100000
30000
50000
70000
60000
50000
40000
30000
20000

100004

PES

21




Optimising protein extraction

1. Bottom-up proteomics (BUP)

Focus on:
* OAC (olivetolic acid cyclase) (101 AAs, 12kDa)
* THCAS (tetrahydrocannabinolic acid synthase) (516 AAs, 59kDa)

Ao A

A Hexanoyl-CoA B

OAC 34% coverage, no PTM (2 miscleavages)

>sp |1I6WU39| OLIAC_CANSA Olivetolic acid cyclase OS=Cannabis sativa

MAVKHLIVLKFKDEITEAQKEEFFKTYVNLVNIIPAMKDVYWGKDVTQKNKEEGYTHIVEVTFESVETIQDYIIHPAHVGFGDVYRSFWEKLLIFDYTPRK
I I

oLs

THCAS 12% coverage, no PTM (2 miscleavages)

>sp|Q8GTB6|29-545 | THCAS_CANSA Tetrahydrocannabinolic acid synthase OS=Cannabis sativa

NPRENFLKCFSKHIPNNVANPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVV
|

VDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMG
EDLFWAIRGGGGENFGIIAAWKIKLVAVPSKSTIFSVKKNMEIHGLVKLFNKWQNIAYKYDKDLVLMTHFITKNITDNHGKNKTTVHGYFSSIFHGGVD
I

SLVDLMNKSFPELGIKKTDCKEFSWIDTTIFYSGVVNFNTANFKKEILLDRSAGKKTAFSIKLDYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIME
I

EISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINWVRSVYNFTTPYVSQNPRLAYLNYRDLDLGKTNHASPNNYTQARIWGEKYFGKNFNRLVKV
|

KTKVDPNNFFRNEQSIPPLPPHHH

B THCAS

Column
M AB1
B AB2
B AB3
] AB4
| ABS
AB6
| Rt
Em2

QDMLWEVPK

FFNNPDVLTIVE

L LVAVPKSTMFSVKK
CSESLSIAKNSIR

LLIFDYTPR
SFHLONKCSESLSIAK [
DVPNLISHNIEK

e NIYNFMTPYVSK

KVSPSLGLLK
SEHMTQLKEK

KPIPETAMVTILEK
TYVNLVNIPAMK
KTPIKYSYNNFPSK )
LUFDYTPRK
TLVDPNNFFR

LAYLNYR
NEQSIPPLPR
TYVNLYMIPAMK
AIKEWGOPK

LVEHEMOTLDAR
CLSOYIPTNVTNAK
MVIKTLVDPNNFFR

DVYWGKDVTQK
TPIKYSYNNFPSK
DASDVEGDTK

mEsRl

R

K

K

P 888238888, 339538888

Peptide
intensity

2110
210%
1810%
1810%
17105
1.610%4
1510%
1.4-10%4
1310%4
1.210%4
%1 1054
100000
30000
50000
70000
60000
50000
40000
30000
20000

100004

PES
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Optimisation of protein digestion

Protein digestions

BUP and MDP Data mining = == — -
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Optimising protein digestion

2. Middle-down proteomics

Experimental design

Pure bovine serum
albumin (BSA)

Gnd-HCI/DTT resuspension TCA/Acetone precipitation

Peptide digests

<>

Middle-down proteomics
| Analysis of digests and mixtures by
nLC-MS/MS (duplicates)

Database search, Expressionist®
data processing and

statistical analyses

fn ‘5'_

ProTEOME DiscOVERER 1.4J [ 1 ) Genedete
By . .
H | ; SE

IAA alkylation Gnd-HCl /DTTresuspension
U IAA alkylation )
Y
Protein digestion using 3 proteases
Enzyme code ms\he hs\le Is\me AA targeted
1T yes no no R, K
no yes no E,D
no no yes Y,F,W, L
yes yes no R,K,ED
yes no yes R, K, Y, F, W, L
no yes yes E,D,Y,F,W,L
yes yes yes R,K,E,D,Y,F, W, L

Mixture of digests (1:1v/vor 1:1:1v/v/v)
C+E=EE [CI+E=[c] E+EE- .
[ 1+ 0 + €] - e

1. Digestion tests on BSA
2. Application to cannabis samples

24




Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

(Majorek et al. 2012)

Mature form:
583 AAs, 66kDa

percent

10

AA composition of BSA

12

10

Percent

Protease digestion efficiency

W predicted %)

observed (%) | |
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BSA peptides elute from 9-39 min (9-39% ACN)
along 300-1600 m/z.




2. Middle-down proteomics (MDP) vy, Reproducible analyses.

Digestions with C (C, GC, TC) more

1. Benchmarking using bovine serum albumin (BSA) orthogonal than with T and/or G.

v
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Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)
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C BSA sequence alignment

LYEIARRHPY ~ ASSARQR CCHGDLLE
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Reproducible analyses.

Digestions with C (C, GC, TC) more
orthogonal than with T and/or G.

BSA sequence areas resisting digestion.
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Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

LYEIARRHPY ~ ASSARQR CCHGDLLE
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C BSA sequence alignment
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D BSA sequence coverage

91.3%

0 20 40 60 80 100

} single digestions

<+—best sequencing result

Reproducible analyses.

Digestions with C (C, GC, TC) more
orthogonal than with T and/or G.

BSA sequence areas resisting digestion.
Excellent coverage (>90%) using single
digestions

Best coverage using T:G (96.6%).

28



2. Middle-down proteomics (MDP) vy, Reproducible analyses.

Digestions with C (C, GC, TC) more

1. Benchmarking using bovine serum albumin (BSA) orthogonal than with T and/or G.
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Optimising protein digestion

2_ Middle-d()wn proteomiCS (MDP) ”: Reproducible analyses.

Digestions with C (C, GC, TC) more

1. Benchmarking using bovine serum albumin (BSA) orthogonal than with T and/or G.
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Optimising protein digestion

2. Middle-down proteomics (MDP)

2. Cannabis results
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Reproducible analyses.




Optimising protein digestion

2. Middle-down proteomics (MDP)

2. Cannabis results
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Reproducible analyses.

Most peptides identified with TC.




Optimising protein digestion

2. Middle-down proteomics (MDP)

—
2. Cannabis results
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* Reproducible analyses.
* Most peptides identified with TC.
e 27,123 unique peptides identified, 494 accessions and 229 annotations (30% more than BUP).
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Secondary metabolism 23%, energy 31% (photosynthesis 12%), gene expression 19% (protein 14%).




2. Middle-down proteomics (MDP) -

2. Cannabis results
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2. Middle-down proteomics (MDP) -

2. Cannabis results
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Missed cleavage

Occurence

* Up to 9 miscleavages.
* Miscleavage frequency is protease-dependent.



2. Middle-down proteomics (MDP) -

2. Cannabis results
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* Up to 9 miscleavages.
* Miscleavage frequency is protease-dependent.
* Peptide size increase with number of miscleavages, irrespective of the protease used.

Shotgun proteomics study should apply more than 2 missed cleavages!



2. Middle-down proteomics (MDP)

2. Cannabis results

wr

Coverage (%)

Distribution of identified proteins per coverage

91-100
81-90
71-80
61-70
51-60
41-50
31-40
21-30
11-20

0-10

85%

20
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Identified proteins (%)
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Coverage rate spans 6-100% in a
MW-dependent manner.

Most proteins (85%) identified
with coverage > 70%.

Almost half (47%) fully covered
(100% coverage).

