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Abstract—Post-translational modification of protein amino acid residues is a well known.
metabolic phenomenon. One such side chain modification, protein methylation, occur ubiquitously
in nature, in organism ranging from prokaryotic to eukaryotic and the biological significance of
protein methylation has begun to emerge. The observation that cytochrome C methylation
facilitates the binding of this hemoprotein to mitochondria could be placed as the one of the
examples along this line. However, the detail biological meaning of cytochrome C methylation
is remained to be clarified. In the aspect of such reason this research was done. The results of
this experiment were; 1) pure Euglena gracilis cytochrome C552 was isolated, 2) methylarginine
and methylmethionine were not found in cytochrome C552 sequence, 3) however, Unknown Peak
at 20.78min of retention time was found, and 4) this Unknown Peak was found only from

Euglena cytochrome C552, so far.
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& ¥ X 2 —S-Adenosyl-L-(methyl-“C) meth-
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8925, chymotrypsin-TLCK, trypsin-TPCK,
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Column : C18-pBondapak (Waters, 3. 9X 15cm)

Mobile phase(A sol.) : 1% Trifluoroacetic acid
(TFA)

Mobile phase modifier (B sol.) : 60% Ace-
tonitrile in 0.07% TFA

Flow rate : 2ml/min.

Gradient table for peptide mapping

Flow rate

Time %A %8B Curve
Initial Oml/min 100 0 —
1.00min. 0.1 » 100 0 1
1.50 1.0 » 100 0 1
2.00 2.0 »n 100 0 6
62,00 2.0 » 0 100 -6
63. 00 1.0 » 100 0 11
64.00 2.0 »# 100 0 11
75.00 0 100 0 11.
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Column : Resolve C18 column(3, 9mm X 15cm)
Mobile phase : Methanol: THF :water(2: 2 :
96) with 50mM-Sod. acetate, 50mM-Sod. pho-

sphate(dibasic) - pH7. 5

Mibile modifier : Methanol:water(65 : 35)
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0.2ml & 10mge} OPA 2 (. 1ml®] 2-mercaptoe-
thanolg- &8t GdozA AdutzAddl A
2393, 45°Co 48 AolA amino acid¢}
OPA%}-ul-goz AA=lE PP EE excitation
wave length 338nm, emission wave length 425

nmel 4 &7 s ek,
4 83N

Cytochrome C5522| & & —°F 800g2] Euglena
celli-‘i';E] gel filtration, ion-exchange chromat-
ography, 2]z HPLCE AAAAL AA ¢
5mge] 448 cytochrome C552% <191 ch(Fig.
1). £4AA 38 cytochrome C5529] 4=74-&
9]5to] spectrophotometer=. spectrum$ 74 &
A7 a-band(552nm), b-band (523nm), Soret
band(416nm), =z]x d-band(319nm)E r}elyy
ov (Fig. 2) 7 bandzte) 4= ®l&L &
BE3} fA3te  cytochrome C55298 &+A4&
48 4 Il
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Fig. 1—Purification of Euglena Cytochrome C552 by HPLC system
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Fig. 2—Spectral Patterns of the Purified Euglena
Cytochrome C552
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Fig. 3—Tryptic Peptide Patterns in HPLC Analysis

retention timeo] w2} Z}Z} peptide-20, peptide
-29, peptide-34, )3 peptide-37% v333}
%= (Fig. 3.

PetigrewS9¢) ¢}3}w Euglena cytochrome
C552%= 8371¢] amino acids® FA o] gon
2 ZF 1EA9 arginines}d 3Ex}9] lysine—% 34
Sta glom trypsin FHEESE 90 F e
7}%38t peptides} o] A amino acid sequence®

A stg et (Fig. 4).
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Net found

Asn-Giy-Lys

Glu-Ala-[le-Glu-Tyr-Gin-Val-Arg Peptide-20

Thr-Ala-I1e-Glu-Glu-Tyr-Leu-Asp- Peptide-29

Gly-Gly-Tyr-Thr-Lys

-24

cuptide

s

Gly-Pro-Het-Pro-Aia-Trp-Giu-Gly-
Val-Leu-Ser-Glu-Asp-Giu-ile-Val-
Ala-Val-Thr-Asp-Tyr-Val-Tyr-Thr-
Gir-Ala-31y-Gly-Ala-Trp-Ala-Asn-
Yai-Ser

Giy-Gly-Ala-Asp-Val-Phe-Ala-Asp- ¢eptide~37

Asn-Cys-Ser-Thr-Cys-His-Val-Asn-
Gly-Gly-Asn-vVal-1le-Ser-Ala-Gly-
Lys .

