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Introduction

History of cannabis and legislation

Hand et al, 2016

Australia

illegal
drug

https://djpr.vic.gov.au/medicinatannabisin-victoria

2018

o=

The Victorian The Victorian Law The Access to Medicinal  The first cannabis Victoria's medicinal cannabis
Government asked Reform Commission's Cannabis Act 2006 ressarch licence under Industry Development Plan
the Victorion Law Report on Medicinal passed, creatinga the Narcotic Drugs Act released.
Reform Commission Cannabis was tabled in framework to enable 1967 was granted by the
to report on options Parliament access to medicinal Office of Drug Control The éxpgﬂ nfor\;jdvclgﬂl oo
for changes to the It add Key i cannabis to defined toa Victorian based c:?hnnc: ER{ P cts legalis ith
law to allow people e groups of patients. company. roud @ Lommanwea
to be treated with Irtludmgculr._wutlan. ) Narcotic Drugs Amendment
sneclicin] cannabi manufacturing and The Victorian The Commonwealth (Cannabis) Reguiations 2018,
The cannabinold receptor CB1 in exceptional supply of high quality Govemnment received permitted bulk imports
Howdett circumstances medieinal eannabis the first authorisation of medicinal cannabis
products in Victoria, in Australia from the products. :::::
appropriate clinical Office of Drug Control
oversight and the need to cultivate medicinal munun|
for ongoing research cannabis. d

and clinical trials

The Commanwealth The first commercial Further public announcements
amended to the permit to cultivate
Narcotic Drugs Act medicinal connabis invest and build cultivation
1967 to regulate the awarded to a Victorian and manufacturing facilities,
cultivation, production commercial entity.

and manufacture of
cannabis for medical
and scientific use as
required under the 9

Single Convention on

Narcotic Drugs 1961. Medicinal cannabis

plants cultivated by the
Victorian Government
transferred to Vietorian
commercial entity.

Imported medicinal
cannabis legally
awailable
gy
r

Dec 2015: Andrews Government (VIC) introduc
the Access to Medicinal Cannabis Bill 2015
(cultivation, manufacture and distribution).

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

Medicinal Cannabis
Industry Development

by commercial entities to

Asia-Pacific headquarters, and
research and development
centers in Victoria.



Introduction

Medicinal C‘annabis and high CBD content for epilepsy

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.

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.

EverBlueport 2017

—
Stugiies below the mean ; Studies above the mean
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Introduction

Cannabis secondary metabolism
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Introduction

Focus on olivetolic acid cyclase (OAC UniProtKB 16WU39)

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

: Phyt INoi
/ 3,5, -trioxododecanoyCoA \ ytocannabinoid

Olivetolic Acid Cyclase l ! : -

(OAC) | 87
cyclization

OH

COOH
HO

Olivetolic acid

K Yang et al, 2016 j Gagne et al, 2012
\_ Yang et al, 2016 -/




Introduction

Focus on THCA synthase (THCAS UniProtKB Q8GTB®6)

Extracellular (secreted): Signal Peptide (SBE§ AA; mature sequence Z15 AA (62kDa)

Flavoprotein Cofactor Flavadenosine dinucleotide (FAR)sulfidebond (C37C99)

Ligands: A1) x NacetytD-glucosamine (NAG @lcNA¢mass=221) (attached to asparagine N residues)
Position of NAG on AA sequent&,N65, N89, N168, N297, N305, N329, N467, N499

Some glycosylated N are not needed for enzymatic activity (N89, Ndig9lét al, 2018)

4 »di, NAG N(

"i OH

3 4 \_ A%-THCA

x

HO

THCA Synthasta/
‘ COOH
0]

OH

Hexanoyl-CoA
COOH . . .
Cannabigerolic acid
OLS
OAC

OLA

Stout et al, 2012

\ Shoyamaet al, 2012 /




Introduction

Cannabis proteomics up to 2018

Raharjoet al, | Bona et al, Park et al, Aiello et al, | Behr et al,
LITERATUR o™ * |55 |55 |50 55" | SUMMARY