PTMs discovered

AGRICULTURE !“'!:ORIA
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Optimising protein digestion

2. Middle-down proteomics (MDP) w | R b

T FS T TS S e
2. Cannabis results S :
' 3 "1 Met
e PTMs discovered §
Fixed modifications Dynamic modifications Az Lhis Bk
Proteases Carbamidomethylation Acetylation  Phosphorylation Oxidation | Total
TrypSin/ LySC 10798 G*ﬁsﬁfﬁﬁ\mqﬁiiiiJ?VQGQ'FNQ?V*'&FQ?G FlK
Chymotrypsin 1483 238 7683 3520 | 12924 | *j j ¢ j j j IH—:HIU
GluC 1396 149 4820 2789 9154 E AN
. 1 Oxidised Met
Total 4241 683 18716 9236 32876 | % .-

Multiproteases needed to achieve 100% coverage and identify PTMs.

VVVVVVVVVVVVV

8
|
(

Focus on: . °°— Phosphorylat ons(Thr@Tyr) ;:

* OAC (olivetolic acid cyclase) (101 AAs, 12kDa) f . °‘”

« THCAS (tetrahydrocannabinolic acid synthase) (516 AAs, 59kDa) Ll g s o
.
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2. Middle-down proteomics (MDP) S

2. Cannabis results
Focus on: OAC (100% sequence coverage) (34% BUP)
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BUP: OAC 34% coverage (Trypsin only, max 2 missed cleavages)
MDP: OAC 100% coverage (Trypsin/LysC 85%, GluC 57%, Chymotrypsin 53%, max 10 missed cleavages)

OAC 100% coverage + PTMs (10 miscleavages)
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Optimising protein digestion

2. Middle-down proteomics

2. Cannabis results
Focus on: THCAS

Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages
IDVHSQTAW 1056.52 1
IDVHSQTAWVE 1284.63 2
SMGEDLFWAIR 1324.64 4
ILKENPNLCAY C9(Carbamidomethyl) 1334.68 2
SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5
GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3
KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96 3
SKHIPNNVANPKLVY 1693.94 2
ILEKLYEEDVGAGMY 1729.84 6
GMSYISQVPFVWVDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethyl) 1819.83 4
GLAADNIIDAHLVNVDGK 1834.98 3
GGIMEEISESAIPFPHR 1869.93 3
IDVHSQTAWVEAGATLGE 1883.92 3
AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4
NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4
YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7
NYGLAADNIIDAHLVNVDGK 2112.08 4
LVSAAQTILPDSDGAIDGHLRE 2278.18 4
LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7
VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5
TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6
IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5
LNYRDLDLGKTNHASPNNY K10(Methyl); N18(NAG) 2440.20 5
VLYPYGGIMEEISESAIPFPHR 2505.25 4
KIKLVAVPSKSTIFSVKKNME S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6
ITHLVFCTTSGVDMPGADYQLTK C7(Carbamidomethyl) 2554.26 4
WIAHPGGPAILDQVESKLALKTE K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
LDYVKKPIPETAMVKILEKLY Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
IDVHSQTAWVEAGATLGEVYYWINEK 2979.47 8
AEGPATIMAIGTATPANCVLQSEYPDYYFR C18(Carbamidomethyl) 3306.57 6
AFKPLGISDWNSLFWIAHPGGPAILDQVESK 3393.79 7
GGGGENFGITAAWKIKLVAVPSKSTIFSVKK K16(Methyl); T25(Phospho); $28(Phospho); K30(Acetyl) 3418.82 8
DKDLVLMTHFITKNITDNHGKNKTTVHGY K23(Acetyl); Y29(Phospho) 3462.71 8
CTTSGVDMPGADYQLTKLLGLRPSVKRLMMY C1(Carbamidomethyl); Y13(Phospho); K17(Methyl); K26(Methyl); Y31(Phospho) 3689.74 6
YDKDLVLMTHFITKNITDNHGKNKTTVHGY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9
LYEEDVGAGMYVLYPYGGIMEEISESAIPFPHR 3732.77 9
SLNEAFKPLGISDWNSLFWIAHPGGPAILDQVESK 3836.95 8
KHINWVRSVYNFTTPYVSQNPRLAYLNYR K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
QLTKLLGLRPSVKRLMMYQQGCFAGGTVLRLAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
ITAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4
GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD K7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE  [S15(Phospho); C26(Carbamidomethyl); K28(Methyl); K29(Acetyl) 4875.54 6




Optimising protein digestion

2. Middle-down proteomics

2. Cannabis results

Focus on: THCAS

peptide masses 1-5kDa

Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages
IDVHSQTAW 1056.52 1
IDVHSQTAWVE 1284.63 2
SMGEDLFWAIR 1324.64 4
ILKENPNLCAY C9(Carbamidomethyl) 1334.68 2
SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5
GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3
KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96 3
SKHIPNNVANPKLVY 1693.94 2
ILEKLYEEDVGAGMY 1729.84 6
GMSYISQVPFVWVDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethyl) 1819.83 4
GLAADNIIDAHLVNVDGK 1834.98 3
GGIMEEISESAIPFPHR 1869.93 3
IDVHSQTAWVEAGATLGE 1883.92 3
AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4
NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4
YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7
NYGLAADNIIDAHLVNVDGK 2112.08 4
LVSAAQTILPDSDGAIDGHLRE 2278.18 4
LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7
VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5
TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6
IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5
LNYRDLDLGKTNHASPNNY K10(Methyl); N18(NAG) 2440.20 5
VLYPYGGIMEEISESAIPFPHR 2505.25 4
KIKLVAVPSKSTIFSVKKNME S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6
ITHLVFCTTSGVDMPGADYQLTK C7(Carbamidomethyl) 2554.26 4
WIAHPGGPAILDQVESKLALKTE K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
LDYVKKPIPETAMVKILEKLY Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
IDVHSQTAWVEAGATLGEVYYWINEK 2979.47 8
AEGPATIMAIGTATPANCVLQSEYPDYYFR C18(Carbamidomethyl) 3306.57 6
AFKPLGISDWNSLFWIAHPGGPAILDQVESK 3393.79 7
GGGGENFGITAAWKIKLVAVPSKSTIFSVKK K16(Methyl); T25(Phospho); $28(Phospho); K30(Acetyl) 3418.82 8
DKDLVLMTHFITKNITDNHGKNKTTVHGY K23(Acetyl); Y29(Phospho) 3462.71 8
CTTSGVDMPGADYQLTKLLGLRPSVKRLMMY C1(Carbamidomethyl); Y13(Phospho); K17(Methyl); K26(Methyl); Y31(Phospho) 3689.74 6
YDKDLVLMTHFITKNITDNHGKNKTTVHGY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9
LYEEDVGAGMYVLYPYGGIMEEISESAIPFPHR 3732.77 9
SLNEAFKPLGISDWNSLFWIAHPGGPAILDQVESK 3836.95 8
KHINWVRSVYNFTTPYVSQNPRLAYLNYR K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
QLTKLLGLRPSVKRLMMYQQGCFAGGTVLRLAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
ITAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4
GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD K7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE  [S15(Phospho); C26(Carbamidomethyl); K28(Methyl); K29(Acetyl) 4875.54 6




