Overview

Purpose:
<+ Molecular weight determination
+ Identification of phosphorylation sites

Method:
<+ HPLC-MALDI-TOF-MS off line
+ Peptide mapping

Result:

<+ Molecular weight determination of all
three bovine NFP subunits

+ Identification of phosphorylation sites
in bovine NFL and bovine NFM
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Introduction

Neurofilament proteins (NFPs) are major cytoskeletal components of neurons and are composed of
three different polypeptide subunits: NFL (low molecular weight), NFM (intermediate molecular
weight), and NFH (high molecular weight). Each polypeptide subunit is organized into three domains:
a central relatively conserved segmented o-helical rod domain of approximate 310 amino acids
separates a variable N-terminal head domain from a hypervariable C-terminal domain. NFPs are
reported to be highly phosphorylated in vivo [1]. Since it is likely that modulation of the level of
phosphorylation at these specific sites will affect the structural and functional interaction of filament
assembly and interfilament spacing, it is important to identify endogenous phosphorylation sites
unambiguously. Various approaches have been used to evaluate the extent and sites of NFP
phosphorylation in vivo as for example 32P labeling.

Little is known about bovine NFP except that it is a protein mixture with relatively high molecular
weight subunits. Only the full sequence information is accessible for bovine NFL. In case of bovine
NFM only a partial sequence containing the C-terminus of the protein is available. Currently, there is
no information available on the in vivo phosphorylation sites present in bovine NFPs. The lack of this
important information made bovine NFP the perfect model protein mixture for evaluating a mass
spectrometric approach towards weight deter ion of individual subunits, de novo
sequencing of the N-terminus of NFM and identification of their posttr phosp
sites of NFL and NFM in vivo. Peptide mapping investigations, including MS and MS/MS
experiments, were obtained utilizing Q-TOF and MALDI-TOF/TOF mass spectrometers. These
fundamental investigations give the opportunity to establish a foundation for further studies.

ylation

+ Molecular weight:

+ Peptide mapping:

Methods

Separation: HPLC-fractionation off line
MS: costumer build MALDI-TOF mass

spectrometer Coverage:

Proteases: trypsin, Lys C, pepsin

+ HPLC-MALDI-TOF-MS off line determined the molecular weights of NFP:

Results

+ Peptide Mapping determined the following aspects:

NFL (99%), NFM (94%)

De novo sequencing of the N-terminus of bovine NFM:

115 amino acids (98% confidence; side chain fragmentation
suggest two Ile residues at positions 26 and 104)

Overview of bovine NFL

NFL (63 kDa), NFM (105 kDa), NFH (125 kDa)

trypsin Lys C pepsin

Environment: in-gel, in-solution
Incubati time-dep
Extraction conditions: methylation/IMAC-
separation

MS: LC-MS/MS (Quadrupole
Time-of-Flight mass spectrometer,

Q-TOF, Global MS from Micromass,
Manchester, UK; MALDI-MS/MS

(Applied Biosystems ABI4700 TOF/TOF
mass spectrometer, Applied Biosystems,
Inc., Framingham, MA)

ice q

phosphorylation: NFL (three heterogeneous sites),

NFM (sixteen homogenous, six heterogeneous,

and two unconfirmed sites)
Further modifications in both NFL and NFM:

Deamidation, oxidation, pyro-glu, N-terminal acetylation
Methylation/IMAC-approach :

Improved quality in the mass spectra but not in sequence

coverage because it was difficult to yield quantitative esterfication

total number of identified aa [out of 554 possible] 468 329

total coverage [in %]
unspecific cleavage #/number of peptides
total number of modification sites?
#/554 [in %]
#lindividual coverage [in %]
total number of phosphorylation sites
Ser [number of aa]

data interpretation: Mascot

and thereby increased complexity of data interpretation r:r::e:t
Protease: Trypsin is the most valuable with respect to highest sequence and homogenous
phosphopeptide coverage and showed the best reproducibility heterogenous
Thr [number of aa]

Peptide Mapping Investigations

845 59.4
n.o. n.o.
26 7
4.7 1.3
5.6 21
3 1

3 1
n.o. n.o.

376
67.9
35/48
2

0.4
0.5
no.
no.

n.o.

