MALDI MATRI X AND MALDI METHOD The invention is
directed to an aerosol MALDI mass spectronetry nethod,
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matrix material, and to the use of a MALDI matri X
conposition in a gas phase coating nethod. The

i ntroduction of matrix-assisted |aser
desorption/ionisation (MALDI) as a soft ionisation
techni que in mass spectronetry (MS) has revol utioni sed
the analysis of a wide variety of high nmass conpounds,
i ncl udi ngykiLchgrasahdy MaiPOMeaidp pol yners. MALDI is a
met hod that allows the production of intact gas-phase
ions fromlarge, non-volatile and thermally |abile

conmpounds, such as. pr.otei ns, peptides
ol | gonuct SBE FelEdtiogis &Hgaf@éﬁgﬁgc?@w%m%%ﬁ pRectrometry

Pah¥IRESto tthséms%k la)ép@élﬁb REmPo® 86 Hh 3brd¥e] MNLIf matrix
bet ween 400 and 350 0 Da. According to the MALD MS
methhtsaial sandator he vss Olﬁ@é‘dAL@Ign@twmomm@tl(amm ®gamplhaseaoating
rml e%u e frombeing directly destroyed by the |aser

‘?‘he soft ionisation technique of MALD M5
typl cal | yTht imsasdidi@nasiahytsixsassisted bivolr aedohrpton/MalisAtion

r ex | e used in the anal ysis and
CI(Q@E]}SB B)Fl”(&FPéICtFF guB iy n}ﬁsa FRECGFYRHTE LS) has
We%lu%nﬁ;@é'tb{é hRalGRIERt 'asﬁﬁlet%e%t §PSigh sl dohifousitigP
i nvol ves preparing a sanple by mxin the analyte with
a deUdrn&lmoelﬁnmﬁllﬁlrrmontant palymeralM Eli)é 1secmth0@ﬂeep allows
of thro 11(1)tcefs I nVO| Vishs ASRC 9 Mon lbcul nd th rmall
por ponso g%sg%sglg%yolna%e Ohvo? p§edermaly
Oflabﬂé@dmbmg’ﬁls suthes prbieins, psptiddd, 6H§ﬁ1ﬁcﬁbo$ﬁlb§&)lig’ﬁﬁfﬁﬁharldes
pur poses: isolation of the analytes fromeach ot her,

2Pk IR IOPOLEMEE Y Y Pic Ry bﬁ\élng@s@PleW]gﬂﬁtwetl%htofé@@F%een 400
t %dami YdEBa. ARG %g%&h@ﬂa@ﬁm M“s RRE R A Imem! RA3fkd to

Igt causes a sna fraction of the matri x and
an@btdce the labile analyte molecule from being directly destroyed by the laser

beam.

The soft ionisation technique of MALDI MS typically allows the
analysis of biomolecules. MALDI MS is for example used in the analysis and
classification of (fractions of) micro-organisms.

A MALDI MS analysis comprises two steps. The first step involves
preparing a sample by mixing the analyte with a molar excess of a matrix
material. The second step of the MALDI process involves desorption of bulk
portions of the solid sample by intense short pulses of laser light. The matrix is
believed to serve three purposes: isolation of the analytes from each other,
absorption of energy from the laser light to desorb the analytes, and promotion
of ionisation. The laser light causes a small fraction of the matrix and analyte
sample to be ionised. The molecular masses of the resulting gas-phase ions are
usually determined by accelerating the ionised molecules in an electric field

and separating the molecules based on their mass in a time-of-flight (TOF)
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field and separating the nol ecul es based on their nass
inatim-of-flight (TOF)detector. MALDI-TOF is a very
sensitive nmethod which allows detection of very snal
anounts of a conmponent. The applied nmatrix material is
usual ly a small organic acid. Commonly used matrix
materials include 3,5-dinmet hoxy-4-hydroxyci nnam c acid
( Heteqhon MAbBM)OF w&ym&%ﬁy@me@wd witeh ellaws detection of
(a-cyano 1 & Ttk émgndl% 5- di hydr oxybenzoic acid
(lﬁ%%(. JITRAIT O RISQTRAPETS naterial is solved in a
rri xture oThh Iagbh@/d platirik Inﬁﬁem@l gru@ady&rmhdile brgmmgfaam&
ound. (normal |y acetonitri é one
Qinmgabhu%?é PRy W@F%@éﬂm&u% & ftnm,t\lijy & hafi%ycmnamlc

adﬂﬁf’(a@ﬁﬁﬁﬂ%lcﬁcﬁ @y&@t{‘ 4 &Hﬂfﬁptgﬁr%ﬁlﬂa%c ARt @ RRY or a-matrix)

i nfluence of sal't ifpuritires on the mass spéctrum of
t rveldaihé{@hseirlokybe@ddlCtacuh(DHBl: r’]é@maﬂﬂg tltﬁempt-hzofnatténeal is solved

matrix. oI ut g} (i ﬁ tds |r,g an increased d 1

qudii W B¢ psb el gapT I U528 Kossrd dpgrmally
I icefviifrile QACSI) 0 MNrfralif¥@ine dch@ sﬁﬁah lak ¥riflabkac®ic A&d (TFA), is

mxed with the analyte to be |nvest|%ited The organl c

Repdy e(@usmﬂ}i C@ﬁaﬁ@ﬂo@gewb? gpiBpIeS hrigrasca of pajt
0] ter
ARt e AP P B R B o ERAR RRcroping the pH

Mlblflir]le nﬁtth@dspluttunsncaﬂma]bn I@Bu]ts 1m@mum@da®dtm1amtmme sample,
platﬁ %usual 'P@ 8 te de edfor this

533 e i a§% §* 8@61?"163%1 %Pﬁld only the
recryst al Neg€dha®idtii soRaidnng rhiked A MartlPletbMS.
spread thr o%ﬁlhout the matrix crystals. Generall

- dnsesizatnl. Bheraganis seeppeRe(cs AGY) %%%bﬁ@@pﬁobm proteins
f qh'tﬁ@@aﬁl Eo' cﬂg&hpét Wc'i‘ﬁngJh% FAtERLIRIE, hg('h{ ?ﬁﬁm‘%r’bfbms to

matrix prem xing analytes prior to aero zation or
Wi dibsolea [n ticoryerntiprfal ﬂ\/géhLDI: aatthody thfs sabuteols spotted onto a

0o Ly L P e P SREBLSS. e o
vaporise, leaving only the recrystallised matrix, having the analyte proteins
spread throughout the matrix crystals.

Generally, in aerosol MALDI mass spectrometry the development follows two
lines of sample treatment, either with matrix premixing analytes prior to
aerosolization or with real-time, in-flight coating of aerosol particles. The in-
flight matrix coating enables on-line aerosol MALDI mass spectrometry of

atmospheric bioaerosol.

In the case of real-time aerosol single particle MALDI, the aerosols
need to be coated with matrix material in the gas phase. Therefore, the matrix
material should be sufficiently volatile. Furthermore, a sufficient amount of

matrix material should be deposited on the aerosols. Some attempts have been
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Therefore, the matrix material should be sufficiently
vol atile. Furthernore, a sufficient anobunt of matrix

mat eri al shoul d be deposited on the aerosols. Sone
attenpts have beennade in the prior art to perform
MALDI anal ysis on aerosols, in particul ar bioaerosols.
WO A- 02/ 052246, for instance, describes a MALDI M5
mehhddinothegeiasot $o perfomh MALDhenabsswl scrasds,pnoardedar
Wi tihae% I\(/)l%LDI matri x by evaporation/ condensation or

sukb?l frat1 6n/ condensat i on. Accor di ng to this docunent,

t he dri edwa@resh5224mat@dnwianbe MikElibésed MALIDBRIDethod on
ionised with . a ﬁgﬂ} sed |l aser. Supsequently, the ionjsed

cAFBBTEN LR Vehieh B attarqls ate Bpviiee wish & Ak apatrek by
ANALY 5% AT QL ARSI ubli At R0 QIR RAIAL Rrding to this

bi oaerosol's, the proteins characteristic for o .
batcemieat, thperiedsiererolescated witht M LhHohetrixa¢arsbe winiged with a

or_even for .a,particul ar developmental, form shoul d.be
oSO SRl e PR SR MERPita o8P P gl <Ea B mor
prMiei ns (such as ribosomal proteins in the nolecul ar
mass range of 1-20 kDa) are protected by the cell_.