Optimising protein digestion

2. Middle-down proteomics

2. Cannabis results

Focus on: THCAS

peptide masses 1-5kDa

most peptides contain > 2 miscleavages

Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages
IDVHSQTAW 1056.52 [ 1
IDVHSQTAWVE 1284.63 \
SMGEDLFWAIR 1324.64 2
ILKENPNLCAY C9(Carbamidomethyl) 1334.68
SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5
GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3
KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96
SKHIPNNVANPKLVY 1693.94
ILEKLYEEDVGAGMY 1729.84 6
GMSYISQVPFVWVDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethyl) 1819.83 4
GLAADNIIDAHLVNVDGK 1834.98 3
GGIMEEISESAIPFPHR 1869.93 3
IDVHSQTAWVEAGATLGE 1883.92 3
AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4
NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4
YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7
NYGLAADNIIDAHLVNVDGK 2112.08 4
LVSAAQTILPDSDGAIDGHLRE 2278.18 4
LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7
VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5
TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6
IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5
LNYRDLDLGKTNHASPNNY K10(Methyl); N18(NAG) 2440.20 5
VLYPYGGIMEEISESAIPFPHR 2505.25 4
KIKLVAVPSKSTIFSVKKNME S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6
ITHLVFCTTSGVDMPGADYQLTK C7(Carbamidomethyl) 2554.26 4
WIAHPGGPAILDQVESKLALKTE K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
LDYVKKPIPETAMVKILEKLY Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
IDVHSQTAWVEAGATLGEVYYWINEK 2979.47 8
AEGPATIMAIGTATPANCVLQSEYPDYYFR C18(Carbamidomethyl) 3306.57 6
AFKPLGISDWNSLFWIAHPGGPAILDQVESK 3393.79 7
GGGGENFGITAAWKIKLVAVPSKSTIFSVKK K16(Methyl); T25(Phospho); $28(Phospho); K30(Acetyl) 3418.82 8
DKDLVLMTHFITKNITDNHGKNKTTVHGY K23(Acetyl); Y29(Phospho) 3462.71 8
CTTSGVDMPGADYQLTKLLGLRPSVKRLMMY C1(Carbamidomethyl); Y13(Phospho); K17(Methyl); K26(Methyl); Y31(Phospho) 3689.74 6
YDKDLVLMTHFITKNITDNHGKNKTTVHGY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9
LYEEDVGAGMYVLYPYGGIMEEISESAIPFPHR 3732.77 9
SLNEAFKPLGISDWNSLFWIAHPGGPAILDQVESK 3836.95 8
KHINWVRSVYNFTTPYVSQNPRLAYLNYR K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
QLTKLLGLRPSVKRLMMYQQGCFAGGTVLRLAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
ITAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4
GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD K7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE  [S15(Phospho); C26(Carbamidomethyl); K28(Methyl); K29(Acetyl) 4875.54 6




Optimising protein digestion

. . Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages

2. Middle-down proteomicspg= ot 5 ;
. p IDVHSQTAWVE 1284.63 2
SMGEDLFWAIR 1324.64 4

: ILKENPNLCAY C9(Carbamidomethy) 1334.68 2

2. Cannabis results SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5

Focus on: THCAS GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3

N : _ KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96 3
peptlde masses 1 SkDa SKHIPNNVANPKLVY 1693.94 2

. . . ILEKLYEEDVGAGMY 1729.84 6

¢ most peptldes contain > 2 mlscleavages GMSYISQUPFVWDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethy) 1819.83 4

 72% sequence coverage (12% BUP) GLAADNIIDAHLVNVDGK 1834.98 3
GGIMEEISESAIPFPHR 1869.93 3

IDVHSQTAWVEAGATLGE 1883.92 3

AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4

NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4

YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7

NYGLAADNIIDAHLVNVDGK 2112.08 4

LVSAAQTILPDSDGAIDGHLRE 2278.18 4

LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7

VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5

TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6

IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5

. K10(Methyl); N18(NAG) 2440.20 5

THCAS 72% coverage, many PTMs (10 miscleavages) 2505.25 7

S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6

>sp|Q8GTB6|29-545 | THCAS_CANSA Tetrahydrocannabinolic acid synthase OS=Cannabis sativa C7(Carbamidomethyl) 2554.26 4
NPRENFLKCFSKHIPNNVANPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVV K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
—— ] Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
VDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMG 2979.47 8
- [ = = R C18(Carbamidomethyl) 3306.57 6
EDLFWAIRGGGGENFGIIAAWKIKLVAVPSKSTIFSVKKNMEIHGLVKLFNKWQNIAYKYDKDLVLMTHFITKNITDNHGKNKTTVHGYFSSIFHGGVD  [EX 3393.79 7
e e [ = = KK K16(Methyl); T25(Phospho); S28(Phospho); K30(Acetyl) 3418.82 8
K23(Acetyl); Y29(Phospho) 3462.71 8

SLVDLMNKSFPELGIKKTDCKEFS\WIDTTIFYSGVVNFNTANFKKEILLDRSAGKKTAFSIKLOYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIVE o e e 7t T o) | s :
bY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9

EISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINWVRSVYNFTTPYVSQNPRLAYLNYRDLDLGKTNHASPNNYTQARIWGEKYFGKNFNRLVKY ~ Eore 33277 5
I e W T 383695 5
KTKVDPNNFFRNEQSIPPLPPHHH R K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
S - — JRAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
TTAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4

GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD | K7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE | S15(Phospho); C26(Carbamidomethyl); K28(Methyl); K29(Acetyl) 4875.54 6




Optimising protein digestion

. - Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages

2. Middle-down proteomicspg= ot 5 ;
. p IDVHSQTAWVE 1284.63 2
SMGEDLFWAIR B 1324.64 4

: ILKENPNLCAY 9(Carbamidomethyl) N | 1334.68 2

2. Cannabis results SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5

Focus on: THCAS GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3

N : _ KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96 3
peptlde masses 1 SkDa SKHIPNNVANPKLVY 1693.94 2

. . . ILEKLYEEDVGAGMY 1729.84 6

¢ most peptldes contain > 2 mlscleavages GMSYISQUPFVWDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethy) 1819.83 4

 72% sequence coverage (12% BUP) GLAADNIIDAHLVNVDGK 1834.98 3
) . GGIMEEISESAIPFPHR 1869.93 3

° Most pept|des are mod |f|ed IDVHSQTAWVEAGATLGE 1883.92 3
AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4

NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4

YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7

NYGLAADNIIDAHLVNVDGK 2112.08 4

LVSAAQTILPDSDGAIDGHLRE 2278.18 4

LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7

VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5

TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6

IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5

. K10(Methyl); N18(NAG) 2440.20 5

THCAS 72% coverage, many PTMs (10 miscleavages) 2505.25 7

S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6

>sp|Q8GTB6|29-545 | THCAS_CANSA Tetrahydrocannabinolic acid synthase OS=Cannabis sativa C7(Carbamidomethyl) 2554.26 4
NPRENFLKCFSKHIPNNVANPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVV K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
—— ] Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
VDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMG 2979.47 8
- [ = = R C18(Carbamidomethyl) 3306.57 6
EDLFWAIRGGGGENFGIIAAWKIKLVAVPSKSTIFSVKKNMEIHGLVKLFNKWQNIAYKYDKDLVLMTHFITKNITDNHGKNKTTVHGYFSSIFHGGVD  [EX 3393.79 7
e e [ = = KK K16(Methyl); T25(Phospho); S28(Phospho); K30(Acetyl) 3418.82 8
K23(Acetyl); Y29(Phospho) 3462.71 8

SLVDLMNKSFPELGIKKTDCKEFS\WIDTTIFYSGVVNFNTANFKKEILLDRSAGKKTAFSIKLOYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIVE e e 7t e o) || s :
bY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9

EISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINWVRSVYNFTTPYVSQNPRLAYLNYRDLDLGKTNHASPNNYTQARIWGEKYFGKNFNRLVKY ~ Eore 33277 5
I e W T 383695 5
KTKVDPNNFFRNEQSIPPLPPHHH R K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
S - — JRAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
TTAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4

GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD _ IK7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5

ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE Yg15(Phospho): C26(Carbamidomethyl): K28(Methyl); K29(Acetyl) )| 4875.54 6




