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Dr. Adesh Ramsubhag
Metagenomic Study of the Bacterial Diversity of the Nariva Swamp, Trinidad
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Computational Analysis of Meta-omics Datasets






































































































Dr. William Nierman
Overview of Emerging Infectious Diseases



















































































































































































































































Dr. Christine Carrington
Emergence of Chikungunya virus in Trinidad






























Expansion of CHIKV to the Americas (Dec 2013 - present)

e Dec 2013: St. Martin outbreak; spread to
other countries in region.

St Martin




Phylogeny of Chikungunya viruses associated with outbreak in

Saint-Martin
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Phylogenies say more than who is related to whom

15

|-----= EEmE . "E|
P AL RIERERRES . EEEEE

CEE T T L e ey
EI2EOIBRFEASEESRERE =SB EEEE

DENV3

More gene flow
Strong spatial structure among countries

Clear pattern of lineage extinction and replacement (within and ~ L€ss lineage turnover
among countries) Exponential growth
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Correlations between predictors & rates of DENV geographic

spread within the Americas

DENV-1 DENV-2 DENV-3 DENV-4
Predictor In coc fTicient In coefficient In coefTicicnt In cocficient
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Predictors of CHIKV spread

“strong spatial signature in the regional epidemic, with
the risk of transmission between areas estimated to be
inversely proportional to the distance rather than
driven by air transportation”

Cauchemez et al. Euro Surveill. 2014 Jul 17;19(28):20854.

Consider
72 Immunologically naive populations
?2 Rapid expansion and evolution

72 Adaptive mutations & Ae. albopictus



The CHIKV Challenge

Debilitating pain, persistent symptoms = economic losses
- In naive populations, seroconversion rates = 30 — 60%

- Decrease in tourism e.g. 60% during 2005-2006 outbreak in La Reunion
(Soumahoro et.al. 2011)

- Jamaica estimated $30 million loss (Jamaica Observer, Oct 20th 2014)

No vaccine
: straight forward? (only one serotype; confers life long immunity)
: Will apparently immune mediated pathology be an issue?

Rapidly expanding and evolving = increased chance of adaptive mutations
- Ae. albopictus more common in temperate areas, more diverse breeding sites

Mosquito control difficult



Febrile illness surveillance study

Collect demographic &

clinical data cell culture /

Species specific PCR /
next generation sequencing

Identify other viruses associated

DENV and CHIKV
specific real time RT-
PCR & ELISA

with febrile illnesses in T&T

DENV —and CHI

4 N

Use data to assess accuracy
of DENV and CHIKV testing
by participating institutions

tients with acute undifferentiated fevers or
history of fever within 7 days

and make
recommendations where
- necessary.
J ) \ J

Determine proportion of febrile iliness cases

attributable to DENV and CHIKV their spatial and
temporal distribution




158 individuals presenting at the Adult Priority Care Facility (APCF) of

the EWMSC (25 Dec 2013 — 5 Nov 2014 )

Sex Ethnicity Nationality

B Afro-Trinidadian

¥ Indo-Trinidadian

B Male
W Female
Mixed ENonTT
m Other
B Unknown

Education Level Employment Status

B Unemployed
B < Secondary School ploy

> Secondary School Employed 32 m>32

Unknown Unknown




Mumber of Study Participants
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Results (CHIKV+ vs CHIKV-)

Patients with confirmed CHIKV infection:
« more likely to report joint pain (83%, p=0.020)

« less likely to have travelled outside of Trinidad in the 2 weeks
prior to interview (17%, p=0.044)

e less likely to have reported having laboratory-confirmed dengue
previously (7%, p=0.026)

« more likely to have presented to the A&E earlier (mean days post
onset of fever: 2.39 [CHIKV+] vs. 3.33 [not CHIKV+], p=0.021)

 lower mean white blood cell counts (6.52 [CHIKV+] vs.
8.36x103/ml [not CHIKV+], p=0.016)



Between the 38 patients CHIKV+(n = 30) and with confirmed DENV (n=8)

No statistically significant differences (p < 0.05) in symptomatic
presentations
when compared to DENV, persons with CHIKV more often reported joint pain

(83% vs. 50%, p=0.071) and rash (33% vs. 0%, p=0.082), and less often reported
abdominal pain (7% vs. 38%, p=0.053)

«  Patients with DENV had significantly lower median white blood cell count
(3.50 vs. 6.00 x103/ml, p=0.028) and platelet counts (1.47 vs. 2.39x10°/ml,
p=0.022)



MCC phylogeny of CHIKV whole genomes
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Within-Host Variation (CHIKV)

For 3 of the 8 individuals there was sufficient depth of sequencing for reliable SNV analysis.