nenbr ane, Ihfifles e apaivag MicteotrspisEls Hhahokg soappiasqdgn

i O(H{)ac'&gécﬁgl'thgip?&%{ﬂst@a@a&gﬁgﬁé %%h@%ﬁ&@riﬁ? %@cie%, #even for the
on- h k h | abl e

I ne treatiment that makes the proteins avai
f dractayml sataiwmr dven fims partosildydpatdpinadntdeiyraddoubhbof

the cell nbr ane [ to jonisation. C assicall

wi RS HRT OB R eSS GRS T R keI GHER g flbosomal
t RErof@hdiin e bleaianehLhsantad be1-MA\kDla) BBé HrotedtBl BFitRE cell
in water and acetonitrile, followed by addition of the

miepBbersannd feepidingle nafpadil sagiehie Tor ipnigtion. Binacrosols
M Kb Ere o-ﬂbﬁl &égﬂ"e%%rkéﬂ-ﬁhé %regﬁﬂgﬁgﬁﬁt%e%echle Iproteins available
t hereby e C

rrenbrane, makli ng t aracteristic p ot el ns
aviar lcaidagiohgforiinstiasa¢ bppartial degradation of the cell membrane prior to

ionisation. Classically, with conventional MALDI, such a treatment comprises
the solution of an acid and the MALDI matrix material in water and
acetonitrile, followed by addition of the micro-organism analyte and
subsequent drying of the mixture. The acid partially degrades the cell
membrane, thereby making the characteristic proteins available for ionisation.
Important parameters in this method are the ratio of matrix and acid to
analyte and the crystal form of the matrix after drying.

It is evident that the above method is hardly suitable for real-time
sampling and analysis, since preparation of the analyte takes a lot of steps and
time. Further, the inventors recognised, that the use of the acidic conditions
combined with high temperatures (> 80 °C), necessary for matrix evaporation,
has a negative influence on the MS detection response of protein particles in
the gas phase. In addition, the matrix material degrades more quickly in the

presence of an acid or in aqueous acidic conditions.
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method is hardly suitable for real-tinme sanpling and
anal ysis, since preparation of the analyte takes a | ot
of steps and tine. Further, the inventors recognised,
that the use of the acidic conglitions conbined with

hi gh tenperatures (> 80 C), necessary for matrix
evaporation, has a negative influence on the M5

det ect i onArcesmrm;laé @LB{ ma$s predtirohesy |8ﬂt11pHeasgeab1gh

P Lpae%%ry Ialrr]1 g dd% h§ Ipﬁlgseft ]éee s% able %orr{%'é%rnlcg lfordc%g 1§enecsf1cn?10n of

addadt@1£@mdlstﬂa®ﬂ$ewél dodvenrt) ﬂh@qierMP\hthcéTBiS(ﬁl hne aerosol MALDI
speét rometry se%ﬂ go has a high performance and is
R BPbY ot BEACETH o BHECHIEAhe BPFIPHBANHabltaF e bioaprosol

ofMRRHINTERf BFot@m%tlh%Q nllcﬁé/é‘%har l'ﬂ%‘ée}’aﬁ{ oft1N€0 kDa.

performance of on-11ine aerosol is not yet

sat i sf act ©pgting nf lpiaa(tnoeazllsaﬁuctlrv@ mmbb?r cramesing noped-gngenisms
aer 0so MAL DI ot t he

i ipteitoioRh el RO st B T G R B i

aQih@S&titém@a&EﬂH ofSth BidHeesDIN ﬁmﬁdﬁl@&h@rﬁdﬂﬁglcalnﬁamm Aerosols
wth a suitable MALDI matrix naterial al]| ows
orfanjheecoatps Hith & matiix Binteiak ecopdgaeingdbe @atrlﬁdpaf&mé onto

t heeRlPiBB £ah tH@(gﬁé bﬁése ARHARA SR PEwenal @905?!2‘4%. a

matri x materi al condensing the matrix materi onto
t Hdowmevrcosdiis nfertbtpﬂ ishewsgatsbjphias et ointas Idets‘tmaﬂdowllalble as

A- 02/ 052246. nsui t abl e
e B PO el 8 s iy AR J8P1d MHPEORGR Busitire
val@ithén@dedédhe kRS ABbIaYils htfhiQ nddteaialD) SPEEAS 8-nitrobenzyl
pressure. Fur t her nmore, sone known volatile matri x

netledtiohpad piqgliRicacid giye \d@wéwf@qtorm Lo AUahEY-pihesp inp trong
aGidly Gl Yt f“?é MAE]BFB%\IQM Iﬁét%ﬁ% s. S ahbityon, me%%s b%n%ng need

strong nee or suit matri x matérial's.
addr an amprévedmeetihed dosprogitng eexbsblowithm caarpmg\oé dultable MALDI

e, LB 100, A0SO M 8 SOBLAR L e Purther
prict@hatish @lalRhE®sPpRvide RIGTHLE SaicfdbitgdBism containing
aerosols with a sufficient amount of matrix material to yield a high response of
the characteristic proteins, in particular those in the range of 1-20 kDa.
Object of the invention is to fulfil the need for matrix materials and
preparation techniques for real-time/direct i.e. without previous bioaerosol
collection, aerosol MALDI mass spectrometry with satisfactory signal quality.
A further object of the invention is overcoming problems
encountered in performing MALDI mass spectrometry on aerosols, in
particular on bioaerosols.
More particularly, the invention seeks to provide a suitable method

for coating a MALDI analyte aerosol surface, with a layer of matrix material.
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the characteristic proteins, in particular those in
the range of 1-20 kDa. (Object of the inventionis to
fulfil the need for matrix materials and preparation
techniques for real-tinme/direcg i.e. wthout previous
bi oaerosol collection, aerosol MALDI mnaess spectronetry
with satisfactory S|gnal quality. A further object of
t he i nvenin adirstsaspeet; d;bmm/genppn bé dirscteddoamereomaterial for
VALD) . nas ect t eroso
PR ARTlHET SeBPERbiErE GloThelRiaR TS egifting to
I yantilaof) seeks to prOV|de a SU|tabIe nethod for
coating a MALDI anal yte aerosol surface, with a |ayer
of matrix e I.In a first aspect, the invention is
directed to afjmathix gpterial for MALDI MS conpri sing
a 2-mercapto- 5¢/ialkylheteroarene according to
formul a (Igp~wher®in Xis chosengfromsS, O or N, and
wherein Rl and R2 are |ndependently chosen from

hywhagenX ipehepgh fram ShOksr, Neapbrperap &' mnddoxate ipfependently
W%ogél{]frlgél @%S?I&t’ %%&&ﬁ@&hﬁ)g}g %Ttlt-jo B?d E)%ﬂgxgnor wherein R!?

optl onha arona r|n

optridoR‘ahteytakonpodeshargtodnem am smiodaligtseba@tuded aranatic ring

tautoneric formthereof.. The invenggrs found that the
2-STBICU 8PHOBALY] COMRRIIHBE 8RO AF BHEe bt BRNTSa oY f fatiompric

ngMn$Hé&%p|e matrix material for aerosol MALD M5

The 2-nmercapto-4, 5-di al kyl het eroarene matrix materi al

provi des Ehe em\re@mrﬁplgméthamhp i2tipercanto-¢.Sclin kathcinrsanenc of

C)ffox""‘ n (;[elts}cao‘;er 1'\1%" nfe‘rny glat%erlg’l fto¥ %erzr%gg MALDI MS. The

Sl gnl Uce 1 0N,
ITHI—ﬁfelr(aipt@fél - ﬂﬁlk}ﬂhﬁf&%&ﬁ’@nd} ﬁlﬁi"lgnhiﬁemhbfwlmree{cellent signal

vol atil e than post conventi onal terials nd

t SRR SR IR Of SR Bea) Veaki B anty o S heFeby
significantly reduced. In addition, the matrix material of the invention is
significantly more volatile than most conventional matrix materials and
therefore more suitable for aerosol MALDI MS.

R' and R2 can be chosen from hydrogen, methyl, methoxy, ethoxy,
and propoxy. These small side groups assure the desired volatility of the
matrix material. Alkoxy groups are able to enhance to the matrix material
volatility. R! and R2? can also be taken together to form one or more optionally
substituted aromatic ring structures (including fused rings), optionally
comprising one or more heteroatoms. The one or more aromatic ring structures
can for instance comprise a single aromatic 5-, 6-, or 7-membered aromatic
ring.

