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The 2011 Nobel Prize in Physiology or Medicine
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Jules Hoffmann at the French National
Center for Scientific Research
(1996, Toll drosophila model)

Infection of the human body by pathogenic microorganisms such as bacteria, viruses, parasites or fungi triggers the
immune response. It occurs in a two-step process: innate immunity halts the infection, and adaptive immunity
subsequently clears it.

The immune system |

HELPED TO ELUCIDATE INNATE IMMUNITY
Discovery of the Toll pathway

Ralph Steinman at Rockefeller
University in New York City
(1973, Dendritic cells, human model)
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Innate immunity Adaptive immunity
Components of microorganisms bind to Toll-like Dendritic cells activate T lymphocytes, which initiates
receptors located on many cells in the body. This adaptive immunity. A cascade of immune reactions
actvates innate immunity, which leads to inflammation follows, with formation of antbodies and killr calts. D | S COV E RY O F D E N D R |T| C c E L LS
and to the destruction of invading microorganisms.
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Blood & epithelial cells, glands

Drosophila fat body

The Drosophila immune response

Constitutive or inducible by infectious and / or inflammatory stimuli
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Brief history on the defense peptides
Founders of this discipline
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Optimization of the bioassays and the analytical strategies
Liquid assays & MS as the key of the lock
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Two different strategies in parallel

functional assays & cDNA sequencing

versus
differential profiling by HPLC and MALDI-ms

Drosophila antimicrobial effectors (AMPs), 1991
Drosophila Immune-induced Molecules (DIMs)



Discovery of the drosophila immune peptides
A question of scale down
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Drosophila antimicrobial effectors (AMPs)
functional assays and cDNA sequencing
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Fic. 1. Final purification of the antibacterial peptide. The
peptide was submitted to reversed-phase HPLC on an Aquapore OD
300 Cys column X 4.6 mm, Brownlee) eluted with a linear gradient
i idified water (dotted line) over 90 min at
sorbance was monitored at 225 nm
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elution time of a synthetic peptide corresponding to the amino acid
sequence of the antibacterial peptide. The antibacterial £
the different fractions was monitored by liquid growth inhibition
assay (column).
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Drosophila antimicrobial effectors (AMPs)
functional assays and cDNA sequencing
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Fic. 1. Final purification of the antibacterial peptide. The
peptide was submitted to reversed-phase HPLC on an Aquapore OD
300 Cys column (250 X 4.6 mm, Brownlee) eluted with a linear gradient d . 1 9 93
of 8-20% acetonitrile in acidified water (dotted line) over 90 min at
bt b et drosocin ( )
(full line). Arrow, elution time of the native peptide; dotted arrow,
elution time of a synthetic peptide corresponding to the amino acid
sequence of the antibacterial peptide. The antibacterial activity of
the different fractions was monitored by liquid growth inhibition
assay (column).
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Drosophila antimicrobial effectors (AMPs)
functional assays and cDNA sequencing
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Fic. 1. Final purification of the antibacterial peptide. The
peptide was submitted to reversed-phase HPLC on an Aquapore OD
300 Ci column (250 X 4.6 mm, Brownlee) eluted with a linear gradient d . 1 9 9 3
of 8-20% acetonitrile in acidified water (dotted line) over 90 min at
a flow rate of 2 ml/min. The absorbance was monitored at 225 nm rosocin
(full line). Arrow, elution time of the native peptide; dotted arrow,
elution time of a synthetic peptide corresponding to the amino acid
sequence of the antibacterial peptide. The antibacterial activity of
the different fractions was monitored by liquid growth inhibition
assay (column).

ASSAYS

synthesis

secretion

Drosophila adults

Relative abundance (%)

- Acetonitrile(%)

——— Absorbance (225 nm)

1. Electrospray mass spectrometry of metchnikowin: a novel an-
timicrobial peptide isolated from bacteria-challenged adults of Dro-
sophila. Peaks at m/z 606.09 and m/z 757.46 are multiply charged ions
with five and four charges corresponding to a mass of 3024.94 = 1.20 Da
(isoform A). Peaks at m/z 609.94 and m/z 762.18 are multiply charged
ions with five and four charges corresponding to a mass of
3044.95 +0.48 (isoform B).
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from Drosophila with antibacterial and antifungal properties - e ~ i
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Two different strategies in parallel

functional assays & cDNA sequencing

versus
differential profiling by HPLC and MALDI-ms

Drosophila antimicrobial effectors (AMPs)

Drosophila Immune-induced Molecules
(drosomycin, 1992 & DIMs 1994)



Differential analysis by HPLC: Drosomycin & Toll pathway
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Charles Hetrui, and Jules A. Hoffmanni1
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Fii. 1. Reversed-phase HPLC separation of extracts of naive

(A) and challenged adult males of Drosophila (B). The material

. eq e contained in fraction F-30% (see “Results”) was loaded on an Aquapore

Fungal growth inhibition 0D300C,, column and eluted with a linear gradient (dotted line) of

acetonitrile in 25 my ammonium acetate buffer pH 5.2. Absorbance was

monitored at 225 nm (solid line). Note the appearance of an absorption
peak P-30 in the extract of challenged insects.