Fig. 4—Tryptic Peptides in Euglena Cytochrome
C552 (According to Petigrrew’s sequence)
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Peptide-202| Amino Acid Z=4—Arginine&
F43te Ao® A5 peptide-209] amino
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Fig. 5—Separation of Amino Acids in the Hydro-
lyzate of Euglena Cytochrome C552
27 €444 cytochrome C552% StA 7M1
3] % horse cytochrome C¢} % amino acid 2
Ae 24 ¥matdctFig. 5). 2ddAA B
ulg} o] Eo]51A = Euglena cytochrome C552
ol 4 = horse eytochrome CellA] WAHA g+
retention time 20, 78min.¢] &<l =] ¢¢3 amino

acide] peak® viEhdlth

asymmetric)-& 17.57min., = monomethylly-
sineg X.u} w2 15,79min.e] L8] 3 monome-
thylarginine-& 16. 97min.o] peaks} VY ENIEZE
retention time 20.78min.ql compoundy ofwtE
methylated basic amino acid® o} Aoz &
4.

The Unknown Peak?| & 0l—Retention time
20.78min.el Unknown PeakE #l3}7] $]3}4]
methylated basic amino acids]¢] ©+& F72
methylamino acids®] retention times} w} L35
t}(Table I). ZolA 2t ulsl 7o) o-methyl-
threonine-2 17, 80min., o-methylserine-- 15.58
min., 28] 2 o-methyltyrosine 21.72min. 2.2
A Unknown Peake} 9 x]3}A ¢akel.

Unknown Peak®ls o4 E —Fuglena cyto-
chrome C552¢] 9] retention time 20.78min. &
g] 2= Unknown Peak$ #-f3t& 2949 +#
22 AAsgch(Table II). =21t horse cyto-
chrome C, wheat germ histone H4 fraction,

Table I—Retention times of the Unknown Peak and
the Various Methylated amino acids

Retention Time(min.)

Compounds
(HPLC system)
The Unknown from Euglena 20. 78min,
cytochrome C552
S-methylmethionine 11.10 7
O-mothyl-threonine 17.80 »
O-methyl-serine 15.58 #
O-methyl-tyrosine 21.72 1
Monomethyllysine 15.79 1
Trimethyllysine 15.79 »
Dimethyllysine 17.30 »
Monomethylarginine 16.97 - #
Dimethylarginine 17.57 #

Sarcosine(N-methylglycine) No fluorescene

N-dimethylglycine No fluorescene

Betaine(N-trimethylglycine) No fluorescene

One hundred picomoles each of various methyl-
amino acids were processed in the exactly same
conditions as described in Fig. 5.
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Table II—Checking the Presence of the Unknown
Peak in Various Proteins

The Unknown Peak

Proteins
Cytochrome C552 from Euglena 20. 78min,
Horse Heart CytochromeC Not found
Wheat Germ H4 Fraction Not found
Histone H4(Calf thymus) Not found
Histone H2A(Calf thymus) Not found
Histone H2B(Calf thymus) Not found

calf thymus histone H4, H2A, H2B %&
Unknown Peak& i}elulz] gk},

o &

AzAAA 44 duALe FA F F29
o] dojndel= AL AU ASTH &
Aoz o]e 7Z+e. & Ao methylation, pho-
sphorylation, acetylation % 7.9)¢] & Z37}
g8A ged, 2 FAAE Z=H DAl
methylshgl A& = ASeA vl A5 9
HozA @e AFAEY aAFiyge] Hi gl
t}, Protein®] methyldld A& Dbacteriao] 4] i
TEEY AXo AA FF WA dejvin =y
A 9] arginine, lysine, glutamic acid, aspartic
acid, histidineZ-¢] amino acids7} enzymeo] 2}
3}e] methylation 5= & Aojc}, W

AFAA ¢z B d methylsls] o) AE
A AR Age FAAA A5z,
myeling A% bacterial chemotaxis,*3 wlo]l B Z
] o9} cytochrome Cobo) A A58 5 =
ol F& Agol wixd A gTFsHIc
Cytochrome Cx= A ] mitochondriad] &) 3}
E i ARA o 100959 YEAANA £4
At} amino acidzAe] WHA wl§ 43
Atd SNARA AgAA S AR TLA=
a2 715 Wiyt g9levt amino acidzA-&
2 2 ¥W3E B 4 glev] 53 amino acid
24 F 53¢ A4 EA% amino acids}
methylsl Heo| Q& g Ae] .51