Preferably, Rl and R2? are identical, and more preferably R! and R2
are both methyl groups. X is preferably S.

Very good results have been achieved with a

2-mercapto-4,5-dialkylthiazole in which both R! and R? are methyl groups.
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Al koxy groups are able to enhance to the nmatrix
material volatility. RlL and R2 can al so be taken
together to formone or nore optionally substituted
aromatic ring structures (inclgding fused rings),
optionally conprising one or nore heteroatons. The one
or nore aromatic ring structures can for instance
conmpri se Awsidif¢renstoramericformpof ther 7- nenber ed

arpmatic.ring,. RBreferabl and are identjcal .
ariatbr e sy Sefbintne B RPSuLth Al Rl pg proton s
Xiwupded enabihiyl SilpMer ¥topoafld bas uh tvhidlashe freesh @dbuadedthe
wWith a 2-nercapto-4,5-dialkylthiazole in which both R1

arfomatisatrpgethgtony hnse tradaionreaicdprme atg hasyy below.
forms of Qe 2-nercapt o-4, 5-di al kyl het er oar ene of

formula (1) *qne in which the progor\ s bound to
the thiol sul|phur M are—enre»in mh|ch t proton is
bound to th tic nitrogen ato Se two
tautoneri 8 forns are shown bel owRFor rieal -time

aer 0sol :\/ﬁ{r‘g}%alﬁ]/%mé Q&oﬁ&tl\r&%mgf 18 m§ ?}yhl%.lt?ﬁ?]hsehould be

br ought e gas phase in order to depos
nedrbughtnimt @ theagasopiase ar bodalts .depoef gralbirix ifeerial ority

gﬁat@gé{??% ﬁrgjegﬁggzﬁﬁeter%%&g I%agcgr?alairs] alezggs?teaton%(t) t esiglt.]aelgf‘éecat

2- RIS pRESe reaz@icaAktnboneh eROaENea -4, 9dmk M Hetdro&Rhe of
be brought 1 nto the gas phase, the inventors realised

t Hexmulee(Daepsubra bustighiinth thergpephade, thamveatorpecalised that the
ev %Bg&n%to?g%ét?ﬁ(lerhglcpe%}eaﬁ égéilteca;nobedg\%.rpgga ! 49 nligﬁ,tetdh(ﬁlel ﬁoy ’

mater i al evapor atron heat. Typi ca
t hegn@dation sfahemsakrial by tise djeplidgvagderaaiontlemperygliculds the
of about 90.C or mor e al ysi s of theogegradedo
meb 8 e At 23t &¢ degrady et SrpBLASH obABARIcIE P vge-

2- mer capt @néiRisdirahkubhelien eateng] HMow @ tHak #hd Hdcomposition

Copr]rfgcrhllcstg of the 2-mercapto-4,5-dialkylheteroarene of formula (I) comprise
conjugates of the original 2-mercapto-4,5-dialkylheteroarene, in which two
molecules are bound via the thiol group. Some of the conjugates are linked
through a —C—S—C— linkage, while others are linked through a —C—S—S—C—
linkage.

Without wishing to be bound by theory, the inventors believe that
the conjugate with the —C—S—C— linkage is formed by intermolecular reaction
of the thiol groups of two different 2-mercapto-4,5-dialkylheteroarene
molecules under release of HaS. Furthermore, the inventors believe that the
conjugate with the —C—S—S—C— linkage is formed by an oxidation reaction of
the thiol groups of two different 2-mercapto-4,5-dialkylheteroarene molecules
under release of two protons and two electrons.

The inventors found that it is possible to at least partly protect the
thiol groups of the 2-mercapto-4,5-dialkylheteroarene molecules by adding an
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conjugates are linked through a -C S Clinkage, while
others are |inked through a -GS S C |inkage. Wt hout

w shing to be bound by theory, the inventors believe

that the conjugate with the -G S-C linkage is forned

by internol ecular reaction of the thiol groups of two

di fferent 2-nmercapto-4, 5-dial kyl het eroar ene nol ecul es
uredenhot &0 Hesmafix mgtloFuThm@kn]mles ab]@etmfm ﬁtbfrdsogen bond with
IbgtlhI %\f/eee eggcgcl}"ont a%hael &P gﬂl G b (1)%1 sulp! Cl?r attﬁm (%f%qﬁ éal%fﬁ)l Oe]rlcr}krlg 6% which
ofthb\mot@nﬁﬁ doend t&t}fmn@&mm tibgch ab kbhebelogar ene

nol ecul es under reI ease of two protons and two

el ectrons’ vent ors found that it is possible to

at | east part|ly e, thiol groups of the

2- mer capt o- 4 -d| al ky Iheteroarene nol ecul es by addi ng

anal cohol g0 thél matri x solution. The al cohol is able

to forma hydrogen bond with the free el ectron pair of
the t hi ol As@inshlt, edantsimenielorauinonkich ¢he braton is bptinghto the

%1%‘81 Qﬁtro eIPQ 99 tf%g&l?&%daarn%%telf %Ma%?&i%@%}]ﬁméé%marene

esu utoner ¢ formin
prvmﬂ]dme man’dp paekeho it bies asowatdre: fhimhr bgeddigibomheformation of

vour ed a he 2-nercapto-4,5-di |_.het er oar ene
Wi xdrﬁ%enn%ﬂnﬁ %eb%@enﬁ} 2 ﬁ@?ﬁ@%%?@ﬁ@ﬁ%ter%%rﬁ?e ipplecules and
adak tl@Rol fdechRk @Eé}@ﬂﬂ@gf 1W§Ha§gl%nth|@%%llﬁ§tommtalﬁﬁx

2- mer capt o- 4, 5- di al kyl het er oar ene nol ecul es” and t
almeatesialnol ecul es is capabl e of increasing the

vol atili tchorghnthyé nRt rflu]f hn?t Pes(:% éhe ioﬁcveloléglltq ggcai%ectfad +&a matrix

further aspéc |nven i'on Fecte
c Qiasmsitio@rfof e¢alrtanat atioyel Ml ISV SMBhiprisMy aonpri si ng

o Frmicaple 4.5 dhallonet erosene secor gl

al{6ahgherebhiahd B! élb&qlcﬁgm%éﬂr%dn%o@?ﬁéd SYWaRtikWarly
advantageous for aerosol MALDI MS, because it can be readily brought into
the gas phase in order to deposit the matrix material onto the aerosols.

Preferably, the molecular weight of the alcohol is relatively low.
Suitable alcohols are for instance methanol, ethanol, propanol, isopropanol,
n-butanol, sec-butanol, isobutanol, and teri-butanol. Also alcohols with more
than one hydroxy group can be applied, such as glycol, propane-1,2-diol,
propane-1,3-diol, glycerol, butane-1,2-diol, butane-1,3-diol, butane-2,3-diol,
butane-1,2,3-triol and butane-1,2,4-triol.

Although in general polyhydric alcohols, such as diols and triols, are
less volatile than monohydric alcohols, they have the advantage in that they
have extra hydroxyl groups available for the formation of hydrogen bridges.

Furthermore, the alcohol (in particular ethanol) is capable of
degrading the cell membrane to an extent sufficient for the proteins of interest

to become available for ionisation. Thus, the presence of the alcohol at the
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nol ecul ar wei ght of the alcohol is relatively |ow

Sui tabl e al cohols are for instance nethanol, ethanol,
propanol , isopropanol, rc-butanol, sec-butanol,

i sobutanol, and fer”~-butanol. &l so al cohols with nore

t han one hydroxy group can be applied, such as glycol,
propane-1,2-diol, propane- 1,3-diol, glycerol, butane-
1,20u Bine dgta anesleaseedibior rblgnsing-the 8hajtagterising proteins from
butane- |, 2, 3-triol and butane- 1,2,4-triol. Although

i ngensral §81Yydri c al cohol's, such as diols and
triols, anaihgestandldtiht@gtbAthamretydrof analledddissthat the
they have the advantage in that, they have extra
hydPexsartyfoupie iaxl B¢t Emrens Brattigdnatsyigats - of at least less

hy(ﬂfi_&ﬂ?,lndé%&glﬁj&ﬁ@y tf&éﬂﬂ]ﬁ:ﬁ@% orakt {38/ Rb&ENRon(Hdht. It was found

particul ar ethanol) 1I's capable of degrading the cell

meihibt, aneombizaticexyBhtansalffhiadi thetmiterx mhterprl of ehamvehtion
interest tp beco avai | abl e for ionisati.on..Thus he
ornEisfis o LREATRDN Sl SRl Pub b PR B R ar R suh'E or a
I abeasl® agetts, pferadlyeasicag 1heoattay @cdodipagisbg to a few minutes
proteins fromthe mcro-organi sns. An inportant .