1 » ] b 40
DCLSGRYKGP CAVWDNETCR RVCKEEGRSS GHCSPSLKCW C’EC‘\:.‘

Fic. 2. Amino acid sequence of the bacteria-induced 44-resi-
due peptide.

r
| Fio.7. Inhibition of fungal growth by the 44-residue peptide.

| Photomicrographs were taken after 24 h of incubation of a B. cinerea
;  spore suspension in half-strength potato dextrose broth supplemented

DI‘O SO myc in (1 994) with 1 mt CaCl, and 20 my KCl in the absence of the 44-residue peptide

(control, Panel A), or in the presence of 1.25 pv peptide (Panel B).
Arrowheads indicate sites of hyphal lysis.

29 "JFSM Orléans 2012, 17-20 September



Differential analysis by HPLC: Drosomycin & Toll pathway
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Differential analysis by MALDI - MS
body fluid from a single fly

« e e SAMPLE PREPARATION
septic injury

(M. luteus & E. coli) Dried droplet (purified molecules)
(matrix solution / sample)

Thick layer (mixture, body fluid)

Hemolymph collection (M1 NC/4HCCA- Sample - M2 4HCCA)

0.1 uL

Thin layer (HPLC fractions)
(M1 4HCCA- Fraction)

Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 11342-11347, September 1998
Immunology

Differential display of peptides induced during the immune

response of Drosophila: A matrix-assisted laser desorption CHAPTER 11

ionization time-of-flight mass spectrometry study

SANDRINE UTTENWEILER-JOSEPH*, MARC MOLNIATTE%, MARIE LAGUEUX*, ALAIN VAN DORSSELAERT, A MALDI'TOF Mass Spec"ometry Approa(h
JULES A. HOFFMANN*, AND PHILIPPE BULET** to Investlgate the Defense Reactlons

in Drosophila melanogaster, an Insect Model
for the Study of Innate Immunity

PH. BuLet' and S. UTTENWEILER-JOSEPH®



Differential analysis by MALDI - MS
Molecular mass fingerprint (blood from one fly)

Uttenweiler Joseph et al, PNAS, 1998
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Differential analysis by MALDI - MS
cell free hemolymph vs blood cells

Uttenweiler Joseph et al, PNAS, 1998
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Detection by MALDI-TOF MS
of drosomycin in Drosophila trachea

The EMBO Journal Vol.17 No.5 pp.1217-1227, 1998

D.Ferrar_Idon‘, A.C.Jung, M.-C.Criqui?,
A drosomycin—GFP reporter transgene reveals a E-Ilhqqaltrgl f-l'{nttgnwﬁll]lerdoscfph.
local immune response in Drosophila that is not Michaut, J.-l.Reichhart an
J.A.Hoffmann
dependent on the Toll pathway

Drosomycin-GFP* trachea

drosomycin

Drosomycin-GFP- trachea
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MALDI-TOF MS time course analysis of
appearance of the DIMs upon bacterial infection
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MALDI-TOF MS time course analysis of
disappearence of the DIMs
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Induction of DIMs in mutants with an alterated
immune response

Mutant strains:

Imd, Toll-loss and Toll-gain of function



Imd mutants
Four DIMs are controlled by the Imd pathway: DIMs -9, -11, -15 and -16
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Toll mutants

drosomycin

Toll gain of function 13
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Absorbance at 214 nm

Differential analysis by p-HPLC & MALDI - mass
fingerprint

HPLC off line or on line LC-ms (20 flies)

Uttenweiler Joseph et al, PNAS, 1998
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Induction upon infection of 75 *DIMs

* Drosophila Immune-induced Molecules



Identification & characterization of 33 novel DIMs
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Results of the differential display by u-HPLC and
MALDI-TOF MS