Optimising protein digestion

. . Peptide Sequence Modifications MH+ [Da] | # Missed Cleavages
2. Middle-down proteomicspez  —
. IDVHSQTAWVE 1284.63 2
SMGEDLFWAIR 1324.64 4
: ILKENPNLCAY C9(Carbamidomethy) 1334.68 2
2. Cannabis results SMGEDLFWAIR M2(Oxidation) 1340.63 4
KLYEEDVGAGMY 1374.63 5
Focus on: THCAS GGGGENFGIIAAWK 1376.70 3
WGVLFGFGPGLTVE 1478.77 3
N : _ KPIPETAMVKILEK K1(Methyl); M8(Oxidation) 1626.96 3
peptlde masses 1 SkDa SKHIPNNVANPKLVY 1693.94 2
. . . ILEKLYEEDVGAGMY 1729.84 6
* most peptldes contain > 2 m|SC|eavageS GMSYISQUPFWWDLR 1809.96 3
ENPNLCAYEAPSLDAR C6(Carbamidomethy) 1819.83 4
(o) 0

 72% sequence coverage (12% BUP) GLAADNIIDAHLVNVDGK 1834.98 3
) . GGIMEEISESAIPFPHR 1869.93 3
* Most peptides are modified IDVHSQTAWVEAGATLGE 1582.92 3
AGGTVLRLAKDLAENNK N-Term(Acetyl); T4(Phospho); K10(Methyl) 1906.00 4
H NRLVKVKTKVDPNNF N-Term(Acetyl); K5(Acetyl); T8(Phospho) 1935.99 4

[ ]
2/7 N AG I Iga n d S fo u n d ( N 3 2 9 a n d N 467) YFGKNFNRLVKVKTK N-Term(Acetyl); K4(Methyl); T14(Phospho) 1978.07 7
. . NYGLAADNIIDAHLVNVDGK 2112.08 4
 Other dynamlc PTMs: methylathnS, LVSAAQTILPDSDGAIDGHLRE 2278.18 4
. . . . LGKEAATKAIKEWGQPKSK T7(Phospho); K11(Methyl); S18(Phospho); K19(Acetyl) 2286.14 7
p hos p ho ryl ation, ac etyl ation, oxi dation VKKPIPETAMVKILEKLY T8(Phospho); K12(Methyl); K16(Acetyl); Y18(Phospho) 2316.19 5
TTIFYSGVWNFNTANFKKE T1(Phospho); T13(Phospho); K18(Methyl) 2354.07 6
IKLVAVPSKSTIFSVKKNME S14(Phospho); K16(Methyl); K17(Acetyl); M19(Oxidation) 2371.29 5
. K10(Methyl); N18(NAG) 2440.20 5
THCAS 72% coverage, many PTMs (10 miscleavages) 2505.25 7
S9(Phospho); S15(Phospho); K18(Methyl); M20(Oxidation) 2537.30 6
>sp|Q8GTB6|29-545 | THCAS_CANSA Tetrahydrocannabinolic acid synthase OS=Cannabis sativa C7(Carbamidomethy!) 2554.26 4
NPRENFLKCFSKHIPNNVANPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVV K17(Methyl); K21(Acetyl); T22(Phospho) 2609.35 5
—— [ Y3(Phospho); T11(Phospho); K19(Acetyl); Y21(Phospho) 2773.34 7
VDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMG 2979.47 8
- [ = mm R C18(Carbamidomethyl) 3306.57 6
EDLFWAIRGGGGENFGIIAAWKIKLVAVPSKSTIFSVKKNMEIHGLVKLFNKWQNIAYKYDKDLVLMTHFITKNITDNHGKNKTTVHGYFSSIFHGGVD  [EX 3393.79 7
e e [ = = KK K16(Methyl); T25(Phospho); S28(Phospho); K30(Acetyl) 3418.82 8
K23(Acetyl); Y29(Phospho) 3462.71 8
SLVDLMNKSFPELGIKKTDCKEFSWIDTTIFYSGVVN FNTQIX FéﬁlLLDRSAGKKTAFSIKLDYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIME VIMY 1 (Carbamidomethy: YL3@hospro): KL Methy: KeeiMet: Yaichosor | 368974 ;
bY Y1(Phospho); K3(Methyl); K22(Methyl); Y30(Phospho) 3691.71 9
EISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINWVRSVYNFTTPYVSQNPRLAYLNYRDLDLGKTNHASPNNYTQARIWGEKYFGKNFNRLVKY  Eore 33277 5

.

I R\ A ——— [ DQVESK 3836.95 8
KTKVDPNNFFRNEQSIPPLPPHHH R K1(Methyl); S8(Phospho); S18(Phospho); Y28(Phospho) 3853.81 9
S - — JRAKD T3(Phospho); C22(Carbarmidomethyl) 3929.05 7
ITAVTFRGPNDTHLDSLVGQALFGDGSAALIVGSDPIPE 3951.05 6
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTR T5(Phospho); K7(Methyl); C26(Carbamidomethyl); T36(Phospho) 4260.25 4
GQPKSKITHLVFCTTSGVDMPGADYQLTKLLGLRPSVK T8(Phospho); C13(Carbamidomethyl); T28(Phospho); K38(Acetyl) 4345.18 7
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHD | K7(Methyl); S15(Phospho); C26(Carbamidomethyl); S27(Phospho); K28(Acetyl) 4755.41 5
ISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDAE | S15(Phospho); C26(Carbamidomethyl); K28(Methyl); K29(Acetyl) 4875.54 6




Optimisation of intact protein analysis

Materials
Apical buds
(triplicates)

Protein extraction
TCA/Acetone precipitation
Gnd-HCl /DTT resuspension

IAA alkylation ’ TDP Data mining
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Optimising intact protein analysis, sequencing, and PTM discovery

w

3. Top-down proteomics (TDP)

Experimental design
1. Benchmarking MS/MS fragmentation using protein standards

v

é Protein Standards
| Myoglokin(Mya, 17 kD)
| Beta-lactoglobulin (BLG, 18 kD)
' Alpha-51-casein [a51CN, 24 kD)
Bovine Serum Albumin (BSA, 66 kD)
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Optimising intact protein analysis, sequencing, and PTM discovery

w

3. Top-down proteomics (TDP)

Experimental design
1. Benchmarking MS/MS fragmentation using protein standards

Standard preparation

Methods/Solutions

P . 1/ Weighing 10mg
/ Protem Standards 2/ Reconstitution and Reconstitution solution (1 mL):
| Myoglobin{Mya, 17 kD) Reduction 50% ACMN

Beta-lactoglobulin (BLG, 18 kD) 0.1%FA
‘ Alpha-51-casein (aS1CN, 24 kD) 10mM DTT
Bovine Serum Albumin (BSA, 66 kD) 3/ Alkylation 20mM IAA (final concentration)
4/ Desalting SPE C8 gravity column

Elution solution (1 mL):
B80% ACMN
0.1%FA
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Experimental design

1. Benchmarking MS/MS fragmentation using protein standards

Standard preparation

Direct infusion analysis

Methods/Solutions
P . 1/ Weighing 10mg
Fé Protein Standards 2/ Reconstitution and Reconstitution solution (1 mL):
| Myoglobin{Myo, 17kD) Reduction 50% ACN
Beta-lactoglobulin [BLG, 18 kD) 0.1%FA SID (0-100V)
' Alpha-51-casein [aS1CN, 24 kD) 10mM DTT ETD (5-25 ms)
Bovine Serum Albumin (BSA, 66 kD) 3/ Alkylation 20mM 184 (final concentration) CID (20-50eV)
4/ Desalting SPECS gravity column
Elutionsolution (1 ml): HCD [10_30 EV}
80% ACN
0.1%FA
MS/MS fragment conISIot
L neutral cell
experiment lost