adV¥ g oW oy caysRbations ghanpleshel ey ahabetiag

2- 0B eARL0s 45 Ry dhabkyd i groarene matrix material is
not , por atel eaét ?ess qui?‘kly, degraded by the applied

evapor at i ®he¢ sabbf hghitompeestured, sudiass faupaatiras of more than

CoRAE D 0P AR PR b B

Si @At et Yelbdih € AsechRaEIOIi Rf priotdTBs fiBUCthea®idr8br@inisms,
| east 10 nonths, preferably at |least 12 nonths in

cowpas Somnefiere! dw. Mmubes Mssmpgesorn 20y 161 0) eb4st4-1454.
t . at .
concentr aip, e?%ox@!’fu?ﬂhgp ARl 1.81\5?:& 1%@d@a%%&#&ﬁtlogaﬁ)ply

tenperature o I instance 15 e use’o
t emegeantedesicolsile M asefbwny dinbitgenes clolbrimey evenhaorei@feCred is

gr fo%{nge'k.)i% p%?l%&)letz Q%{]ng e2 Balcbj’gelgns)lrlgstﬁqlgiggrig l%ilg aﬂgﬁ& ahlt]e%%y gives
an advantageous effect.

In a preferred embodiment, at least the a-carbon atom is substituted
with one or more halogen atoms. Suitable examples of such halogenated
alcohols are trifluoroethanol, pentafluorpropranol, and hexafluoroisopropanol.
Even more preferred is an embodiment in which the alcohol is fully
halogenated, i.e. all carbon bound hydrogen atoms are substituted with a
halogen atom. Examples of fully halogenated alcohols are trichloromethanol,
trifluoromethanol, perchloroethanol, perfluoroethanol, perchloropropanol,
perfluoropropanol, perchlorobutanol, and perfluorobutanol.

The high electron-withdrawing ability of the halogen substitutes
increases the electronegativity of the hydroxyl group of the alcohol molecule.
This leads to a stronger hydrogen bond between the alcohol and the

2-mercapto-4,5-dialkylthiazole molecules of the invention. Hence, the



contributes to releasing the characterising proteins
fromthe mcro-organi sns, see e.g. Horneffer et al. J

WO 2009106438€. Mass Spectrom 2004, i5(10), 1444-HdBNL2008/@50721
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inventors further found that it is advantageous to

apply hal ogenated al cohols. A preferred hal ogen is
chlorine, even nore preferred is fluorine. In

principle a single hal ogen subgtitution in the al cohol

al ready gives an advantageous effect. In a preferred

enbodi nent, at |east the a-carbon atomis substituted

wi advaptrgeovs prtemiraic depam obthenmatiSuimadptiel @xhophention in which
S %h hatlo%qse %altlr%j toa#hceoahrOI ¥ tla(l:rlg‘frtor éng layo% ?se%ar‘}alrﬁp Id’ even more. As a
pent &P UOr propranot ¢ ARd AexXari’aor o sopr dpanol .~ Even
Maegulp) Bicqiei-Bemiascasf tiehedi-tienrtadrosoM ADDI MS ahglgbilis further
is fully hal ogenated, i.e. all carbon bound hydrogen
atBHEC%i% substituted with a hal ogen atom Exanpl es of
ful'ly hal egenabad R coReiRy abEliEd hERLHLQIBLRRRAuch that a
trifluoronmethanol, perchloroethanol, perfluoroethanol,

p evatimtaded priopanokssupeif taadisep mofantemperature range of 15-100 °C,
perchl or obut.anal , a erfl.uor obutanal . .The hi gh

EriEEp SRR Rtk RSB PG hESRarugh N #fked atconor
subgbuidihas bergegases the el ectronegativity of the

hydr oxyl group of the al cohol nolecule. This leads to

a str ongegcwémb@ whe srEneniegieeted tapdsablimeraeretpd MALDI
2- BN 1 ol ahiWhibAag! oolphgayl es of the

invention. Hence, theadvantageous tautoneric form of

t he nmeomtaxtinates halosafantalygeiwivie atrhaimix mavdriadmstdeecribed above;
proton i.s. b%qd |tto t,&g ar matiEc_nitrogen atomis

f avour WU RG & st @artad <314 aualve: apfle perf or mance of

the reaparatie tBEIAHMd MhidnelNts afab WIS deSectdl, Reh time-of-

i gﬁr oved. The al cohol is preferably applied at a
cdHebhdetaetosn such that a saturated vapour pressure is
realised j I - . .

dependi ngbgﬁﬁlt%ﬁcghtﬁi}glglgg)?ng%%g%?w&%m%\ger%géﬁqggtemal’ the
pandirat ptaddlinatdegosit ontibé avaypolarsl fvey Hmatrsedoating.

It is preferred that the analyte is contacted with the matrix material
in the gas phase. Because the amount of matrix material of the invention that
can be sublimated increases in the presence of an alcohol and because an
alcohol is capable of increasing the volatility of the matrix material, it is
preferred to use the matrix compound of Formula I in a composition with an

alcohol.

The inventors found that in accordance with this method the aerosol
analyte is provided with a uniform, homogeneous layer of matrix material.
This is advantageous, because inhomogeneities in the surface of the analyte
can negatively influence the MALDI analysis. Hence, this method significantly
improves the signal quality of the MALDI spectrometry on aerosols. This
improvement is particularly useful for bioaerosols, because of the delicate

analysis of characteristic proteins. The at least partially saturated atmosphere



Accordingly, the invention is directed to a real-tine
aerosol MALDI Ms nethod for anal ysing an anal yte,
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matri x material as described above; ionising at |east
part of said anal yte; and separating the ionised
conponents using a Ms detector, e.g. a tine-offlight
detector. During contacting ofjpt he analyte with the
matrix material, the matrix material can deposit on
the aerosol and forma matrix coating. It is preferred
t ran atdrvenmbwlﬁ besit denst aetteallnbathrated with pix oyratoae akgbhols as
escrlb?qiSl ﬁ?](%%lhéi%lefr’%}\%%ﬁlalao%la%mx f:onrpélmg% eIh nloiﬁ :ST(II)ili'(lgan is introduced

| noragdedrdplets igtohe drpacel oheai tid ap[hﬁbtw dheeciadatganf this
al.cohol is capable of .increasing the volatility of the
et PR3 theters Fmglethqusl SHERBY Peireppatiswerhameirand that the
CQIROHIE R FALAYhRrlx dofh B GATRIRBUALHGR PoliBe1ph
al cohol . The i nventors found that in accordanhce with
thi s nmet hburingghaendyuo aeacnaﬂ)%ampﬂmgrthevaplw wes$u1a should
uni_f
vt DY e JORBE R S Rl B oMo Lo Rk L P aarioh of
ofliduie saﬂabyb}%oﬁamrm@fl vely influence the MALDI
anal ysis. Hence, this nmethod signjficantly inproves
the si gnal™ sRia¢ Fws@f isypyefexpadmio Y@ﬁ‘é{%%ﬂ‘éﬁo the coated
aea[e9§&ll §treﬂﬁ' Fréf@pe[bq}\/ @?ﬁﬁtle b%aﬂ?ﬁr iél&é" tﬁﬁ‘é é(re%ﬂﬂl‘lle aft Qr

bi oaer osol s, because o [1cate ana ysi s of
crtamrfd:ruufstamglpg Gtosi nem Thepattheastl 00YPtdralusyd, and most

sat u her.eca nt ageously be at | east
paft eéf"e‘\}'tglglt ‘g C\“?&Pﬂ@%‘i or nore al cohol s as

descri bedTh@bﬁhEﬂce Rl gt hhlyantTBddtioke paRtiele th Be analyte, can
et hanol solution is introduced as snall droplets into

t feMPEteaBicyoABasHs TR Enelpgicdhasscripiungld ptate apjeotenoa and

t

i LD LR Bl B UL B ol it o
nmdymiphocaps iecabiissuel | ed nore preci sely.