Overview of bovine NFM

total number of identified aa [out of 810 possible] 646 492 410
total coverage for partial NFM sequence [in %] 79.3 60.7 50.6
total number of identified aa [out of 925 possible] 720 523 491
total coverage for total NFM sequence [in %] 77.8 56.5 53.1
unspecific cleavage #/number of peptides - - 62/71
total number of modification sites in total NFM sequence*? 45 16 4
overall #1925 [in %] 4.9 1.7 0.4
546 #lindividual coverage incl N-term [in %] 6.3 3.1 0.8
98.6 total number of phosphorylation sites 21 7 1
35/48 confident [+ tentative] = = =
26 Ser [number of aa] 16 7 1
4.7 confident = = =
4.8 tentative - - -
3 homogenous [+ tentative] - - -
3 heterogenous [+ tentative] = - -
3 Thr [number of aa] 5 n.o. n.o.
n.o. confident - - -
n.o. tentative - - -
3 homogenous - - -
n.o. heterogenous = o o

trypsin Lys C_pepsin_overall

Conclusion
753 The determined molecular weights
93 indicate one phosphate group in bovine
868 NFL, in “24.5” NFM, and in 108 NFH
93.8 (extrapolating from mouse NFH)
62/71
51 The site at Ser in bovine NFL was
85 previously uncharacterized, and the two
59 others conform to other mammalian
4 NFPs. Phosphorylation of bovine NFM
22[+2] mainly occurred in the Lys-Ser-Pro
20 region but were also found in Val-Ser-
19 Pro and Ser-Glu-Lys motifs. Most of
"0.5" them are in accordance with other
13 [+'0.5"] mammalian phosphorylation sites. The
6 phosphorylation sites in NFL were all
5 heterogeneous. In NFM homogenous as
7 well as heterogeneous phosphorylation
- sites were determined unambiguously.
3[+"0.5"
0[+1]