After a 24h microbial-challenge at least 75 DIMs are detected

v’ By differential analysis by MALDI-Tof MS, 24 DIMs were detected (DIM-1 1,666 Da to
DIM-24 10,031 Da). Five are antimicrobial compounds (metchinikowins, drosomycin,
drosocin, diptericin, MPAC)

v Most of the DIMs are controlled by the Toll pathway, except DIM-9, -11, -15 (drosocins) and
DIM-16 (MPAC) under the Imd pathway. One (metchnikowin) is regulated by both pathways

v By HPLC and MALDI-Tof MS, 70 are potentially novel molecules of the Drosophila immune
response:

- 30 have a mass <3 kDa

- 20 have a mass between 3-6 kDa and 25 between 6-15 kDa

- 33 were characterized, some are antimicrobial peptides with PTMs (glycoform of drosomycin
and diptericin)

v Few molecules are repressed.



Proteomic studies (molecules > 15 kDa) to
complement peptidomic investigations

Laurence Sabatier, Francine Levy
(early 2000)

Available online at www.sciencedirect.com e
SCI!NCE@DIRECT' BIOCHIMIE

Biochimie 86 (2004) 607-616

Published in Molecular and Cellular Proteomics, 3.2, 2004

Research

www.elsevier.com/locate/biochi

Peptidomic and proteomic analyses Proteomic Analysis of the Systemic Immune
of the systemic immune response of Drosophila Response of Dr OSOphila*

Francine Levy, David Rabel, Maurice Charlet, Philippe Bulet y Franci A
rancine -Sabati
Jules A. Hoffmann, Laurence Ehret-Sabatier * Levy; Philippe BulettS) and Lawrence Enret-Sabatier:



Differential analyses through proteomics studies

Published in Molecular and Cellular Proteomics, 3.2, 2004

Research

Proteomic Analysis of the Systemic Immune
Response of Drosophila*

Francine Levy#, Philippe Bulet}§, and Laurence Ehret-Sabatierty]

2D map of colloidal Coomassie-stained proteins from Drosophila adult
blood (600 flies, 300 mg of proteins). Map A, control flies. Map B, flies
infected with a fungus (72h). Map C, flies inoculated with G+ bacteria
(6h). Over 160 spots were detected in Map A ( versus 350 in silver
stained gels).

B. bassiana

E. coll G M. luteus

FiG. 4. ic repr ion of the ber of spots spe-
cifically regulated by each type of infection. PDQuest analysis of
colloidal Coomassie-stained spots regulated at least 5-fold (up- or
down-regulated) on 2D gels after each infection (B. bassiana, M. lu-
teus, or E. coli) and MS analysis allowed the determination of which

D pl 8 5 pl 8 proteins have an expression level altered by one, two, or three types
A oo B of infection. Proteins that were identified are given in Table II.
= _-974- i e ‘ . .
| T ——d. .. : e sl 70 over the 160 proteins were found to be up- or down-regulated (factor of five)
I H221 $ . 2 7, o3 e o .
e SR g no.| o AR after a bacterial or fungal challenge.
ey ¥ : " 5 ot :“‘ -3
MT‘T e i | This includes proteins from many functional classes:
36 hw v ¢ ey s I :
Sy -~ e p oSt he o . . s
B R e s 365 * proteases (ProPO-AEs, zymogens and CLIP-domain-containing proteases)
4 i e 21,5 | 7’. J‘ﬂ X X X
: ol . : * serpins (Nec involved in the Toll pathway)
c e ™ * recognition proteins (GNBP-like proteins) and signal transducing proteins
' g7, . . . . K
——— (phosphatidylethanolamine binding proteins, PEBP)
" 2 i el - 2
N o A i . . . .. .
“ —e <’ * complement-like proteins (TEPs, thiesther-containing proteins)
17 P
oo~ ol o * molecules involved in the iron metabolism were identified such as transferrin
B2 s iy . 4 IR
e (up-regulated) and ferritins (down-regulated)
B * olfactory proteins, two pherokines were found up-regulated upon a viral

infection (Sabatier et al, EJB, 2003)

» amidation enzyme (Phm, peptidylglycine -hydroxylating monooxygenase).



Conclusions

MS was ubiquitous in our investigations

on drosophila immune response

Molecular mass determination, purity control, structure elucidation,
identi

Identification of PTMs (glycosylations, S-S bridging, etc.)

Control of integrity between native peptides and recombinant or
synthetic versions

Discovery process of the immune effectors (75 DIMs including 7
families of AMPs), discrimination between DIMs regulated by the Toll
or Imd pathways

Peptidomics ands proteomics studies (body fluids and tissues)
Kinetic of appearance / disappearance of the immune effectors
Quantitation of the AMPs by a combination of MS, HPLC and CE.
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