Preferably the at least one aerosol has an average particle size as
measured by transmission electron microscopy of at least 0.1 um. It is
preferred that the average particle size as determined by transmission electron
microscopy is at most 20 pm. Accordingly, the at least one aerosol particle can
have an average particle size in the range of 0.3-20 um, preferably in the range
of 0.5-15 um.

In a preferred embodiment, the analyte has been subjected to a
selection prior to the method of the invention. A suitable selection method is
for instance described in WO-A-2002/052246, which is hereby incorporated by
reference. According to this method bioaerosol particles are selected based on
the property that the presence of specific substances, such as amino acids,
induces a characteristic fluorescence when irradiated with a suitable
wavelength. In general, inorganic and most of the organic substances do not

show this characteristic. Thus, bioaerosol particles can be selected by means of



During the on-1line aerosol sanpling the vapour
pressure shoul d preferably be kept high, which can be
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al cohol or water. In sone cases it is preferred to add
an volatile acid to the coated aerosol stream
Preferably volatile organic acids (that are volatile
at a tenperature ranging fromjgoomtenperature to 100
C) are used, and nost preferably trifluoroacetic acid
(TFA). The anal yte, and preferably at |east one

p&rrt ¢xsitation lagee venal yffects cﬂalnr@@mnel of eperiiiie @ubﬂtglatms sns

i.ncl udi ter , 0107
Vlbrl(l),laseéfg lg)ﬁl aftaeir éﬂlflhl(glge dﬁzgefc %ﬁ sﬁé&t so %( nfgl)lorgscent bioaerosol

Otﬂb&tlcbls ahdgi @abndﬂaisef {satriggeged doyioplRoelé edeced G&laerosol
tissue., Preferably the at | east one aerosol has an
alE§ESparticl e size as measured by transm ssion

el ectron plgLOM ,mﬂe@éle@ttioﬂ @(ﬁﬁ]%rlges]a%sélgctﬁcﬁl The size of
preferred that the average particle size as determ ned

byaewsm sm@éemmm@ng bacteiri@raoscopysdsgs a}tplmib’t bed@w @hpum.
ordin |.east aer.osol cle ca
S it ol B Bheef B PR S p Rt T g baptrometer
mﬁt ik s phldy thdsib O 6f fraNgRcakive.a2rdfd] PRRtidlds @n be determined
preferred enbodi nent, the anal yte has been subjected

{ dremabs detaigm Pra bROWD disiangectRursed by Re ackrashprigicle By
LASHB TRESSART JRLIRA L9 slane st ptobs

r ehetued déstadac mhejabrg/et(hlratms andtheade bheosiee obidle aerosol particle
erty that

S?Cr@tg' PR B s 15 R SReRRed O REOREIN A Rt articte

| PG @FloRs %Bl@t’:ﬁﬁé ﬁ)'hﬁs%ttioﬁ of buh SR EANELa W& Sizadindee Hence,
with a suitable wavel ength. In general, inorganic and

mos1s efssthetoidganiica Sigmeatariebel shecibistsizeHsush a Bacteria) from a
nﬁfx@&tee&ﬂcﬁﬁéx%nt Mgnaﬂl oaerosol particles can be
se

ected by neans ofan excitation | aser which effects
f 1 uor esceflibe infenspacillons thalbisarficesion nf micro-organisms (including

bacteria, fungi, algae, protozoa and viruses) and/or proteins (including toxins)
or any other biological material e.g. lymphocytes or cell tissue. The different
species can be classified according to their spectral characteristics. Such
classification can be very specific and it is even possible to differentiate
between micro-organisms in different developmental stadia. A method for the
classification of biomaterials comprises obtaining a MALDI MS spectrum of
different biomaterials (such as different bacteria, different cells, different
viruses efc.), comparing the obtained MALDI MS spectrum with a library of
MALDI MS spectra; and on the basis of said comparison classifying said
biomaterial. It has been shown possible to perform a reliable classification on
basis of only one measurement on a single particle. This is particularly useful
when the method as described above is used for analysis of samples of air with

low concentrations of bioparticles.



bi oaerosol particles, after which a detector selects
the fluorescent bioaerosol particles and a second
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particles. Preferably, the selection conprises a size

sel ection. The size of aerosol particles conprising
bacteria and viruses is typically bel ow 20 nm Because
the aerosol particles enter the central space of the
mass spectroneter at a given speed, the size of the
successi ve aerosol particles can be determ ned from

t he dur at Forthefmarkihevnveltsiaaders mandrsiad thy qaality of air or
o Fitefaf aedloBot BEHL M DaTiFUE ifsa R
digicamerganidigs.above duration and hence the size of the
aerosol particle can be determ. ned fromthe |ight

. gh
scat t er ed"hAadugbeeainegt the Brenden sotireded fathe userfs

ald. Qs ca32h-8%- 1Bk 1AM SRIb AR a Qor Bin@MB ST AL (1)hsth matrix
specifiCc size wrndow. Hence, It IS possible'to

i deateirfay far deirosrdMALRI MS$. specific size (such as
bacteria),fram I xture of different terials. The
Cnvent | onPaTTtobEuPRG apSetdhe vt e a0 shy af Sha

(i mstrudicigpRasdehs defidddNgireirding@gas PhofcOBRB1AEEhting method for
viruses) and/or proteins (including toxins) or any
otMéiLDéiMﬁogi cal material e.g. |ynphocytes or cell

tissue. Thg a%ogﬂe%ra%ﬂgct;c’ﬂf‘eci:n%énﬁ@ﬁ] i DG CaS B & ME&{L%)I MS method

according to their spectral characteristics. Suc
clfas sndlyeaiaonacdtebeorapriyingpeci fic and it is even

possible to differentiate between m -organisms.in .
T 1 ePRRECTRE oh O B AP et hGU P Op T PpAole Patrix
claggifdlcati on of biomaterials conprises obtaining a
MALDI MS spectrum of different biomaterials (such as

di-f f ei@HsingAéleast Rartpifspid apalybepnd, different viruses

etc. ) sgﬁ%gﬁ%%'l_t%? i&y\%@e&&%dﬁ%ﬂtéz@&% aYBISRREIAHM W th a

l'ibrar spectra; a the basis of said
conpar i soAltbbagls Rfiyenegpad,d-dialagtteterioatenel andhamilbeenmpounds

Sh RO a0t B Pk R A M Bhh A0l S 15! ARSI R Q20N
mercaptobenzothiazole and its analogues as described in Naxing, X. et al.,
1997, J. Am. Soc. Mass Spectrom. 8:116-124 and Domin, M.A. et al., 1999,
Rapid Comm. Mass Spectrom. 13:222-226; and 5-ethyl-2-mercaptothiazole as
described in Raju, N.P. et al., 2001, Rapid Comm. Mass Spectrom. 15:1879-
1884), the specific compound 2-mercapto-4,5-dimethylthiazole has not been
disclosed as such. Further, it has been known in the filed that small changes in
the matrix molecule can lead to large effects on the applicability of a compound
as matrix in MALDI MS. It basically has appeared unpredictable whether a
certain compound can be used as a matrix molecule and for which specific
applications. It has now been found, as shown in the examples, that 2-
mercapto-4,5-dimethylthiazole is a matrix molecule that is very suitable for
detection of biological macromolecules such as proteins and carbohydrates

comprised on micro-organisms. This usefulness of this specific matrix
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This is particularly useful when the nethod as
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with | ow concentrations of bioparticles.Furthernore

the invention allows nonitoring the quality of air or
liquid, e.g. water, in particular in respect of
particul ate matter and m cro-qggganisnms. In a further
aspect the invention is directed to the use of

2- mer capt o- 4, 5-di al kyl het eroarene according to fornul a
( Ipmpouadesen eraltas elapsificdtoen elemogolorddmiphs WB.baps of éheir
asju&£g r,aspect the invention is directed to the use
of PE MR 'K conposition as defined herein in a gas
pBse dmtriptio oftheiguiishod for MALDI MS. | n another
aspect, the invention is directed to a MALDI MS net hod
for anal ysing an anal yte, conprising contacting the
angbyfL1M t Bxfer?inBRI3 300G e TdbARIdY kihbaanlse matrix
material ; i1tonising at |east part of said anal yte; and
- Bepwr at i ngayhe dapmeswducibipyménead-tuse agresnl NBLDI TOF MS

detector. Al thou -ner.capt o- 4, 5-di al kyl het er oarene .
ond’ o1 o | ar Oadn AR EBREs 1 S0R (LR R bORR S orical
mat ri x mat egdlakolhiion MALDI MS (e.g. 2-

ner.capt obenzot hi azol e and its anal ogues as descri bed .

i FIREY #ig, So-flight gprosoh ¥gd.DTOF S sggetra ghbsthuringiensis
Spectrom 8; - in, MA et al., 1999,

Rapi d Conmsﬂl\?}agssépégaél?{k%gr%emis: 222-226: and

5-lgghyd 4:2- nBedaphetaki@pbMAIA3l TOFNMBlxpdctra oReMuB. Mobigii, (B):

et al., 200}, Rapid ss. Spectrom 15:1879-
1884), the p%egfzfs, 8ngg§g]§u%urmg ensis spores.