3 individuals

Nt position 9377 G2A
. Residue 604 in E2, Gly = Glu
. Freq 2.03%, 2.08% and 2.69%

1 individual

Nt position 1229 T2A, 1.1%
. Reside 384 nsp1l, Leu = Leu

Nt position 3277 G2>T, 1.6%
. Residue 1067 nsp2, Ser =2 lle

1 individual

Nt position 9039 G =T, 1.18%
. Residue 491 E2, Glu = Stop codon



Why do CHIKV symptoms persist?

Molecular mechanism of chronic arthralgia still not well understood

Nature of joint pain appears to be inflammatory

- Markers of inflammatory response found in tissues

Patients are positive for markers of RA (Manimunda et.al. 2010)

- But no RA-related classic symptoms e.g. erosion of cartilage/bones

Theories :

- Viral persistence in tissue sanctuaries
Evidence from mouse studies that CHIKV RNA (of all strains) persists, specifically in joint tissue
Adaptive B- and T-cell responses clear virus in muscle tissue but incompletely in joint tissue

Prophylactic mAb treatment prevented persistant infection but only tissue-specific effects when administered
therapeutically

- Re-activation of virus
- Uncontrolled pro-inflammatory cytokine response and/or cross-reactivity with self antigen

Manimunda et.al. (2010); Hawman et.al. (2013)
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Virus Protein Hit (VPH)

Enterobacteria phage, phiX174

Cyprinid herpesvirus 3 (Complete genome)

Enterobacteria phage, phiX174

Bovine herpesvirus 1 (Complete genome)

Suid herpesvirus 1 (Complete genome)

Enterobacteria phage, phiX174

Human Immunodeficiency Virus 1 (HIV1)
(Complete genome)

Suid herpesvirus 1 (Complete genome)

Torque teno virus 3 (Complete genome)
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Suid herpesvirus 1 (Complete genome)
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Dr. Rembert Pieper
Proteomics as a Complement to Microbiome and Metagenomic Studies



Omics Technologies: Overview

Rembert Pieper, Associate Professor,
J. Craig Venter Institute

Course, University of West Indies, February 2015

J. Craig Venter
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Genomics ....... Proteomics
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Genomics ....... Proteomics

Genomics

primary

DNA RNA MRNA MRNA
transcript
transcriptional MRNA
P processing MRNA
control
control transport
control
MRNA

degradation v
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Proteomics

primary
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' "mature" active
protein protein
protein protein
maturation modification(s)
control e.g., PO4, etc.
protein
degradation
control
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Synergy and Overlap of Protein and mRNA

Measurements

Expression Level Intracellular ~ Protein Modifications Body Fluids

High
1

Protein

Both
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Q
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Proteomics: There Are Many Objectives

Characterize the proteome of a cell, a subcellular organelle, a
protein complex
Identification — Quantitation — Functional Analysis — Structural Analysis.
........ with decreasingly parallel applications

Surrogate biomarker for disease onset or progression,
therapeutic treatment or toxicity of a drug

Metaproteomics in the age of metagenomics
Host-pathogen interactions
Mutualism in microbial communities
Using proteomics to enhance genome annotation

J. Craig Venter
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Proteomics - Bioinformatics Interface

1 Recombinant
protein expression

1 Recombinant protein
expression 2 Protein microarrays

2 X-ray and NMR 3 Functional or
analysis immunological assays

Computational tools for Genomic information
ata analysis

1 Protein activity-based
1 2-D gel electrophoresis labeling

2 Mass spectrometry 2 Protein affinity-based
3 Quantitative measurements Interactions

3 Mass spectrometry




Why the Need for Genome Information

in Proteomics ?