PRECURSOR ) l
IONS ./f

activated
precursor

on
(Gates P, 2014)

fragmenting
on

activated fragment ion
(continues to fragment)

PRODUCT

w

H-oN

R

X3

O

a

s

Z3

Ro

I

X,

T

Y

ZT

(SOURCE: wikipedia)

SID, CID, HCD > b-ions and y-ions
ETD = c-ions and z-ions

Fragmentation notation

Z, X Y, Z

OH

49



Optimising intact protein analysis, sequencing, and PTM discovery

3. Top-down proteomics (TDP)

Experimental design

1. Benchmarking MS/MS fragmentation using protein standards

v

Protein Standards
Myoglobin(Myo, 17kD)
Beta-lactoglobulin (BLG, 18 kD)
Alpha-Si-casein (aS1CN, 24 kD)

Bovine Serum Albumin (BSA, 66 kD) | k=<3 /

Standard preparation

Reduction

3/ Alkylat

4/Desalting

1/Weighing 10mg
2/Reconstitutionand Reconstitution solution (1 mL):

50%ACN
0.1%FA
10mMDTT
ion 20mM 1AA (final concentration)
SPEC8 gravity column
Elutionsolution (1 mL):
B0%ACN
0.1%FA

Direct infusion analysis

| ey FERARARARSN

i
SID (0-100V) | @
ETD (5-25 ms)
CID (30-50eV)
HCD (10-30eV)

Example: Myoglobin (P68082 MYG_HORSE, 153 AAs, 17kD)

w

v Data processing

Manual search
SID ETD CID HCD

Xcalibur 3.1

s

i 1 s r0e

9, /9.1 b 4
0% |-

e ___O N

Qual

Browser

Xtract 3

ProSight Lite 1.4

olulslololewialalvitIniviwic xivielalolilalgini
lale v 1Rl FLYLGIHLP €1TILTElK #lo1x]FIKIMLL &
171e A ElMiklals €lole xIxlH elriviv tir Alulsls ¢
LK1 HIM ELA ELLIXLP ¢ A als HIALT KWK P

1 klviclelruitslolat b nlvienls Ikl Lo [oTF (s la
lolatalslamirixialulelele kil lalalxlrixiels
1Flale

Automatic search
ETD CID HCD

Proteome Discoverer 2.2

MATRIX
NeliaNe:l Mascot 2.6.1

= EET—

MASCOT MS/MS lons Search
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MS/MS spectra of myoglobin
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more
fragments as
SID energy
increases

more
fragments
as ETD, CID,
HCD energy
increases

Each MS/MS mode produces different fragmentation
patterns in an energy-dependent way.
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3 . TO p -d own p rOteO MICS (TD P) « Each MS/MS mode produces different fragmentation

patterns in an energy-dependent way.
MS/MS spectra of myoglobin * Fragmentation efficiency is precursor-dependent.
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SID

MS/MS spectra of myoglobin

00 100;
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* Each MS/MS mode produces different fragmentation
patterns in an energy-dependent way.
* Fragmentation efficiency is precursor-dependent.

Top-down sequencing of myoglobin

A

80

AA sequenced (%)
= R W s o~
o o o O O o O o

Total

>

W Y

low.m/z
ETD

-

higl_lj%rgiz

CID

48.51 3.22 42.
\8 8.51 893.22 9 .68/

1211.79

.

Precursor (m/z)

1304.93
13C 9)

Total

ETD is complementary to CID and HCD
MS/MS modes.
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MS/MS spectra of myoglobin
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Each MS/MS mode produces different fragmentation
patterns in an energy-dependent way.

* Fragmentation efficiency is precursor-dependent.

Top-down sequencing of myoglobin

A

80

70
= 60

Total

L
o

AA sequenced (%
B
(=)

30
20
10
0
84851 89322 94268 121179 1304.93 Total
Precursor (m/z)
B Precursor Observed Mass (Mo) 16,940.98 Da

(Diff. 0.019 Da 1.10 ppm)
83% inter-residues cleavages

GlLLs plelewlalalviLInlviwiG KIVIElAIDLITAlGIH]G
1Qle v L 11RLL FLTIGIHLP EITILTEIK FIDIK]IFIKIHLL K
171e A EMIKlALs EIDLL KIKIH GITIVLV L1T AlLlGLG |
LIKIKIKlG HIH ElA E[LIKLP L A Qls HlALTIKIHIKLILP

I KLYLLLELFLILs|PlALI LI HLV L LTHLs KIHLPLGIDLF G LA
olalalslamlriklAlL LeLLLFIRINDLITAlALKLYIKLELLTG

1Flale

BY ions, CZ ions

ETD is complementary to CID and HCD
MS/MS modes.

83% myoglobin residues fragmented.
Identified myoglobin fragments give
100% coverage.
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MS/MS spectra of myoglobin
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Each MS/MS mode produces different fragmentation
patterns in an energy-dependent way.

* Fragmentation efficiency is precursor-dependent.

Top-down sequencing of myoglobin

A

80

70
= 60
Total

L
o

AA sequenced (%
w =Y
e B

L]
o

-
[=]

L=]

848.51

Total

893.22 94268 1211.79
Precursor (m/z)

1304.93

Precursor Observed Mass (Mo) 16,940.98 Da

(Diff. 0.019 Da 1.10 ppm)
83% inter-residues cleavages

GlLLs plelewlalalviLInlviwiG KIVIElAIDLITAlGIH]G
1Qle v L 11RLL FLTIGIHLP EITILTEIK FIDIK]IFIKIHLL K
171e A EMIKlALs EIDLL KIKIH GITIVLV L1T AlLlGLG |
LIKIKIKlG HIH ElA E[LIKLP L A Qls HlALTIKIHIKLILP

I KLYLLLELFLILs|PlALI LI HLV L LTHLs KIHLPLGIDLF G LA
olalalslamlriklAlL LeLLLFIRINDLITAlALKLYIKLELLTG

1Flale

BY ions, CZ ions

* ETD is complementary to SID, CID and
HCD MS/MS modes.
* 83% myoglobin residues fragmented.
* |dentified myoglobin fragments give
100% coverage.
* Sequencing success | with T~ MWs.
80 80
70 70
60 60
a
£ 50 50 X
é 40 40 %
3 g
E 30 30 8
g 20 20
o
10 10
0 T T T 0
Myo BLGA aSI1CN-8PB BSA

Protein standards
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3. Top-down proteomics (TDP)

Experimental design

1. Benchmarking MS/MS fragmentation using protein standards

(~ Protein Standards

| Myoglobin(Myo, 17kD)
Beta-lactoglobulin (BLG, 18 kD)

' Alpha-51-casein (aS1CN, 24 kD)
Bovine Serum Albumin (BSA, 66 kD)

Standard preparation

1/Weighing

10mg

2/Reconstitutionand Reconstitution solution (1 mL):

Reduction

3/ Alkylation
4/Desalting

50%ACN

0.1%FA

10mMDTT

20mM 1AA (final concentration)
SPEC8 gravity column
Elutionsolution (1 mL):
B0%ACN

0.1%FA

Data processing

Direct infusion analysis

SID (0-100V) 7 '
ETD (5-25 ms)

CID (30-50 eV)
HCD (10-30eV)

vt Wt o poree I -

2. Apply best MS/MS methods to cannabis extracts

Cannabis
mature
buds

(triplicates)

1/Grinding

2/ Precipitation (O/N)

3/ Washing (x2)

4/ Drying

5/ Resuspension

6/ Protein assay
7/ Dilution

7/ Alkylation
2/ Desalting

8/ Evaporation

| Protein extraction |

Liquid N2 in mortar & pestle
TCA/DTT/A solution:

10%TCA

10mM DTT

Acetone

DTT/A solution:

10mM DTT

Acetone
Supernatant discarded

Pellet air-dried
Gnd-HC| buffer:

6M Gdn-HCI,

10mM DTT,

5.4 mM Na-citrate tribasic 2H,0,
0.1 M Bis-Tris.