2-ThEapt 0- th-Brotht etdiy] MNITZDTOFNS spettrdeivs BSedregestrains.
as_such. Further, it has been known in the filed that
srEERPreHian gE§amﬁ1e of different fingerprints of individual B. thringiensis

vegetative cells/clustered particles within one culture.

Figure 7:  Example of real-time (real-time) aerosol MALDI versus common
(static) MALDI of B. thuringiensis vegetative cells cultured on
agar plate using standardised matrix conditions.

Figure 8:  Real-time aerosol MALDI TOF MS spectra of E. herbicola and E.
coli cultured on agar plate using standardised matrix conditions.

Figure 9:  Real-time aerosol MALDI TOF MS spectra of (A) AcNPV virus
with characteristic broad band of 6 000-12 000 Da, and (B) CpGV
virus with characteristic signal clusters at 1 242-1 257-1 279 Da
and 6 460 and 8 675 Da; (B-a) and (B-b): enlargements.

Figure 10: Real-time aerosol MALDI TOF MS spectra of cholera toxin
reference in water (600 shots/particles summed) and 12 summed
cholera toxin containing shots selected from 600 shots/particles of
canal water.

Figure 11: Real-time aerosol MALDI TOF MS spectra of J558 B lymphocytes
and Jurkat T lymphocytes cell lines.
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conmpound can be used as a matrix nol ecul e and for

whi ch specific applications. It has now been found, as
shown in the exanples, that 2-

nmer capt o- 4, 5-di net hyl t hi azol e 1iys a matri x nol ecul e
that is very suitable for detection of biologica
macr onol ecul es such as proteins and carbohydrat es
conprised on mcro- organisns This useful ness of this
fn C::eolfn Cl’é al(l)]ltl gvlrlrl)sf %uﬂrther ﬁltlﬁ?gt %%elgll?a?éslscl)ff thC?oﬂ(%Welpg
Bricaflisietacive pkh@plef the Figures Figure 1 :
Experinental setup. See Exanple 1 for |egends. Figure
2 . Day-to-day reproducibility of real-tinme aeroso
MR IR MRsiBgedibdit®f B. thuringiensis cells kept
overni ght in physiological salt solution. Figure 3 :

| ACHd éxplerinamrtabeituMisel fo’f@i‘ﬁlami@e@nosfds obntBining Bacillus

e PRAERR T SBBPR BRr e B ER ) Battthes ' e e enter the

0| MIBIL@Ti set (B erBra@eus, (1aAAd G€g ledBo atnmmidﬂ]g'll? mehted tube (2)
spores, Figure 5 : In-flight aerosol MALDI 2 TOF

speatrising adigyig(suglape gg adeghghpnd Emb@@:%e%ly thrssz%ﬁ gube (3)
Ofcoglﬂrfs% fle 1fn'aﬂg§ H)drtéﬁgls 'I‘Pi% ﬂrgﬂjbéﬁltcw @llns Bube is heated, while the
thrlnglen3|s vegetative cells/clustered particles

W s:ehmrrd pae ig ubt, bo ehachhgun@tri?x mageraatplepowfs metdle-secorel part and
(real -time aer atic) MALDI

o Bt E P grebEr thJasagion FE el RURR RS PR DhnRLP and an
Pl Rir6slibbag ehardar () se@dr RBLEH ¥hCRRMD 4@BSols Eh@esoBrée room
Real -ti me _aerosol MALDI TOF MS spectra of E. herbicola

ar{8) whexethey @p datesteddy %(?@afrermga—?t@ UYilihtdadbamapteae of

nﬁhféréstclﬁncﬂgalepd’é%ls are then ionised by ionisation-laser (8). The obtained

ions are separated based on their mass in the TOF tube (9) and then detected
on detector (10). Acquisition and processing of the data is performed with
personal computer (11).

The pressure in the system decreases by means of a series of pumps of about
100 kPa (atmospheric) in entrance room (1), tube (2) and tube (3) to 10-> kPa in
source room (6) and TOF tube (9). The flow through the system is in the range
of 600-1 000 ml/min.

Real-time MALDI aerosol TOF spectra of aerosols containing Bacillus
thuringiensis using 2-mercapto-4,5-dimethylthiazole as matrix material were
recorded.

The on-line aerosol MALDI TOF MS instrument reproducibility including real-
time sample preparation is demonstrated in Figure 2. The comparable
characteristic peak patterns (i.e. MALDI fingerprints) in Figure 2 show a
consistent day-to-day reproducibility. The results illustrated by Figure 2 were

reproduced by several identical experiments with B. thuringiensis and B.



Figure 9 : Real-tinme aerosol MALDI TOF MS spectra of
(A) AcNPV virus with characteristic broad band of 6
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signal clusters at 1 242-1 257-1 279 Da and 6 460 and
8 675 Da; (B-a) and (B-b): enlargenents. Figure 10:
Real -ti me aerosol MALDI TOF MsS spectra of cholera
toxin reference in water (600 ighots/particles sunmed)
and 12 summed chol era toxin containing shots sel ected
from 600 shots/particles of canal water. Figure 11:
Reareusivegetagivo seolls ma)or%}ﬂavs nopebewa) ofdici6Eg tBat the system’s

0 and, Ju ocytes cell lines. The
mggn d°u¥1b1 AT 4 h Staml% Et‘%sr%gchcolpflus,trat ed by neans of
t he fO||0WI ng non- I|mtat|ve exanpl es. Exanple 1 -
rer odu0| b| ] ty The experl mental setup used for

E15588 cohPdR Ay Bacil |l us thuringi ensis

' W@&Mnéﬁsﬁi%&e&maﬁﬁ RS PhveR & B'V@Aseéeﬂl(ghstt%e@ B§ results
phase enter the MALDI setup in entrance room (1)
araptiindd i aasmmcipt W@N@ISI@esmmdeldndaxkFeca(nz)le dohpt Wsuhnsgevaral

[ igui. h d b | h
i o L

paflbbigli. Abdosdinghe their N6BRNA shjubsedsheissripgpastePas torssder B.
not, so that the matrix naterial deposits in the

s EeBg Aar. AHEgI@sH Irosely Ydpted dperics. Hnaedths deged
T%c?&%rﬁ@tﬁ%@@%éef@ P H8Mmakd) sﬁﬂgrﬁ? iRH 9}§19rlzngzenszs of
beam gener at or ter which the coated aerosols
erfi%6 %ebswedrodasea( ﬁbbsvmein@ls drelysiaribrietsaotled thHNA
erin

® R Shgad ARy ALBR b die bl Bl G uBhes PO LER bove

( Bacillhesplataiviad coiRd rahketifRPATR et rikas 8tbrii ak lM@kdribed in
mass in the TOF tube (91 and then detected on detector

( Himample dupaf epditing dnebced dyiastesot MDD HAPE Ms.

performed with personal computer (11).

Vegetative cells vs. spores

First sporal and vegetative cells of the same species of B. thuringiensis were
measured. The obtained different MALDI fingerprints as depicted in Figure 3,
between the sporal (A) and vegetative cells (B) of B. thuringiensis show a clear

discrimination between both.

Closely related species

Next, the aerosol MALDI TOF MS distinguishing potential was illustrated by
results of closely related species, obtained from spores of B. thuringiensis, B.
cereus and B. globigii cultured under the same growth conditions to prevent
growth depending differences. As can be seen in Figure 4, B. globigii (A), B.
cereus (B), and B. thuringiensis (C) species show very characteristic spectra,
which can be used to distinguish them readily.