Because the sequence of the protein is essential for reagent design and automated identification

B Forward genes

Escherichia coli Features Escherichia coli , Y Features
. Forward genes b

. ??”’_‘f!n;.;. mniﬁf""?-;' ;

N T e B

J. Craig Venter

I' NS T I TUTE




How Analytical Proteomics Started
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Protein Identification: Mass Spectral Data
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From Proteome Data to Biochemical

Pathway Analyses
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Tomorrow’s Tutorial

e Use Proteome Discoverer

Mass spectral data
Peptide identification
Protein assignment
Probability-based scoring

e Use MeV

Upload proteomic data

Clustering datasets

Draw conclusions from quantitative proteomic changes
Use databases to assess functional significance

J. Craig Venter
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Mass Spectrometry for Proteomics

Rembert Pieper, Associate Professor,
J. Craig Venter Institute

Course, University of West Indies, February 2015

J. Craig Venter




Mass Spectrometry

Mass spectrometry (MS) is an analytical technique for the determination of
the elemental composition of a sample or a molecule. It is used to elucidate
the chemical structures of molecules, such as peptides and other chemical

compounds.

1. lonization

A -

Data Analysis

2. Mass Analysis

3. Detection

J. Craig Venter
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Mass Spectrometry Technologies

1. lonization

2. Mass Analysis °

3. Detection

Matrix-Assisted Laser Desorption lonization (MALDI)
Electrospray lonization (ESI)

Atmospheric Pressure Chemical lonization (APCI)
*  Nobel Prizes for J. Fenn, K. Tanaka, M. Karas & F. Hillenkamp, 2003

Time-Of-Flight (TOF)

Quadrupole (Q)

Quadrupole lon Trap

Linear lon Trap Quadrupole (LTQ)

Fourier Transfrom lon Cyclotron Resonance (FTMS)
Orbitrap

Electron Multipliers
lon-to-Photon Detectors
Pairs of Metal Surface Inductive Detectors

J. Craig Venter
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The Physics Laws of Mass Analyzers

Mass analyzers separate the ions according to their mass-to-charge ratio. The following two laws govern the dynamics of charged particles in electric and magnetic fields in vacuum:
F = Q(E + v x B) (Lorentz force law);
F = f1a (Mewton's second law of motion in nen-relativistic case, i.e. valid anly at ion velocity much lower than the speed of light).

Here F is the force applied to the ion, m is the mass of the ion, a is the acceleration, @ is the ion charge, E is the electric field, and v x B is the vector cross product of the ion velocity
and the magnetic field

Equating the above expressions for the force applied to the ion yields:

(m/Q)a=E+v x B.

T B2 e m/Q=m/z
ST (815880 E (Hee - S &= .
<700 Retector Spc #tm>BG{ER = 1687, 25 m/z ratios are represented by the
" _ spectral peaks detected after ion
" passage through the mass analyzer

 Intersity
g

=

&
1237 74

J. Craig Venter
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Electrospray lonization

peptides droplets
» dissolved in aqueous/organic P evaporating solvent
solvent mixture (pH < 3)
D
O 4
) (&
& o+
flow — S
. A ) 5
AN | B @
\ &
e.g., thermally controllable LC capillary -+

hV

J. Craig Venter
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MS and Tandem Mass Spectrometry

lonization Mass Analysis

MS Tandem MS MS2

lonization Separation Activation Mass Analysis - CraigVenter

TTTTTTTTT



A quadrupole linear ion trap instrument

Electrospray ionization source
Samples / C ¢ LC

lon trap mass analyzer

e e T

J. Lﬁ'ig Venter
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LC-nESI-MS/MS - Software

Qual Browser
File Edit Wiew Display Grid Ackions

Tools

window  Help

AZ15A001, A215A004, A215A006, A2154A

12 - [A205A01 2.RAW

w2l =

55| &| B[@|o| «[v|R[+[e|s]e || B o502 HiwHE @ ET mE| 22 o]e

ChxcalibundatalAZ05AM2054012

3M15/2004 11:234:27 AM

RT: 0.00-27.00

1769 4772 ML: ﬂ

Relative Abundance

100
30
60
40

20

100
&0
&0
40
20

0

14.28 1536 1559 |

1762

160 171

1595 |

4.07 15.29 |

T T T T T T TR

12 13 14 15 1E 17 12

1] 1 z 3 4 1 E v - a 0

1

Time [min]

18,23

12,47
18,20

1388

1.15E7
EBage Peak F:

AZ0SADT2

" o143 22y 2368 243 2472 2513 2641

ML:
4 E5ET

TIZF: RE
A205A012

21.36
—22'—11 2288 2368 p485 2520

22

23

24 26 26

AZ0ZANE #333 RT: 1790 Av: 1 NL: 212ES
T: ITRMS » & MSTd Full ms2 6327 4@ 35,00 [ 120.00-1400.00]

. NVVESTPITIQGK

40

Relative Abundance

2326
G464

442,26
529,35

h-t_-ts.a-t
39425 51122 ‘
L o e |J'| |L| |||'| =T

33234
nd e

[229.22 29518
L R 1

67045

E31.39

FhE.D3

944,56

5754
TE.14

340,46
B04.44

5a446 J 30254

963,42
Pt

107253

03642
146 i
ok

NF2E2

250

154,53

123988 q2g179
; ;)

200 260 200 350 400 450 500 550

Time: 5,71, Intensity: 7,90e+4+006, Scan Filker: {none)

Lo
E00

Moo b
et

=1

o0 TE0 200 250 00 a50

miz

1000 1050 oo

1
10 1200 1250 1300 1350 1400

_um




Peptide Fragmentation in the Collision Cell

N-terminus

C-terminus

J. Craig Venter




Peptide Fragmentation in the Collision Cell

N-Terminus C-Terminus

lon Activation \

X, Y, Z-ions
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Table of Amino Acid Residue Masses

Symbol Structure Mass (Da)
Ala A -NH.CH.(CH;).CO- 71.0
ArgR -NH.CH.[(CH,),.NH.C(NH).NH,].CO- 156.1
Asn N -NH.CH.(CH,CONH,).CO- 114.0
Asp D -NH.CH.(CH,COOH).CO- 115.0
Cys C -NH.CH.(CH,SH).CO- 103.0
GInQ -NH.CH.(CH,CH,CONH,).CO- 128.1
Glu E -NH.CH.(CH,CH,COOH).CO- 129.0
Gly G -NH.CH,.CO- 57.0
His H -NH.CH.(CH,C,H;,N.,).CO- 137.1
lle | -NH.CH.[CH.(CH,)CH,.CH,].CO- 113.1
Leu -NH.CH.[CH,CH(CH,),].CO- 113.1
Lys K -NH.CH.[(CH,),NH,].CO- 128.1
Met M -NH.CH.[(CH,),.SCH,].CO- 131.0
Phe F -NH.CH.(CH,Ph).CO- 147.1
Pro P -NH.(CH,),.CH.CO- 97.1
SerS -NH.CH.(CH,OH).Co- 87.0
ThrT -NH.CH.[CH(OH)CH,).CO- 101.0
Trp W -NH.CH.[CH,.C,H.N].CO- 186.1
TyrY -NH.CH.[(CH,).C.H,.OH].CO- 163.1

J. Craig Venter
Val V -NH.CH.[CH(CH,),].CO- 99.1 I'NSTITUTE
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Data-Dependent MS? Acquisition

Qual Browser, - A215A001, A215A004, A215A006, A215A011, A205A012 - [A205A012.RAW]
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Tryptic peptide digest

e LC separation of peptides
(30 min)

e MS peak chromatogram:
total ion counts

e Select 5 most abundant
ions for MS?

e Apply CID

e Acquire MS? spectra

e Repeat cycle of MS + 5 MS?
hundreds of times

e Submit tandem MS data
to database searches

J. Craig Venter
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Parameters for Mass Spectrometry Analysis

Resolution=R = m

Mass accuracy: difference between theoretical and experimental mass

— 6 *
ppm = 10 (mreal _ mmeasured) / mmeasured

i.e.: theoretical mass: 1000, measured mass: 999.9 error: 100 ppm

J. Craig Venter
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Sensitivity = signal/noise = S/N



Differential Gel Display
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Post-Spot Match Analysis of Data
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Tryptic Peptides:

Most Common Analytes in Proteomic Research

lsciences Mascot Search Results
Tryptic peptides identified for EF-G

Protein View

Match to: gi|82778621 Score: 445
GTP-hinding protein chain elongation factor EF-G [Shigella dy=senteriae 5d197]
Found in search of C:4Program FilesiMatrix SciencehMascot Daemon'mgh 1470 Sdl