Tissues leaves, roots hempseed hempseed hypocotyls
flowers, flour flour
trichomes
Powder homogenisation Tris/sucrose/ Sucrose/Na  Tris/NaCl/
thiourea/DTT phosphate CHAPS
Protein precipitation 10%TCA/2ME/ 10%TCA/H20O 20%TCA/ 20%/DTT/
acetone H20 acetone
Phase partition Phenol/NH4
acetate
Protein resuspension Urea/CHAPS/ Urea/CHAPS, Urea/thiourea Tris/NaCl/ Urea/thiourea
DTT Triton/DTT ICHAPS/Tris/ CHAPS ICHAPS/Tris
DTE
Protein separation 2-DE 2-DE 2-DE 1-DE 1-DE, 2D
DIGE
Protein digestion trypsin trypsin trypsin trypsin trypsin
Protein identification PMF NnLCMS/MS nLCMS/MS nLCMS/MS PMF

3 7 ¥ B 458 R8ZR

fess Raw E72 E22
ferie
- [
Town
- g
X - " -
lezs
b
o R
Lo
LI )
0

1/5 study on flowers/trichomes (where
phytocannabinoids@ccumulate)

3/5, different buffers

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

1/5

4/5 ureabased solutions,
different composition

5/5 getbased separation

5/5 trypsin
2/5 PMF, 3/SnLCGMS/MS






Materials- Methods

Complementary proteomics strategies

PTM1 Allelic variant PTM2
digested
Proteolytic

digesfion (e.g. _—ih_*—
r BUP)

MS/MS

.I.Ill
1 ‘%

Fragment
ions of
peptides

#I%;?

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-Mind Gtermini (100% coverage)

=
. Fragment
(O ions of
E proteins D
(¢b] ] ——
E MS/MS —:ﬁ- -‘;’;:p
S
D
a Protein intact
E denaturation
M
8 _ PTM1 Allelic variant PTM2
- | digested
Proteolytic
E digestion (e.g. _—£:L———ﬁ:;F
@)) trypsin for BUP)
L
MS/MS — d:::h
- - - - __
Fragment = - (]
ions of
peptides
#:%;?
Peptide fragments along the sequence (rarely 100% coverage)
(adapted from Bottom-up proteomic (BUP)

Wikipedia) 11



Materials- Methods

Complementary proteomics strategies
Top.down proteomics (TDP) ~ (Vincent et al; 2016, 2018, 2019; Raynes et al. 2018)

: : . Top-down proteomics (proteins)
Fragmentation of whole protejn from-find Gtermini (100% coverage) + Protein quantitation
+ Allelic variation
> ::PTM ?naly5|s i
E F ragment -gorr%t:ngitryog?fsensample t .I:
£ poens —— ety
- Smakmi Ws (<
QC) L I _ Dynamic fange
E MS/MS e e m
|
<)) |
a Protein intact
E denaturation D ‘ ‘ ‘ l down |
E;A; E::E L
8 _ PTM1 Allelic variant PTM?2 - " up
- | digested
Proteolytic _
" digestion (e.g. —_&_—_‘:ﬁp | a
@)) trypsin for BUP) : J‘ : J l
= ifiri 1 11 Lk J|| Sl | LT T e
T low speC|f|C|ty/h|gh efﬁmency . |
MS/MS oSt matur nique
g — — ‘::h + Widely used, lots of tools
prOt@SQ === = —— - :?3” mVst mpl
Fragment ! Dy(r)1arFr’1iec rzzgep es
[ f - n i
o small pe ptldes (O BkDa)
- Protein processing
#% ? - Protein quantitation
Peptide fragments along the sequence (rarely 100% covefag))ttom-up proteomics (peptides)
(adapted from Bottom-up proteomic (BUP) (vincent et al; 2009; 2011; 2012; 2015, 201