In Figure 5 the distinguishing potential is demonstrated by results of two B.

cereus strains cultured under the same growth conditions to prevent growth
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source room (6) and TOF tube (9). The flow t hrough the
systemis in the range of 600-1 000 mM/mn. Real-tine
MALDI aerosol TOF spectra of aerosols containing
Baci | l us thuringiensis using 1g
2-mer capto-4, 5-di nethyl thiazole as matrix materi al
were recorded. The on-1line aerosol MALDI TOF MS
i @meudﬁ@mdiffem@mé\ilm thietsporascifduiony cere@talstltaiimﬁecesvabml e
pr aratlon sde strate |n Ei

(ﬁgtm%lﬁﬁ charad er| s‘fr T DK nsmiq? d %ﬁ he Eﬂge.re%%l‘m

fupﬁgﬁreprmrbbﬁﬁ spaetifal. g?heees’zhledmwloat@dmmi;dsemredh&ydt o- day
reproduci bility. The results illustrated by Figure_ 2
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9'&*%191@3% HalGrok %@Qerb@%ﬁﬁﬁicrdlaﬁéfﬁ%%gﬁ&& or nﬁa{ss sﬁectral

suggested to consi der cereus and ringiensis
adirgdepsehty r el at ed speC| es. One of the tested

b trumst ns cereus. A

oA R ok B iR R SRR St 9 obRedpagion is available
basesipab khstdlas bbbt fioRspARE clvisfiria, Sih@8 shéts S héNMAividual
nucl eoti de sequences. Aerosols of vegetative cells and

s psHessPPFSriusteran 6¢its, BRRcr| RISt iedtidgraowdamedia or other

reoadlk MBEdWMthefatrix material as described in Exanple
1, 5 %ﬂrea\%—atprre anal ysed by aerosol MALDI TOF MS.

Vd@gtlm 6 veowelhtm of 6. shopdpagicles clustered on mass spectral fingerprints

of Bacillus thuringiensis.

Example 3 — Aerosol MALDI TOF MS vs. common MALDI TOF MS
For aerosol MALDI TOF MS the support of common MALDI TOF MS is

fundamental to create a microbial database. In spite of distinct differences
between both techniques - i.e. unknown matrix morphology and ionization in
the flight - comparable spectra were obtained if the inventions matrix recipe is
used both with common MALDI TOF MS and aerosol MALDI TOF MS. Figure
7 shows an example of spectra obtained from vegetative cells of B.
thuringiensis cultured on an agar plate for one week and recorded with both
techniques.

The same peak clusters were found at: 4 710, 4 816, 7 242, 7 385 and 8 259 Da
in both spectra. The good resemblance between the common MALDI and

aerosol MALDI TOF MS results was also confirmed with gram negative



First sporal and vegetative cells of the same species
of B. thuringiensis were neasured. The obtai ned

waledopesasa MALDI fingerprints as depicted in FPQUNE2B$/050721
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bet ween the sporal (A) and vegetative cells (B) of B.

t huri ngi ensis show a clear discrimnation between

both. Closely rel ated species Next, the aerosol MALDI

TOF M5 di stinguishing potential;y was illustrated by
results of closely related species, obtained from

spores of B. thuringiensis, B. cereus and B. gl obigii
cuhicye-ertkamsiesutines %amiagmmwtzct@m igehonsvare, elwee"mhia coli,
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t hurclldlﬁlrﬁﬂbﬁieﬂr(ﬂ&:é Vﬁﬁ@()A(ﬁ@PVh@l\M Oetli gdadredioegriagtilosis virus and
ra, which can be used to distinguish them

spe
r é\ééﬁbﬁcterwpbﬁwd@t%n%%hw@t. ngui shing potential is
denonstrated by results of two B. cereus strains
cul tured under the same growth conditions to prevent
lo;r hpple e apesppe®s Al so the spores of two B.
eus st rta ns. e .di stingui shed from each ot her as
de L{retEd 'ﬁﬁlcr? ﬁega&”?'fl%r ent MALDI profiles in both
SPeeitrta thd Peedeasdd dréni pelitiad Badinas sﬁéc@é‘seilyo selnaheghtive
m cr o- organi sns such as_B. thuringiensis | obi gii
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i nvention conbi ne aer osol epar ati on
orspsetmg e FpaureiScdhowiseareéxamplh |oﬁEo n@z btanp@rredetb I dletbirda.
Separation at single cell or particle level is
possi bl e by clustering cells or particles based on the
aeyipglygam c di ameter, fluorescence or nass spectral
fingerprint. Wth the use of the invention sufficient

na’%lse fofewtnamyirnseeoreratpoadi thedpstarmphage NS swyl theshegudo
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V|dua spor es, ores
prmmrwﬁa gmml]loshesang;r M h)acntedlloaha)ge Mlﬂﬁetrepresents a RNA type

virus. The Baculo viruses are double-stranded DNA (dsDNA) viruses.
Identical spectra were obtained with aerosol MALDI TOF MS and common
MALDI TOF MS. In case of MS2, the [M+H]* (im/z 13 726) and [M+2H]*2 (m/z
6 865) 1on signals of the 13 kDa capsid protein were detected (data not shown).
Bacteriophages specific for other bacterial species typically have capsid
proteins of different molecular weight and therefore give a different MALDI
signal.

The difference between the spectra of the Baculo viruses is evident (see Figure
9). The aerosol MALDI TOF MS spectra of AcNPV virus (A) contains a
characteristic broad band of 6 000-12 000 Da probably part of the major
glycoprotein envelope. The CpGV virus (B) shows characteristic signal clusters

at 1 242-1 257-1 279 Da and 6 460 and 8 675 Da.



background particles. Figure 6 shows data of 6
shots/particles clustered on nmass spectral
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Aerosol MALDI TOF M5 vs. common MALDI TOF MS For
aerosol MALDI TOF Ms the support of common MALDI TOF
M5 is fundanental to create a m crobial database. In
spite of distinct differences ijgetween both techniques
- i.e. unknown matrix norphol ogy and ionization in the
fI | ght - conparabl e spectra were obtained if the

: hauidl gamphd pealysisused both with conmon
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Autagigphe californica nucl ear pol yhedrosis virus
(AcNPV) and Cydi a pononella granul osis virus and M52
bact eri ophage (data not shown). Exanple 4-Q her
mﬁc; LRkasResd s G am negative micro-organi sms Next
e presented gram positive bacillus species also
gr]hgurﬂelﬁis}mm thecresult rof almilera wuohs@EkePsdrmbas canal water.

tzeri ,genonova 1 specjes), .Escherichia col.i
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coli corrpare E. bi cola. Viruses
Cholera toxin consists of an A subunlt with a molecular mass of 24 kDa and 5

B subunits of 12 kDa. The mass spectra of the reference in water and spiked
canal water show the characteristic mass of the B-subunit of Cholera toxin. In
case of the canal water 12 summed single shot spectra containing the
characteristic cholera toxin mass spectrum are sufficient to indicate the
presence of cholera toxin when selected from a background of 600

shots/particles of canal water.

T and B lymphocytes

T and B lymphocytes are the major cellular components of the adaptive
immune response. T cells are involved in cell-mediated immunity whereas B
cells are primarily responsible for humoral immunity (relating to antibodies).
They form memory cells that remember the pathogen to enable faster antibody
production in case of future infections. The potential to analyse intact B and T
lymphocytes was studied on Jurkat T lymphocytes and J558 B lymphocytes

cells. Small amounts of about 50 pl were introduced with a Meinhard



The follow ng viruses were tested: the bacteriophage
M52 and the Bacul o viruses Autographa californica
woeebeatispol yhedrosi s virus (AcNPV) and Cydi a ponuybzaiok/aso721
granul osis virus. The bacteri ophage M52 represents a
RNA type virus. The Bacul o viruses are doubl e-
stranded DNA (dsDNA) viruses. ldentical spectra were
obtained with aerosol MALDI T@e M5 and common MALD
TOF M5. In case of M52, the [MtH + (nfz 13 726) and
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and 60 m was aerosolised and on-1line anal yzed.
Chol era toxin consists of an A subunit with a

woredoeoed18r nass of 24 kDa and 5 B subunits of RQI/ND2008/050721
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The mass spectra of the reference in water and spi ked
canal water show the characteristic mass of the
B-subunit of Cholera toxin. In case of the canal water
12 summred single shot spectrasggontaining the
characteristic cholera toxin mass spectrum are
sufficient to indicate the presence of cholera toxin
when sel ected from a background of 600 shots/particles
of canal water. T and B | ynphoeytes T and B

| ynphocytes are the major c ahtar conponents of the
adaptive i mmune response. T cells are involved in
cell-nediated jmunity whereas B cgéls are. primarily

r ésponsi bVEM sl magnERdctrametinmehqd for applygingan acrosol analyte,
m%Mw@ﬁ?y They form nenory cells that renenber the
pat hogen To enabl e faster antibody production in case

of- f ut ur ecantheoing tresaerting apehe il a nmtamahyteeial firddALDI

B and T | hocyt es was studi ed on Jur.kat ..T :