BCA assay
Gnd-HCI buffer added so thatall
concentrationsmatch

20mM 1AA (final concentration)
SPECS gravity column
Elutionsolution (1 ml):

B0% ACN

0.1%FA

SpeedVac Evaporator (30 min

Manual search
SID ETD CID HCD

Xcalibur 3.1
Ll

Qual

Browser

Xtract

ProSight Lite 1.4

slelslolelewlalalviINviwic xIviclalolilalelnlc
lale v 1Rl FLYLGIHLP €1TILTElK #lo1x]FIKIMLL &
171€ A ElMiklals €lol x1kIH GlTIviv tlr AlLlGlG ¢+
LIKIXIX1G HiM ELA ElLIXIP L A als HlALTIXIHIKLI L
1 klviclelrutsiolati b nlvicinls (Kbl LG LolF 6 LA
lolatalslamirixlalulelelrRINDLIA KLY IXELLG
1¢lale

Automatic search

ETD CID HCD
Proteome Discoverer 2.2

o Setocton
9 Xoract ‘l]
Spectrum
W ¢ .

MATRIX
NeliaNe:l Mascot 2.6.1

= EEE—

MASCOT MS/MS lons Search
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3. Top-down proteomics (TDP) _ —

Experimental design SID ETD CID HCD ETD CID HCD
. . . . : Proteome Di 22
1. Benchmarking MS/MS fragmentation using protein standards Xcalibur 3.1 -

<

Standard preparation [ i !
e |.Ia.| p H
Methods/Solutions Direct infusion analysis %9 |k o
° o | E
= - 1/Weighing 10mg —_——r il | !
:J‘ Protein Standards 2/Reconstitutionand Reconstitution solution (1 mL): —\éi _‘ Browser xract ”» ]
"~ Myoglobin(Myo, 17kD) Reduction 50%ACN . =
Beta-lactoglobulin(BLG, 18 kD) 0.1%FA SID (0-100V) v s
' Alpha-Si-casein (aS1CN, 24 kD) 10mM DTT ETD (5-25 ms) Xtract f - A
Bovine Serum Albumin (BSA, 66 kD) 3/ Alkylation 20mM IAA (final concentration) cID (30_50 ev) f pen ' Exporser .
4/ Desalting SPEC8 gravity column )
Elution solution(1 mL): HED (10:30eV) ACCRARC: NNl Mascot 2.6.1
80%ACN
0.1%FA

. . B e
ProSight Lite 1.4 T

6lulslolslewlalalvitinlviwic xIvidlalolilalginG Yo same et
lale v 1Rl FLYLGIHLP €1TILTElK #lo1x]FIKIMLL &
171e A ElMiklals €lole xIxlH elriviv tir Alulsls ¢
LIKIXIX1G HiM ELA ElLIXIP L A als HlALTIXIHIKLI L
1 klviclelrutsiolati b nlvicinls (Kbl LG LolF 6 LA
lolatalslamirixlalulelelrRINDLIA KLY IXELLG

2. Apply best MS/MS methods to cannabis extracts L

| Protein extraction |

1/Grinding LiquidN2 in mortar & pestle
2/ Precipitation (O/N) TCA/DTT/A solution:
10%TCA
10mM DTT

Acetone LC-MS and LC-MS/MS analyses

3/ Washing (x2) DTT/A solution: A A AiR—.
L0mM DTT Intact protein analysis - E'- 2

Acetone 5 injections per bud -
4/ Drying Supernatant discarded UPLC-MS (duplicates) —

Pellet air-dried | —
5/ Resuspenszion Gnd-HCl buffer: UPLC-MS/MS (3 mEthOdS} \E
6M Gdn-HCI,
10mM DTT, ETD (ms) | CID (eV) | HCD {eV)
5.4 mM Na-citrate tribasic 2H;0,
0.1 M Bis-Tris. Low 5 35 19
6,/ Protein assay BCA aszay Mid 10 42 23
7/ Dilution Gnd-HCl buffer added so that all High 15 50 27
cencentrations match
7/ Alkylation 20mM IAA (final concentration)
8/ Desalting SPECE gravity column
Elutionsolution (1 mL):
B0%ACN
0.1%FA

9, Evaporation SpeedVac Evaporator (30min

Cannabis
mature
buds

(triplicates)
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3. Top-down proteomics (TDP)

Experimental design
1. Benchmarking MS/MS fragmentation using protein standards

Standard preparation

(- Protein Standards

Myoglobin(Myo, 17kD)

Beta-lactoglobulin (BLG, 18 kD)

? Alpha-51-casein (aS1CN, 24 kD)
Bovine Serum Albumin (BSA, 66 kD)

{
\

1/Weighing

Reduction

3/ Alkylation
4/Desalting

10mg

2/Reconstitutionand Reconstitution solution (1 mL):

50%ACN

0.1%FA

10mMDTT

20mM 1AA (final concentration)
SPEC8 gravity column
Elutionsolution (1 mL):
80%ACN

0.1%FA

Data processing

Direct infusion analysis
SID (0-100V) V-
ETD (5-25 ms)

CID (30-50 eV)
HCD (10-30eV)

2. Apply best MS/MS methods to cannabis extracts

Cannabis
mature
buds

(triplicates)

| Protein extraction |

1/Grinding
2/ Precipitation (O/N)

3/ Washing (x2)

4/ Drying

5/ Resuspension

6/ Protein assay
7/ Dilution

7/ Alkylation
2/ Desalting

8/ Evaporation

LiquidM2 in mortar & pestle
TCA/DTT/A solution:

10%TCA

10mM DTT

Acetone

DTT/A solution:

10mM DTT

Acetone
Supernatant discarded

pellet air-dried
Gnd-HCl buffer:

6M Gdn-HCI,

10mM DTT,

5.4 mM Na-citrate tribasic 2H,0,
0.1 M Bis-Tris.

BCA assay
Gnd-HCl buffer added sothatall
concentrations match

20mM 18A (final concentration)
SPECE gravity column

Elutionsolution (1 ml):
BO%ACN
0.1%FA

Manual search
SID ETD CID HCD

Xcalibur 3.1

arime

ey

Qual

Browser

Xtract

ProSight Lite 1.4

6lulslpleledialalvitinlviwic XivielalolilalGiniG
lale v L 1Irle FlYlaiwle €17IL1E]x Flolx] FIKIMLL K
171€ A ElMiklals €lolt k1M GLTIviv tlT AlLlGLG ¢
LIKIKIX1G HIM ELA ELLIXLP ¢ A als HlALT IXIHIKLI P
1 klviclelsutsiolat U Hlvic ks IKsle LG lolF 6 LA
lolatalslamirixialulelu e RINOLI A KIYIXEWLG
1Flale

Automatic search
ETD CID HCD
Proteome Discoverer 2.2

\
{»; Sprctromfon 0 |
)

\
Spectrum 1 |
S et |

=
{VBK‘ ‘3)
'

MATRIX
NeliaNe:l Mascot 2.6.1

B T

MASCOT MS/MS lons Search

Vows nme [

L N B ————

LC-MS and LC-MS/MS analyses

Intact protein analysis »ﬁh
T N _
5 injections per bud | -
UPLC-MS (duplicates) Y S
-~ = — I
UPLC-MS/MS (2 methods) = '"_i.; :
ETD (ms) | CD (&V) JHCD(eV) | J =
Low 5 35 19
Mid 10 42 23
High 15 50 27