Wikipedia) 12



MDP: bringing the best of both BUP and TDP worlds

Top-down proteomics (TDP)

Fragmentation of whole protein from-Mind Gtermini (100% coverage)

E\ Fragment
_ICE iongof
- proteins
GE) MS/MS —:;_ _ﬁ;{?
)
EQ dpé%t:tig ration I ntact
Hﬁﬁh:
O PTM1 Allelic variant PTM2
; I digested
E di;ezgg/n((:e.g. _M
@) trypsin for BUP,
-j—: GluCfor MDP) h f t /I ff
.. hig specfficity/low e |C|ency
. Protease-=—
e large peptldes (CiOkDa)

] Top-down proteomics (proteins)

+ Protein quantitation
+ Allelic variation

+ PTM analysis

+ Protein processing

- Complexity of the sample . .
_ -Relatively new approach Middle-down proteomics (MDP)
- Smalmid MWs (<40kD) ;
- Dynamic range (Iarge peptldes)
+ Protein quantitation
+ Smalarge MWs
10-50kD + BUP tools
+ complex samples
+ PTM analysis
‘ ‘ down - Allelic variation
Lol i L W WU PR N W 3-10kDa - Dynamic range
>~ - Protein processing
up - Very recent approach
down
m
. ..HJ | ‘\.l..LJIhJ.l _IHIKLL‘ Wiy ”Uﬂm. ‘ J“ llu _‘ M\ T ..I I ol . . .
~ + Most mature technique . _ - u l M ‘ e
+ Widely used, lots of tools P I K NPT ‘J.‘\ 1 T A

+All MWs

+ Complex samples
- Dynamic range

- PTM analysis

- Allelic variation

- Protein processing
- Protein quantitation

Peptide fragments along the sequencdoéer to 100% cover?alg@ottom-up proteomics (peptides)

Bottom-up proteomic (BUP)

(adapted from
Wikipedia)

13

Middle-down proteomics (MDP)



Materials- Methods

Pal

Proteases donot al ways get 1t

Miscleavage®ave been reporteds a result ofhe protease skipping a seemingly cleavable residue.

Example tryptic digest of &£oumarate:CoA ligase (4CL) (trypsin targets R and K residues)
X¢co9!' Dt [ ¢ca{[!ClOY!I C5+xY! D!/ D¢+t+xtwb! 9a¥YL+t5t9¢D{{[twbvVvtD9

AFDVVAGACGTW/

AFDWAGACGT\RNAEMIVD P@TGSS’LP

G
AFDVVAGACGTWWNAEMIVDPETGSSINOPGEIEGGDQIMGYLNE

A Miscleavageproduce longer peptides.

A Indispensable to discover PTMSs.

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

A Miscleavages specific proteases that target rare AAs produce even longer peptides

Al 2SOSNE | GeLAOKE .'t &addzRé aSkNOKSa&E +zNJ YI.E



Materials- Methods

Proof-of-concept studies
- Overall experimental design

1stexperiment optimisation of protein extraction from mature buds for BUP (trypsin).
2nd experiment optimisation of protein digestion for protein identification using BUP and Ml
3'd experiment optimisation of intact protein analysis and sequencing using TDP.

Protein digestions _—
. BUP and MDP Data mining - -

CID

e

aw 0
) L £
0] » o4 TS = w4
- -4\ GRS 3 N » m
L BN L L) S
O (= Be | Wkl W £
A P e T T T T N ) =i

S -

M

| ProTEOME Discoverer §iiee

Mascot 2.6.1

Materials

Apical buds
el Protein extraction ‘ l
: .