Y Rtrodr EORAS st e § oS pBE el Eitgpgrarenc according
ardatrsulaf(about 50 m were introduced with a

Mei nhar dnepul i ser. Figure 11 shows the aerosol MALD

TOF M5 avé sumred mass spectra of Jurkat T

| ynphocyt es gEd 58 B | ynphocytes. Concl usion The

above exanpl nstrate the generic capability to
generate gi-Scriminative Ms finggrprints frommaterials

of biological origin. The invention conbined with an
aevloesin Mag D, Sr@ig,l\@dw‘abelmi@\ﬁé@ndd%2baefeéndmdelaﬂﬂ chegen from
tqal, for ea LSCIi nation ecje t traikm,
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nePE0RaHY canppsie B CIRMSHAMBIONRY create dat abases
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ionising at least part of said analyte; and
separating the ionised components using a mass spectrometer, e.g.

time-of-flight mass spectrometer.

2. Method according to claim 1, wherein R! and R2 are the same.

3. Method according to claim 1 or 2, wherein R! and R? are methyl
groups.

4, Method according to any one of the preceding claims, wherein X is S.
5. Method according to any of claims 1-4 wherein said matrix material

also comprises an alcohol.



dat abases for interpretation. The invention conbi ned
Wi th aerosol MALDI TOF M5 as conpared to common NMALDI
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the presence of natural inorganic or biologica
backgrounds due to the analysis on single particle

| evel instead of bulk material.Cains 1. MALD nass
spectronetry nmethod for anal ysiing an aerosol anal yte,
conprising contacting the aerosol analyte with a

matrix material for MALDI mass spectronetry conprising

a 2-nercapto-4, 5-di al kyl het eroarene according to
faormula ( wher ei n,.Xi L. S.0r .0 a erejn an
RBar e i nboRERRERY kR i e iy g AREHELE podi Fom the
mefrbo) Yon Séthaxyf, matithnpl, @pleano], @opwhdl Boprdghnale-Rdaasle
taken together to forman_ optionally substituted
aﬁﬁﬁﬁ??ﬁ“ﬂﬂﬁﬂ“§ﬁ?ﬁcﬁﬁ@Q?*@BEPBﬁaIIy conpri si ng one or
nore heteroatons, or a tautoneric formthereof

ionising at |least part of said analyte; and separating

t He i oni shidteahponehng tusiang 5 whessingpe adgobnktser polghydric
tine-of-fljght s spegtrometer. 2. Method according
téﬁgﬂ%@ﬁ¥f#gﬁﬁ%lgﬂﬁgh%mghd R2 are the same. 3. Method
according to claim1 or 2, wherein RL and R2 are

met hyl groups. 4. Method according to_any one of . the .
precedi ngMethedgccoydiag &p ankpae of clgimyaty Fhesgasel plgohol is
t %a@ggen%fte(f ls@LITSs dRrbridRel £l S tht IRt rix nateri _al al so
conprises an al cohol.6. Method according to claim5,
wherein the al cohol is chosen fromthe group

i sti f th |, eth , )
2ot opandicthe s o CodR Bt uhGRRTRE skt tor-caspoy atom
f eJfth&HLBRM is substituted with at least one halogen atom.

10. Method according to claim 5-9, wherein said alcohol is fully
halogenated.
11. Method according to any of claims 1-10, wherein said contacting

occurs in the gas phase, wherein said gas phase is at least partially saturated

with an alcohol.

12. Method according to any of claims 1-11, wherein said at least one
aerosol has an average particle size as measured by transmission electron
microscopy of at least 0.1 pm, preferably 0.3-20 um, and more preferably
0.5-15 pm.

13. Method according to any one of claims 1-12, wherein said analyte

comprises biological material, preferably micro-organisms and/or proteins.



7. Method according to claim5, wherein the al cohol is
a pol yhydric alcohol, such as a diol or atriol. 8.

worboet1sccording to any one of clains 5-7, WhRCEND2008/050721
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sai d al cohol is hal ogenated, such as chlorinated or
fluorinated. 9. Method according to claimb5-8, wherein
at | east one a-carbon atomof the alcohol is

substituted with at |east onedal ogen atom 10. Method
according to claimb5-9, wherein said alcohol is fully

hal ogenated. 11. Method according to any of clains

1-1H0, wheMeithodtd ahycor dclaimy biduvkelen sdid agatytphasdeen
V\'he Jeeé:ﬁedz 1?(‘) C%aﬁf%?lse #haseﬁféctt%n?ﬁréogga%t 1 arotnltg(!tleg Wlé} sa}lg magcrlx
11ﬂiummﬂereln said at | east one aerosol has an aver age
particle size as neasured by transm ssion el ectron

m croscopy of at least 0.1 nm preferably 0.3-20 nm

angs, mor e RIERST ARie OialsifiPa iFR ofilomifBLiAd (A6GALHENT O
any one of clainms 1-12, wherein said anal yte conprises
bi-ol ogi cabbuautleg |ad‘VIAI@Ieﬁe$smjieytrnnwﬁﬂ1ffmg@m ibgorsatenousing a
pr ot &lﬁ A hod to %¥.o%%_?% clainms 1-13, wherein
salrd & fl(%glﬁ% PeeH'SUs B ed to particle size

sel ecti oncdhpAifing ehdeitathedWVINATIT IS Whbdtrsdi whithatlibirary of
material . 15. Method for the classification of

bi M N8 seetsmidsi ng obt ai ning a MALDI nass

spectrum gf pgisk Féﬁﬁtcof?fp%%ﬁ EIa@é@ylHé S8 lﬁoﬁ%&é}%
according to any one of clains 1-14; conparing the
obtalned MALDI SpGthUﬁ]Mﬁth a Ilbrary of MALDI NB

gt Lla On,gfﬁgl],]i)laplass spec rometl%zfjl Irn%tho ot ana yr%m?gl & ghg
comprising
contacting the analyte with a matrix material comprising 2-
mercapto-4,5-dimethylthiazole;
ionising at least part of said analyte; and

separating the ionised components using a time-of-flight detector.

17. Use of 2-mercapto-4,5-dimethylthiazole as a matrix material for

MALDI mass spectrometry.

18. Use of a matrix composition comprising a

2-mercapto-4,5-dialkylheteroarene according to formula (I)

X
/>—SH
N (D),

wherein X i1s N, S or O, and wherein R! and R2 are independently chosen from
hydrogen, methyl, methoxy, ethoxy, and propoxy, or wherein R! and R2 are
taken together to form an optionally substituted aromatic ring structure,

optionally comprising one or more heteroatoms,



16. MALDI nmass spectronetry method for anal ysing an

anal yte, conprising contacting the analyte with a
woraaoposd1s@mt eri al conpri sing 2- PCT/NL2008/050721

mer capt o- 4, 5-di met hyl t hi azol e; ionising at |east part

of said analyte; and separating the ionised conponents

using a tine-of-flight detector. 17. Use of

2-mer capt o- 4, 5-di met hyl thi azolog as a matrix materia

for MALDI nmass spectronetry. 18. Use of a matrix

conposition conprising a

2-avex wapeoeric fordi tidegdthet er oar ene according to fornul a

(1. whergin Xis N, S.or O.a (N Rl and, R2 are

| bRl o e BeaRo R an i wg AL e M feBRsBy

et hoxy, and propoxy, or wherein RL and R2 are taken
tqﬁgther to forman opti.onally substituted aromatic

rifg st r ubeerecordingitosaimy LS ST P thg BREofomRisEion
5 Nl QA0 pifsch AU QBT orb REA I DL AR orl oo Bifiol.

phase matri x coating nethod for LDl nass

spectronetry. 19. Use according to claim 18, wherein

the matrix conposition additionally conprises an

al cohol, preferably a hal ogenated al cohol .