SpeedVac Evaporator (S0 min

IITITIIIII g

M MASCOT Search Results

Data processing

Proteome
Discoverer 2.2
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Expressiol
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3. Top-down proteomics (TDP)

500 70000 00 1000 1100 1200 1300 1400 1500 1600 1700
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Bud 1
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10000 10500
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Excellent reproducibility
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A

Bud 1 TIC Bud 2 TIC Bud3TIC
100 Rep 1 100 Rep1 100 Rep1
ML..A}L
WOE 105 105
Rep 2 Rep 2 Rep 2
50 50 50
0 — — ‘l 0 4 .l 0
0 50 100 0 50 100 0 50 100
Time (min) Time (min) Time (min)
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e Excellent reproducibility
* Most cannabis proteins <30kDa
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* Excellent reproducibility
* Most cannabis proteins <30kDa

3. Top-down proteomics (TDP)

A BudiTic ey BUO2TC fer oy 23T et * 11,250 MS/MS spectra
50 50 50 ° - - ") i
EHM %MW% %JMMWM 213 186.3 (2-17%) matched in Mascot |
Rep2 Rep2 e Search time spanned min to weeks depending

on the DB and parameters (PTMs)!

50 0 50 100

Time (min) Time (min)

g Proteins identified in Cannabis samples
[T : Bud3 g g
d luted &
) 7 econvolute , .9 250
. ) T
' © [%,]
. ’ Q
: R o 200
“ ]
[T
© 150
MR o 9 Search time
‘ £ 100
=
=
” - B
Bud1 Bud3 Method error decoy decoy decoy decoy decoy decoy decoy decoy decoy decay
zoomed in zoomed in
99007 0000 Hos00 11000 10000 10500 33000 9300 10000 10500 11000 Tolerance 50 ppm 50 ppm 50 ppm 50 ppm 2 Da 2 Da 2Da 2 Da 2 Da 2 Da 2 Da
PTMs AOD AO none AOP none AO AOP none none AO AOP
Taxonomy C. sativa C. sativa C. sativa C. sativa C. sativa C. sativa C.sativa |viridiplantae all viridiplantaelviridiplantae
Database uniprotkB | uniprotKB | uniprotKB | uniprotKB | uniprotKB | uniprotkB | uniprotKB | swissprot | swissprot | swissprot | swissprot
Search parameters A, acetylation; O, oxidation; P, phosphorylation




Optimising intact protein analysis, sequencing, and PTM discovery

3. Top-down proteomics (TD

)

Focus on OAC:

A

100

Bud 1 TIC Bud 2 TIC Bud 3 TIC
Rep 1 100 Rep1 100 Rep1
50 | 50 50
ML..A}L
109 109
Rep 2
50 50
: 0 o T 0
50 100 0 50 100

600700800 800

o0 o0 10000

gl

Bud 1
zoomed in
10000

12000

1000 1100 1200 1300 1400 1500 1600 1700

Bud 1

deconvoluted g

10500

10 16000 19000

11000

Bud 1

LG-MS/Ms B

10000

Time (min)

Bud 2

deconvoluted g

10500 11000

Time (min)

6000 G000 10000 12000 14000

16000

deconvoluted g

18000

857% 1178.55,
z= =8
100 785.95 “ OAC
g 50 z=12 943134 10;:7960 1178.80
5 2=
3
1 11863.3 Da
= =21 113414 . .
E £51.80 | 74452 z7 | 117918 134663 65.5 min elution
5 2 =16 | =14 l J [ *53_‘157 1704.53
S R P Y T A 1 R - =9
Frererebeples bbb AL il o el ey SEA s sy
600 800 1000 1200 1400 1600 1800 2000 m/z

100 100
50 104138
69341 | 7=0 140465
2=2 =7
04—ttt T
— 500 1000 1500 2000 1500 2000 1000 1500 2000
: miz mfz
T a7e 70 87570
z=7
N 10 1009
= : LOW m 50 29 01 . 920,01
£ 31337 2=7 135660 E 373-37 z=7 135610
- = e—c = z=2 ] z= =
= (- S TV PR ol 222 (U S, | R HE
! 500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
= mz miz miz
5] 3?5770 875.70 875.70
100 = 100 =l 100 =7
916
509 76637 | 27 138610
Hadbp, =2
1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
m/z. miz
THeT 59017
100 78 100 N
775.54 1571.23
1527*1623 =7 __z=6
%0 [ 507 55632 |gaz.a7
z=1 z=7?
A N e 0 05 el
500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000
‘0? miz miz
'|'|' 1225 58 1225.58
£ 100 =3 100 =5
~ 132076 132090
B 50 1146.91 =T eo0n 50 121357 | 77 184926
€ Z:LJ J./ 722 2=
0 T TS R, 0
b 1000 1500 1000 1500 2000 1000 1500 2000
g ol m/z
117844 117843
— 7=8 =
100 1649.76
z=2
86740 1156.05 | 118330 195301 | 0 1018.13 | 1225.58 | 1649.26
7=3 2=8 z=8 =2 z=3 75 z=2
(e s o e e 0T
500 1000 1500 2000 500 1000 1500 2000
mz miz

857.31m/z (z=+11)
70% inter-residue cleavages
ETD works better
SIHLSTVIKT 11v1o] T1cT 116l €l Tlal cIvIRIAlCl P TlolviL
Lelvli leiwlols  k alklalila sla e rlTlElole v 6 ©

KIRIC EYs Alcle TIDLF L s v RV Y LWHLELTLTIR §
M6 LAY

1178.55m/z (2=+8)

65% inter-residue cleavages

CID and HCD work better
slulslviklilvlelriclilslelrlale vIRlalcle Tlolvie
el Lplw pl6 ¢ klalkla 1 als A PIRIT Elolc v 6 ©

KRCESACPTDIF LIS VRV YILWHLELTLTIRS
IMIGILTATY

Both charge states

82% inter-residue cleavages

ETD, CID and HCD together
slHlslvikLilvlelriclilslclrlalclvirlalcle Tlolvlt
1elmli Tpiwlols ¢ klalklalilalsla pirlTlelplc v 6 ©
1KIRIC Els AlclP TIBLF LIS v RLY YILIWIHLELTITIRIS
6T LIAlY

Elutes at 64-66 min (40%ACN)
Low m/z = ETD
High m/z = HCD, CID

62
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3. Top-down proteomics (TDP)

“ MATRIX
SCIEMCE

Protein View: I6WU39|OLIAC CANSA

MASCOT Search Results

Olivetolic acid cyclase 0S=Cannabis sativa 0X=3483 GN=0AC PE=1 sV=1

Database:
Score:

Monoisotopic mass [Mf):

Calculated pI:

Sequence similarity is available as an NCBI BLAST search of I6WU3S|OLIAC CANSA sgainst nr.

Search parameters

MS data file:

Enzyme:

OAC TEWUZS

270
115954

3.77

2015-05-04 MC bud=123 export-mgf_lz.mgf
NoCleava: cuts C-term side of J unless next residue is ABCDEFGHIJKLMNOPQRSTUVWIYZ.

w

Focus on OAC:

Low m/z = ETD
High m/z = HCD, CID

Elutes at 64-66 min (40%ACN)

N-term K4, K10, K12, K20, K25

acetyl methylated oxidised acetylated

OAC 100% coverage (N-Term protein M excised) + PTMs

>sp |16WU39| OLIAC_CANSA Olivetolic acid cyclase OS=Cannabis sativa OX=3483 GN=0OAC PE=1 SV=1
MAVKHLIVLKFKDEITEAQKEEFFKTYVNLVNIIPAMKDVYWGKDVTQKNKEEGYTHIVEVTFESVETIQDYIIHPAHVGFGDVYRSFWEKLLIFDYTPRK

M37K38, K44 T47K4A9,K51 T56, T62,565,T68,Y72 S87,
phoshorylated

Variable modifications: Methyl (K], Acetyl (K], Acetyl (Proetein N-term], Acetyl (N-term], Oxidation (M), Phespheo (5T, Phesphe (Y]

Protein sequence coverage: 99%

Matched peptides shown in bold red.