TCA/Acetone precipitation

Gnd-HCI /DTT resuspension
! TDP Data mining

k‘
\
=)
\
L]
M\ PROTEOME DISCOVERER
,

IAA alkylation

PROTEOME DISCOVERER
Mascot 2.6.1 slHlslvikLilylolriclilelclrlal clvirRlAalclp TlDlvIL
1eEWMLITPwlole ¢ klalklalilalsla pLRITLEIDIC v G €

Genedata 1k1R1c €ls Alclp TIDLF LIS v RLV YLLIWIHLELTLTIR]S
Expressionist®
IMIGILIATY







Optimisation of protein extraction

Materials
Apical buds
(triplicates)

: "t :_,l _

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

17



Optimising protein extraction

1. Bottom-up proteomics (BUP)

Liquid N2 ground Extraction Solutions Liquid N2 recovered A
. mature buds (tfiplicatfs) A ol olution: trichomes (triplicates)
Xperiment : 10%TCA e

10mM DTT 10mM DTT

d eSi n acetone EtOH
g Urea buffer: 1 i

6Murea, 6M Gdn-HCI,

10mM DTT, 10mM DTT,

10mM Tris-HClpH 8.0,| 5.37 mM sodiumcitrate

75mM NacCl, 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



1. Bottom-up proteomics (BUP)

Liquid N2 ground

Extraction Solutions

Liquid N2 recovered

E . t mature buds (triplicatgs] TCA/DTT/A solution: | TCA/DTT/EtOH solution: ) tri?homes (triplicates)
Xper” I Ien 7 10%TCA 10%TCA = LR
10mM DTT 10mMDTT
d eSi n acetone EtOH
g Urea buffer: Gnd-HCl buffer: d
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 yes 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

Trypsin/LysC digestion

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

~

Trypsin (K,R) kysQK)
aSRAdzY aLdOdFAOAGE

| AAK STFTAOASY

oe

7
i

Database search, data processing and statistical analyses

PROTEOME DISCOVERER 1.4
Expressionist®

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

2 2 2
s 8 8
= 8 3

400
500
600
1000
1100
1200

1300

1400

1500

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

TCA/DTT/EtOH

Apical bud Extraction 5

S
5]
6

Apical bud Extraction

400
500
600
700
300
900
000
100
200

300

400

500




Optimising protein extraction

1. Bottom-up proteomics (BUP)

160 proteins identified from 5,675 peptides using BUP.

100

20

80

70

60

50

40

Database hit (%)

30

20

10

Percentage of identifications per extraction methods

M Proteins
W Peptides

|
I A

.l_
AB1 AB2

AB3 AB4 ABS ABG T1
TCA/acetone TCA/ethanol
urea GndHCl urea GndHClI urea GndHCI urea

Extraction methods

T2

GndHCI

Methods AB4 and AB6 (TCA/A or TCA/E precipitaBoial
HCI resuspension) are the best protein extraction methods
for mature buds (more identities, more reproducible).

Ao A

Methods AB4 and AB6 are the only
methods that recover enzymes involve
In the phytocannabinoid biosynthesis.

CBGA

THCAS

THCA

A Hexanoyl-CoA

OAC
r
o]

B Column Peptide
W AB1 intensity
oLs Il AB2
. AB3 2110%))
7] AB4 .
"] ABS
AB6 T 7
cor HT! 1 M |
2 RS EE ERE EE NS R R R R RN
KVSPSLGLLK
SEHMTOLKEK
— KNMEIRGLVE
CBDAS [ KPPETAWVTILEK
TYVHLVNIPAMK
PKTPIKYSYNNFPSK |
LUFDYTPRK 1
TLVDPHNFF
L SVYNFTTPYVSQNP! 13
— LAYLNYR
Row L NEQSIPPLPR 12
TYVNLVMIPAMK £
oLs AIKEWGOPK 21
] OAC L sacokvarsikLDYK
B cot [ LWPSKATIFSVK 100
[l CBDAS . HEMOTLDAR
CLSQYIPTNVTNAK
W THCAS — LVKVKTLVDPNNFFR
KVSFITSKSPVAVLE
DVYWGKDVTOK
TRIKYSYNNFPSK
DASDVEGDTK
| — HIPNNVANPK
QDMLWEVPK
FNNPDVLTKVE
C werksTFSvic: | S 0000 |
CSESLSIAKNSIR
LIFDYTPR
SFHLONKCSESLSIAK
OVPMLISNNIEK |~ 200004
L IYNFMTPYVSK
uuuuuu