Determination Sequence Coverage and De Novo Sequencing II. Determination of the Modification and Identification of the Modified Amino Acid Residues
g on s on by
A . AEEAKDEPPS EGEAEEEEK FSYEP TSYKRRYVET PRVHISSVR GYSTAR SYSAPVSSSL
) NFLT* NFL NFM N-terminus of NFM il 3 - e pLSSVEE
o NFLP* INFL] N ) . Sebimer  oooBonsl ouereome  acsoonore 1o
31,285 62,600 L TEYRRRYVEL ISRV VS . "s\nwsncm: RRVIETR FSRISGSP FR! RGSPST YKRSALAPRL TYSSAMLSSA # sequence ions score NFM species 100 J ASF[I,ER\[I,HEL EQONKVLEAE LLVLROKHSE PSRFRALYEQ EIRDLRLAAE
=4 I L | I | _ Tiis  SYTLDSLGNPSAYRR EY human, mouse, rat DATNEKOAL Lol e SRLE Londiiii s i
0 30,000 45000 55000 65,000 miz ® (X3 (3 . * * Ps12 DSLGNPSA 56 human, mouse, rat PIDALATAT B IERTEL LA ST
§ ’ SVRRSYSSSS GSLMPSLESL DLSQVAAISN DLKSIRTQEK AQLODLNDRF ESSLDFSQSS SLLDGGSGPG GDYKLSRSNE KEQIQGLNDR LEQQNKEIEA ~EIQALROKQA i e >
100 [NFM]2+ INFM]* i y It L | 7 Pis2s  YRRVTETRSSF 49 human . ons s - K IRAQVEKI KSRFTVLTES ARKNTOAVEA 300
105,044 ES ¥ = = P, SRISGSPSSGF 2 et GhEEr / ‘ LLKAKTLEIE RGMNEALE LOELED! NADTSARGDT
sl [\52.528 ’ 0 0 0 2434 INKLENELRT  TxsEMARYLK Mvoprnvid LDIEIAAYR _ KLLEGEETRL 400
ASFIERVHEL EQONKVLEAE LLVLROKHSE PSRFRALYEQ EIRDLRLAAE SHAQLGDAYD QEIRELRATL EMVNHEKAQV QLDSDHLEED THRLKERFEE EARLRDDTEA AIRALRKDIE Py.35s  ISGSPSSGFR 31 not observed / ; P i ificati P o
[ I e i ; # ___ peptide sequence in bovine NFL modifications [aa: ions score] SFTSVGSLTT ___ GYTQSSOVFG ___ RSAYGGLOT: sviflsarsFe  svvronvOEs
0 50000 75,000 105,000 miz o 1 | B [ L,  SQSWSRGSPSTVSSSYK 74 human, pig, rat T SSFSYEPYYSTSYK sl - — E——
100 [NFH]* 0 . [y X3 Tes2  GSPSTVSSSYK 82 human, rat, pig / Liw  S™SFSYEPYYSTSYK N-acetyl[s" 68] Yy :
DATNEKOALQ ~  GEREGLEETL RNLOARYEEE ESSLVKVEL / o EEGAQERE KEDAREAKEE DEGAGEEQAT
125,167 ; 3 s (VELD KKVQSLQDEV AFLRSNHEEE VADLLAQIQA S}HIT\IE{R[(TDY LKIDISTALK EIRSQLESHS Tas  GSPSTVSSSYKR 74 IFaTmEm, e (7 l T S"°SFSYEPYYSTSYKR Neacetyl [8" ™. 79] /
50 | f frm m £ : - T RSTYSSSSGSLMPSPLESIDISQUANNDLK e (90} Mroxd % 102 y
3 “ e Pl e & o, pig Ty SMYSSSSGSLMMPSUALESLDLSQUVAAISNUDLK unmaif [2351; phospho (8% <47 78]; M-oxid (M4 57 232] /
0 90,000 105,000 120,000 135,000 miz AALARAELEK RIDSLMDEIA FLKKVHEEET aecfalilva Srsveliovss DONMHQAEEW FKCRYAKLTE AAEQNKEAIR SAKEEIAEYR RQLQSKSIEL Esvxfossn ERQLSDIEER Tsass  SALAPR 29 rat, pig | phospho (8% “2"*: 54]; 2 deamid [Q™* =", N*. . 7g]; deamid [N**: 35] NFM
} | J - L .| |- ] T LTYSSAMLSSAESSLDFSQSSSLLDGGSGPGGDYK 130 \ Tur-1ss LAAEDATNEK unmod (78]
| i t | ] = o pig r-tse t
Tur.1r LAAEDATN*EKQ"*ALQGER deamid [N'™ <" 93]; deamid [Q'" . 125] YTLDSLGNP RRVTETR FSRISGSP GFR! RGSPST
B " " ¢ e () . Pros  FSQSSSLLDGGSGPGGD % L] Pue. 100 LRLAAEDATNEKG9ALOGEREGL urmodi (32 @sALAPRL T ESsLDFSQsS LLDGesCR DYKLSRSNE 100
[NFL] KPDLSAALID  TRAQEKE KSRFIVLTES ~ AAQVIDAVRA HNHDLSSYOD TIQQUENELR GTKWENARNL REYQDLLNVK WALDIETAAY RKLLEGEETR FSTFAGSITS B BETEET = o
62,606 } ! I } } } ¢ — Po gz RSN [omnod {53104 U o5) / KEQLOGLNDR FAGYIEKVE LEQON E10ALROY HADLGDAYD
2,00 X e I Poy1e  YKLSRSNEKEQIQGLNDRFAGY 38 pig Lev. s [RIDSLWDERFLK e { Qerrerents  mnviEx LDSDHLEED __ THRLKERFEE __ EARLRDDTER 20
. Y + SNEKEQIQGLNDR 82 Tarr.z24 RIDSLMHDEIAFLKK unmodif [75]; M-oxid [M?'%: 52] | “
INFH]* LLKAKTLETE i E rozrand waoredidor PLYTHRQPSI AISSKIQKTK VEAPKLKVQH KFVEEIIEET EALTAITEEL KEEVKE Tos1o @ :'g = | Tor. o IDSLMFDEIAFLK nmodif 100 M-oxid (ME% =7 7] { AIRALRKDIE ESSLVKVELD KKVQSLADEV AFLRSRHEEE DLILARL