1'!!bl LIVLE FEDEITEAQE EEFFETYVHL VHIIFAMEDVY YWCEEDVTOEN
IVE VTFESVETIQ DYIIHPAHVG FCGDVYRSFWE ELLIFDYTFE

51 EEE
101 K

N-term M excision of OAC and PTMs not referenced in UniprotKB

Unformatted sequence string: 101 residues (for pasting into other applications]).

Sort b}"@ residue number

Show (® matched

Query
704
6735
=E703
=703
6725
HE738
6733
eE733
=E735
ee7a3
efE7a7
6738
efe713
efegal
efe8ag

Start —

2

M oK R M R R RM KM MM MMM

O increasing mass

O decreasing mass

peptides unlyo predicted peptides also

End
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01
i01

Observed

11866,
iisio.
11866,
11866,
2875
-2835
11869 .
11869,
.2io2
.2878
.28935
-2835
1i868.
11395,
11983,

11869
11869

11870
11869
11869
11869

3070
3060
3070
3070

3060
3080

1750
3102
3118

Hr (expt)

11865
11309
11865
11865
11668
11668

11669
11868
11868
11668

-2887
.2987
-2887
-2887
.2802
2862
11868 .
11868 .
-2030
.2802
.2862
2862
11867,
11994,
11982,

3007
3007

1677
30289
3045

Hr (cale)

11863 .
11305,
11543
11543
11543
11543
11543
11343,
11543
11357,
11357,
11357,
11961,
izoo1i.
12079,

16289
1735
1292
1292
1292
1292
1292
1292
1292
1449
1449
1449
1237
1711
1218

-DiBD
-0347
-6517
-6517
- 6267
- 6267
6265
- G265
-6180
-T432
-T431
-T431
.T8EL
-0s72
-BO15

[TON = T I Y

0_0DO0&%
0.035
0.00033
0_0D58
0.o1i1
0.ooDe1
0.opzz2

e =R R R - I = === Ry
B og 222383238238

OAC proteoforms

Peptide
AVEKHLIVLEFEDEI TEAQKEEFFKTYVHLVNI I FAMED W YWCKDVTOKNEEESY THIVEVTFESVET IQDY I THPAHVGFCOVYRSFWEELLIFOYTPRE . -

S AVEHLIVLKFRDEITEADKEEFFET Y VHLYH I I FANE DT W ED Y T EHEEE Y THIVEV TFESVET IODY I INFAHTCF GOV Y RSFWEELLIFOYTTFRE .
_thWmImLWIIPWWMWTHMTIW[I}'EPJ\HFGFGD?\"RSEWEKLLIFDYTPRK.
_thWmIWLWIIPWWmmMTIW[I}'EPJ\HFGFGD?\"RSEWEKLLIFDYTPRK.
_thWmIWLWIIPWWmmM;IW[I}'EPJ\HFGFGD?\"RSEWEKLLIFDYTPRK.
_thWmIWLWIIPWW\THmS?ETI@JYII}EPWSMKLLIM_
_thWmIWLWIIPWWmmMTIW[I}'EPJ\HFGFGD?\"RSEWEKLLIFDYTPRK.
.thWmlmmLWIlpmmmS‘?ETIC!DYIIID’.HH‘?GFGD?TRSFWEKLLIFH\'TPRK.
_thWmIWLWIIPWW\THmS?ETI@JYII}EPWSMKLLIM_
.thWLmITEmmLWIIPmKDmmmmTIWIIHmSmLLIm.
AVEHLIVLEFKDE LI TEADKEEFFET Y VHLVH I I FAMED VY WC KDV TOENEEE Y THIVEV TFESVE TIODY L IHPAHVCE GOV Y RSFWEELLIFDYTFRE .
_h?KHLr?LKI‘KDEITEHD;EEmT\WLWIIPWWWTFEM;IWII}TWSWLLIM_
- thWLKFEJEImmLWIIPmeHKmI?EHFBmTIW! IHPAHVCE GOV TRSFWEELLIFOYTPRE . -
.thWLmIWKT\WL‘?HIIPMKW‘kDWm\THmmTIWIHTmSmLLIm.— + 3 Methyl (E); Cocidation (M) ; Fhospho (ST)
.h?EHLI‘?LKFKDEITEHm\WL‘?HIIP@?\WW.FEGYIHMS?ETI@JKIIITHH?UFGD'?VREIFWEKLLIFDYTPRK.— + Methyl (E): Acetyl (E): Phospho (ET):

Reatyl (KD

Fhospha (ST}

Fhospha (ST}

Fhospha (ST}

Fhospha (ST}

Fhospha (ST}

Phospho (5T)

+ Phospha (5T}

+ Methyl (E); Phosphe (ST)
+ Methyl (E); Phosphe (ST)
+ Methyl (E) ; Fhosphe (5T}
+ Methyl (E): 2 Aocetyl (E)

+ o+ o+ + o+ o+ o+

Phospho (T
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3. Top-down proteomics (TDP)

Examples of PTMs discovered by TDP.

395
59 40
40.5
59.5
4
| ‘ & M3 ‘ ‘ | ‘l
| | \
60.5
~. | 81
s . 4
[ |u\
+80Da | 615 ~. J 45
phosphorylation | |
| I 44
[3
17400 30 500 550

+4, S~

Retention Time (min)

T ———— SSS—S—S—S—S———,
80 13830 13900 13910 13920 13830 13940 13950 13960 13870 13980 13990 11200 11250 11300 11350 11400 11450 11800
504 | 4.4
506 f 48
508 ‘ 4
‘ 51 5
514 [ 254
‘ | \ % 518 |‘ | |‘ ‘ 25
‘ il e ‘ \ ‘ ‘
| \ 2
‘ ‘ ‘ 522 ‘ | 28.2
524 264
526 %5
‘ ‘ %8
51 | ;
534 74
-0 <~ -~ -~ r - T+ 71T r - - T T T T
15150 15200 15250 15300 15350 15400 15450 ‘MHH 4 00 9620 9640 9660 9500 a0 60 9650 4700 8740 9800 8850 9900 8940 0000 10050 0100 01580 0200

46 cannabis proteins identified, 136 proteoforms with different PTMs
(N-term M excision, N-term acetylation, methylation, acetylation, phosphorylation).

Accurate mass (Da)
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3. Top-down proteomics (TDP)

Protein methylation.

l"I|||11]| W H]

|u]|| N
I:|| | I

8000 8500 89000 89500 10000 10500

Accurate mass (Da)

11000

11500

Retention Time (min)

Cannabis proteins
heavily methylated.

K methylation of
histones determines
chromatin structure and
affect gene expression.

K methylation of non-
histone proteins enables
protein-protein
interactions.







Conclusions

- BUP: Robust gualitative method that gives access to
phytocannabinoid enzymes [1].

- MDP: Similar to BUP with greater sequence

' coverage and more proteins identified [2].
y -y - TDP: Quantitative method but mostly unknown features.
Proteoforms of identified proteins [3].

Highly complementary strategies. e

Validates genome annotation (proteogenomics). costs
tools

Future directions identities

Apply each of these methods to various cultivars  EREREIAYE

of medicinal cannabis and hemp. proteoforms
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