Method chosen: AB4 (TCAM GndHCI)



Optimising protein extraction

1. Bottom-up proteomics (BUP)

Focus on
A OAC ¢glivetolicacid cyclase) (101 AAs, 12kDa)
A THCASétrahydrocannabinoli@cid synthase) (516 AAs, 59kDa$

Column Peptide
H |-CoA

A == B &
(] ABE 2110
[] AB4
] ABS
AB6

[ R#! ,
| R Pp8EE 033888 - 283588, 988 'Y
KVSPSLGLLK
SEHMTQLKEK
KNMEIRGLVE
KPIPETAMVTILEK

OAC 34% coverage, no PTaMniscleavages

>sp|I6WU39|OLIAC_CANSAivetolicacid cyclase OS=Cannabis sativa

MAVKHLIVLKFKDEITEAQKHEERR{LVNIIPAMKDVYWGKDWKEBEGY THIVEVTFESVETIQDYIIHPAHVGFGDVYRSFRWERK
I I

T

HRKTPIKYSYNNFPSK

TLVDPNNFFR
NFTTPYVSQNPR
LAYLNYR
NEQSIPPLPR

[

Row

oLs
[]OAC
B Got
Il CBDAS
B THCAS

OA

AKEWGQOPK
POOKVAFSIKLDYVE

LWVPSKATIFSVE

LVEHEMQTLDAR
[CLSQYIPTNVTNAK
PKVKTLVDPNNFFR
'SFITSKSPVAVLK

Mrr

Q

TPIKYSYNNFPSK
DASDVEGDTK
HIPNMVANPK
CQDMLWEVPK
FFNINPOVLTKVE
JLVAVPKSTMF SVKK
CSESLSIAKNSIR

[r

SFHLONKCSESLSIAK I
DVPNLISHNIEK
e NIYNFMTPYVSK

uuuuuu
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Optimising protein extraction

1. Bottom-up proteomics (BUP)

Focus on
A OAC ¢glivetolicacid cyclase) (101 AAs, 12kDa)

A THCASétrahydrocannabinoli@cid synthase) (516 AAs, 59kDa$

OAC 34% coverage, no PTaMniscleavages

>sp|I6WU39|OLIAC_CANSAivetolicacid cyclase OS=Cannabis sativa

MAVKHLIVLKFKDEITEAQKEERR. VNIIPAMKDVYWGKDWKBEGYTHIVEVTFESVETIQDYIIHPAHVGFGD VLY RERWER
I I

THCAS 12% coverage, no RZMhiscleavages

>sp|Q8GTB6|2%45|THCAS_CANSIAtrahydrocannabinoliacid synthase OS=Cannabis sativa

NPRENFLKCFSRNNVANRR/YTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGGHDA
I

VDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAHL
EDLFWAIRGGGGENFGIIAAWKIKP SKSTIFSVKKNMEIHENKVQNIAYKYDKDLVLMTHFEITKNITDNHGKNKTTVHGYFSS
SLVDLMNKSFPELGIKKTDCKEFSWIDTTIFYSGVVNFNTANRBKIENARRKLDKRIRETAMVKILEKLYEEDVGAGMYVLYPY
EISESAIPFPHRAGIMYELWYTASWEKQEDNERHINWWVRPYVSQNALNYRDLDLGKTNHASPNNY TQARIWGEKYFGKNH