: T ! + uman, ral ot 216 — S—
Q ! L t g ‘ | Tia's1oM| SNEXEQUQGENDR 82 i Tarz-z24 IDSLMDEIAFLKK unmodif [101); M-oxid [M*'®: 77] SHITVERKDY LKTDISTALK EIRSQLESH: DONVHIAEEH FKC?**RY***AKLTE
124,980 o . . .40 Piot-10s | KEQIQGLND 7 pig | Tazs. 25 VHEEEIAELQ™AQMIQ"eYAQ™ISVEM™*DVSSKPDLSAALK unmodif [247]; deamid [Q%* <™. 8o]; deamid [Q®® <" 65]; deamid [Q*® <" 58] e P e ERQLSDIEER
T S o T PR R S seancoons e c = A g g e — s e rem
b B ; - | ; COLOGLNDR = (e / Pa s MFDVSSKPOLSAALKDRAGY e 55; Wi (2% 42 uiiorssydp  riGoreneie eBvoprivie  Sarerany wo
Socoooeg L F-=q { ‘. 3 {T102-110 " / Tra. 21 NMPQNAEEWFK nmodif [53]; M-oxid [MZ <o 5g] RKLLEGEETR FSTFAGSITC PLYTHRQPST ISSKIQKTK VEAPKLKVQH
EQIQGLNDRFAGYIEK 86 o r: 9]
L ; Ll \ 7 E | ] Tinar  FAGYIEK 60 pig, human, rat Pz s LEKQULQELE deamid [0 ' 58] R S - -
0 y — Piis1  IEKVHYLEQQNKEIE 55 human, mouse, rat, pig Lizz-z Q"LAELEDK unmod [56); pyroghi Q™ 40) Beocd
40,000 miz 120,000 . " + e 0 .0 . + e 0 " e Iy . MEt20 Tz ss2 | QPLQELEDKQ *NADISAM™QDTINK unmod [119]; deamid [Q¥®: 83]; M-oxid (W™": 40] : SR, (0
QIEVEETIER : T EAKSPTAKSP T T EAKSPTAKSP T ‘ AP Tasz. s Q""LOELEDKQ™NADISAM™QMDTINKLENELR unmodi (91 pyrogu (G 96 pyro-gu, M-oxid [Q°%, M- 57 PREELAAEMC__ VEpEEaKS'p erifh  Tuchente  BAGHRTUSE
L - x error tolerant search 2 deamid [ <o, Q& <o 106]; M-oxid [M*”: 55] \ TAKSBVAKSP TAKSPEAKSP EAKS”A‘PTAKSP TAKSPRAKS®**P AFKSPVEEVE 700
. . . P Tso-353 QNADISAM#*QDTINK unmodif [101); M-oxid [M" <. 75]
A k l d t EEGAQEEE: KEDAEEAKEE g ® DEGAGEEQAT 2 Dvmmgg ¥ side chain fragmentation utilizing r:: :: QNADISAMM*QDTINKLENELR unmoif [178]; M-oxid [M*": 45 \ EQKEKVEEEK KAEKKEEKPK
cknowledgements =5 ; i MALDI-TOF/TOF suggests Iso Lo | GPNADISAMGPYDTIKLENELRTTK unmad 76} yro-ga [0 1 61 doamid [ 6] | ecloe  omien o CKEEG 300
N izl L, TS ErHelss e Tas o VLKEMYQDLLWVK i / LKESRKEDT feevecke  meoETKEK cemmEkvvt  Weroveecoe
We thank Brain Arbogast and Lilo Barofsky for assistance. KKKD PEKEAKEEEK LKESRKEDI AINGEVEGKE GGEEEKGVVT therefore excluded. Tars s E**YODLLNVK unmodif [56]; pyro-glu E°7" <*"": 78] KKGGDKS®*"EEK T**KMVEKT ITKSVIVTQ KVEEHEETFE 900
- ] ; ; . . S 5 30.con, /
This work was supported by a subproject of grant ot i | f i T T — unmo:‘;ﬁllMde[T - ssl] EKLVSTKKVE __ KVISHATVKE  VI"%Qs™D
g =is T M unmod oxid [M** <" 56 /
NIH/NIEHS P42 ES10338-02 to MLD. - e = g 0 e o - "
LIRS S et 2 e AR | CAEEC e e el e Ttz SFPSYYTSHVQUEEQUIEVEETIEAAK unmodif [115]; deamid [Q“® <" 72; 2 deamid [Q“%, Q**: 51]; deamid [Q** <" 61] A phosphorylated Ser o oxidized Met straight line: confident sites
- . e e P ! - Tass o1 AEEAKDEPPSV"EGEAEEEEK unmodit (43 prospio (5% 53] \‘ v phosphorylated pSer o deamidated Gln and Asn dotted line: tentative sites
L't t peptlc coverage overall coverage = 1 Lass a1 unmodif [108]; phospho [S*7% 69] ¥ pyro-glu of Glu and GIn —— overall coverage empty shape: heterogeneous sites
iterature " Tics- a3 AEEAKDEPPS"*EGEAEEEEKEK phospho (517 1" gg] + Ser motifs full shape: homogenous sites
lys C coverage ¢ modified sites KVISHATVKE  VIQSD [ uspps:-ssmesex unmod (52 prospto 157 64] bold numbers indicate highest ions score identical sequences
A A q 1 Tiss. a1 DEPPS"EGEAEEEEK phospho [§*7% 55]
[1] Pant, HC, Veeranna Biochemistry & Cell Biology tryptic coverage gy e T et 57 2 cnt confident identification # homogenous modified site
(1995) 73: 575-592. Tsss.ss1 EMAEEEEKKDEGAGEEQATK unmodif [161); pyro-glu (€% **: 91] | went gentative He mreibe s