R / YRNIGISAHIDK
R/ ILFYTGVNHK

MNominal mass (M ): 77670; Calculated pI walue: 5.24

MNCEI BELAST search of gi|82775621 against nr

Unforwatted segquence string for pastihg into other applications

Taxonowy: Zhigella dysenteriaese 3d197

Fixed modifications:
Variable modifications:
Cleavage by Toypsin:
Sequence Coverage:

21%

Methylthio (C)
Oxidation (M)
cuts C-term side of KR unless

Matched peptides shown in Bold Red

1
51
101
151
201
251
im
in
401
451
s0
55
601
651

MARTTPIARY
DUWHEQEQERG
RSHMRVLDGAV
FLEVVHQIKT
TFEYEDIFPAD
ALROQEVLNNE
DSEDTFAEERH
NSVEALRERF
DAFIILEFME
EESNQTIILG
VEGEHAKQS G
PAVDREGIQEQ
FEEGFEEAEKP
GYEIHAEVWPL

BFHIGISAHID
ITITSAATTA
MW YCAVGGYQ
RLGANPVFPLQ
WWELANEWHOQ
IILVTCG3AF
ASDDEPFSAL
GRIVOMHANE
FPEFVISIAY
MGELHLDIIV
GRGOVGHVY I
LEAGPLAGYP
VLLEPIMEYVE
SEMF GYATQL

AGETTTTERI
FUSGMAKQYE
POSETVWEROL
LATIGAEEHFT
NLIEZALAELS
FIEGVOANLD
AFKTATDPEV
REETEEVRAG
EPETEADQEK
DEMEEEFNVE
DHYPLEPGSN
VWDNGIRLHF
VETPEENTZI
RSLTEGRASY

LFYTGVHHEKI
PHRINIIDTP
NEYEVPRILF
GVVDLVEMEL
EELHEEYLGG
AVIDYLPIPV
GHLTFFRVYS
DIAAATGLED
MGLALGRLAK
ANWVGEPQVLY
PEGYEFINDI
GETHDVD3ISE
VIGDLSRRRG
THMEFLEYDEL

next residue is F

GEVHDGLATH
GHVDFTIEVE
VNEMDFMGAH
INWNDADQGY
EELTEAEIKG
IWPAINGILD
FVAGDTVL
YTTGDTLCDE
EDFSFREVWTD
RETIRQENTD
KGGVIPGEYI
LAFFLARSTA
HMLEGQESEVYT
PENVAQAVIE

R / MGANFLKVVNQKITR

R / HASDDEPFALAFK

K / IATDPFVGNLTFER

K / EVRAGDIAAAIGLK

R / MEFPEPVISIVEPK

K / LAASIAFK

. K/ EGFKK

10. K / AKPVLLEPIMK

11. K/ GQESEVTGVK

12. K / IHAEVPLSEMFGYATQLR

©®NOU A WN R

J. Craig Venter
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FASP Sample Processing

N TN

Whole cell lysate in 8M urea, 2M thiourea, 50mM Tris, 0.1% SDS (UTTS)

Jiw

100 pg
lysate
l 10K MWCO
LJ
1m“ st
50 mM .6
AA, 1 \ 8,

—

Centrifugation
14,000 =g for 30 min

Excess Tryptic
IAA, 3 pepiides, 7
Mann et al. Nat Methods. 2009, 6, 359

J. Craig Venter
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L
Centrifugation : Incubate the units Centrifugation
14,000 =g for 30 min for 16 hours 14,000 =g for 30 min




LC-MS/MS Principles

protein sample | protein identifications |
Protein
level
peide
o SroNping,
f;_l';l-ﬂ‘ihf]ﬂ'ﬂ verddefatiom
ipestion
Peptide 0] -
level TAAAA A 4 A
- peptide identifications
LUAMENS citerhaye
Fearch,
walidating
ME/MS spectra
IC\"'EI il ] 1 ddlid 1 ] i, 1 i
MS/MS spectra

J. Craig Venter
Nesvizhskii et al., Anal. Chemistry, 2003 INSTITUTE




Peptide Spectral Counting

collection of mapping

_ » parent proteins
observed peptides

LC-MS/MS —

= — S— 6/48

=iy — = 3/48

e peptides map to parent proteins

e spectral counting attempts to infer protein abundance from the
number of peptides observed for each protein

e APEX quantitation method corrects for variable MS peptide

detection
J. Craig Venter
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