KTKVDPNNFFRNEQSIPPLPPHHH

EG

VN

IFH

G

NR

MISYISQVPFVV
/DGKVLDRKSMG
GGVD

ME

LVKV

oLs

B THCAS

Column
M AB1
B AB2
B AB3
] AB4

| ABS

AB6

| Rt
Em2
KVSPSLGLLK
SEHMTOLKEK

KPIPETAMVTILEK
TYVNLVNIPAMK
KTPIKYSYNNFPSK )
LUFDYTPRK
TLVDPNNFFR

LAYLNYR
NEQSIPPLPR
TYVNLYMIPAMK
AIKEWGOPK

LVEHEMQTLDAR
CLSQYIPTMNVTNAK
MVIKTLVDPNNFFR

K

DVYWGKDVTOK
TPIKYSYNNFPSK
DASDVEGDTK

K

QDMLWEVPK
FFNNPDVLTIVE
LVAVPKSTMFSVKK
CSESLSIAKNSIR

LLIFDYTPR
SFHLONKCSESLSIAK [
DVPNLISHNIEK
NIYNFMTPYVSK

mEsRl

qqqqq

o

Peptide
intensity

21-10%4
210%
191054
1810%
17105
1.610%4
1510%
1.4-10%4
1310%4
1.2110%4
;%1 1054
100000
30000
50000
70000
60000
50000
40000
30000
20000
10000

PES

4
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Optimisation of protein digestion

Protein digestions

E @)

BUP and MDP Data mining =—===—f
CID

L - W
A o
| o
5
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10 2] £) »
2= ) £ [
N T F3) 1 il
\ [z T e = »
) OO Peeasien § O et e ptes S-Cowdn | 83% 6| L

| ProTEOME Discoverer §iiee : ”

Mascot 2.6.1

gL

313

§

& SIE
+ o+
[

1} I.
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Optimising protein digestion

2. Middle-down proteomics

Experimental design

Pure bovine serum
albumin (BSA)

TCA/Acetone precipitation

Gnd-HCI/DTT resuspension

A4

Peptide digests

<>

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

Database search,

fn ‘5'_

PROTEOME DISCOVERER 1.4

data processing and

statistical analyses

| ‘e
o | At
= |

Genedata

Expressionist®

1. Digestion tests on BSA

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

2. Application to cannabis samples

Mixture of digests (1:1v/vor 1:1:1v/v/v)

E-EE C+E-E -
[7]-+ 6+ = e

24




Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

BSA digest LMS patterns

1A
*.. BSA structure __ '
(Majoreket al. 2012) g AR Pt O - ‘ [ §
" Mature form: 3 1 Gil | &
: 583 AAs, 66kDa Protease digestion efficiency
g C 12
observed (%) r
AA composition of BSA 8
10 % 6
*g‘ 8 a . l
E 6
o 2 S T
4 I L NumberofMSpeavks
2 0 |
0 F L W Y D E ‘ K R
LEKADVCTPSFRYQHGINMW Chymotrypsin GluC
4 4 AA 41 4 0 AA targeted by the proteases
I:hy'ronyps”'l | Digestion efficiency varies from B D o
GIuC Ic;ne zrc[))teas_ed to an?tthe_r. | q BSA peptides elute from3 min (939% ACN)
an resiaues ortaniscieave along 3001600m/z.



Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

A PCA (PC1 x PC2 plot of columns) B HCA 1 -
au G->C
T:C
T:C
304
—MT:G:C
Colum 2
— MW T:G:C
aT
204 mG G:C
8 ® mc G:C
~ 10 W T->G c
[ RES c
&
2 o B W T->C
Ly mTC :
=) A ® 0’ Colum W G->C 3 T->6
w ~
] ® =8 + T mGcC T->C
h W T>G->C T->C
C el
E :T . B TGC TsGeC
e [ REC] T->G->C
® () % T->C G
304 ATC 4 &
- G->C T

25

™

25
<
o
o

& TG:C l_(:: T:6
Eigenrow 1: 32.8% T:G

w Reproducible analyses.
T w Digestions with C (C, GC, TC) more
orthogonal than with T and/or G.
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Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

A PCA (PC1 x PC2 plot of columns) B HCA 1 mesc

au
- T:C
30] i T:C
T Column 2 T:6:C
m B oT T:G:C

20 .
= G G:C

v S ® mc e

v G:C

Z

~ 104 Lot W T->G c

ci B

z o  J W T->C

= o . CRES T->¢

& A ® & Column B G>C 3 T->G6
T->C

>
vod L 53 & oT mGcC >
:G W T->G->C T->C
c W T:G:C
0] o & T>G T->G->C
3 T->G->C
- ®T1G

G
G
° 2 © % T->C G
304 : ATC 4 ,—:e
R -G->C T
i ﬁ =) &b ¥ G:C

® T->G->C

¢ TG \_: T:6
T:G

Eigenrow 1: 32.8%

C BSA sequence alignment

LYEIARRHPY ~ ASSARQR CCHGDLLE

w Reproducible analyses.

T w Digestions with C (C, GC, TC) more

v

orthogonal than with T and/or G.

w BSA sequence areas resisting digestior
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Optimising protein digestion

2. Middle-down proteomics (MDP)

1. Benchmarking using bovine serum albumin (BSA)

A PCA (PC1 x PC2 plot of columns) B HCA 1 mG.sC
2 L—mc->c
- T:C
: DE: re
304
T:G:C
Column 2
= | | or T:G:C
204 . mG _'::s:c
2 vY mc 6:C
~ 10 B T->G c
: S -
% e (e} 4 mT>C
g o CRES T->¢
) A * 0’ Column W G->C 3 T->G
W 104 L 4 b 4 & oT HGcC T.>C
*G W T->G->C T->C
mc BTG T->G.>C
-207 + 16 T->G->C
n ®TG G-
° 2 © % T->C G
-3 - ATC 4 4
= =G->C T
S ° & v G:C T
) @ T->G->C )
@ TG:C \_: T:6
Eigenrow 1: 32.8% T:6
BSA sequence alignment
LYEIARRHPY ASSARQR CCHGDLLE

R ERILEL R SR LS

MR

10 E L AR VAR

0O 08 R0 LT 0 E T 0 A S GRAERA ESMLIETIN

D BSA sequence coverage

91.3%
93.1%
90.2%

0 20 40 60 80 100

single digestions

<—best sequencing result

w Reproducible analyses.

T w Digestions with C (C, GC, TC) more

v

orthogonal than with T and/or G.
w BSA sequence areas resisting digestior
w Excellent coverage (>90%) using single
digestions
w Best coverage using T.:G (96.6%).
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Optimising protein digestion

2. Middle-down prOteomiCS (MDP) "3 Reproducible analyses.

_ _ _ _ Digestions with C (C, GC, TC) more
1. Benchmarking using bovine serum albumin (BSA) orthogonal than with T and/or G.

A, PO (e x ez ot of olumn B "o Lo w BSA sequence areas resisting_ digc—:_stior
g = ] w Excellent coverage (>90%) using single
e £ = , EE:: digestions
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s T e e mre = w Peptide size decrease when proteases
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C BSA sequence alignment
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Optimising protein digestion

2. Middle-down proteomics (MDP) ot G e GG, 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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2. Middle-down proteomics (MDP) —

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

2. Cannabis results

A PLS — score plot
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A Reproducible analyses.
A Most peptides identified with TC.

A 27,123 unique peptides identified, 494 accessions and 229 annotations (30% more than BUP).
A Secondary metabolism 23%, energy 31% (photosynthesis 12%), gene expression 19% (protein 14%).
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2. Middle-down proteomics (MDP) —

2. Cannabis results

Inred, cannabis enzymes identified in this study.
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