A2z AFE uwpsd o], wheat germ
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cytochrome C& 72 2 86¥ ¢ Ao, neurospora
1} saccharomyces= 72¥ ol vt {rimethyllysinec]
A3 horse heart cytochrome C& ¥-E &
methylated amino acid7} A& LAFHA kel
= 23 St %® =3 A=A Euglena
gracilllis2 28 cytochrome C552, C554, C557,
C558 5 wo F 5o cytochrome C species7}
ahA, AA 9o Cs573 Co58ell A trime-
thyllysineo] ¢l =] g€ o]}, &38| methylated
amino acids oA . methylarginineo] 1} me-
thylmethioninel= o} &2 cytochrome C
AAE oA WALA @z ek 2
# & FarooquiS'® ¢ Fx 34 ¢3t=, Euglena
2 REH AATd FA9 protein methylase:
horse heart cytochrome C& 7|4 = 319-& =
methylarginine®} methylmethionine-2 29| pro-
ductz A4 Stz wasge o e
g 4 Euglena cytochrome Col methylated
amino acids®] ZA15AL AT F3 3
o}, '

2 A A 2 AdA AgezA
Euglena gracillisZ ¥-¥] 5mg®| %< cytochrome
Cs528 dglen, 44 cytochrome C552%
cytochrome C¢] &34 &3 spectrumq} a-band,
b-band, Soret band, ¥ d-band% B FY o
o] 7} spectrumzbe] FFEu]-go] Byg FHW
o FAmw-gsd A A €544 AR
% ¢ T Ush

Petigrew 9@ 9] F54FA"l &3 Eug-
lena cytochrome C552% & 83712 amino acids
2 FA% duAd 24 I % basic amino acide
arginine 152 A9} lysine 2847 23 =o] 9o
1}, methyl3lsl methylated amino acide WA
= otz B wslgch =3 cytochrome C
557 2 C5580 A1 trimethyllysinen) w4 = 9}
£ M Farooqui%199) in vitro AR A A7 4A
%% methylarginine®] EAl& QA=A &3 gl
th. E APlAE arginined i3t Aoz
& 2352 peptide-202 HPLC systemo 2 -2
AA & 29 amino acid compositiong 7 A
Az} Asp 1, Glu 2 Gln 3, Gly 1, Ala 2, Tyr



426 o & &..wl

1 283 Arge 13424 7E9 Bude &
7t Aol vebiiglch, ey arginine A
7} &= gdLol s EF35  methylarginined]
EAE AdE F Uitk

719 8}9. 9 methylarginineo] cytochrome C552
9} o] A peptide fragment, Z peptide-202 ¥
e E/%dlgeng o F5H9 methylated
amino acids®} &4 ¢35 A4 A} 2E 5
o A 8} zro] retention time 20.78min.ol ol
A &= amino acid peak®E FFAFHHT ]
retention time 20.78min.2] Unknown Peaki=
methylated basic amino acidsQl mono-, di-,
trimethyllysine, mono-, dimethylarginine 53}
retention timed] 2 =o]E tEhile] AHolm
methylated basic amino acids o}y HAog F
239t} =3 S-methylmethionine?] retention
timex. 11.10min.© 24 Unknown Peaks} S-
methylmethioninedd 71542 3|43ty o, 7
B} o-methyl compounds 2 methylglycinese] -}
FAE A% ov 2 AFE £4F 5

o] retention time 20.78min.2] Unknown Peak
£ AR dFF ute o] Bg FH9
amino acids&3} v)m3lg e} = EAE &ql 3
7 olgfen, =3 ® I 2E uls} o
© 4 Euglena cytochrome C5520)4nt #-A &
4 919 thk. & horse heart cyjochrome C, wheat
germ H4 fraction, calf thymus histone H4,
H2A, H2B 3¢ A 72dE2 ¥ amino
acid composition-g A A3ty o} 49 Unkn-
own Peak: Ytel}A] okgle},

# =

1. Euglena gracillis ¢F 800g2. 228 ¢ 5mg
9] 443 cytochrome C552% 4t}

2. 489 methylarginineo] 1}  methylme-
thionine2 &A & + 9lsivh

3. z#]v} Euglena cytochrome C552¢]] 4
retention time 20, 78min.¢} Unknown PeakE-
A 3k 9l v

4. o}q74A Unknown Peakdl 2A4E # g

4 9l9l o] o] Peak ¢%4 Euglena cytochr-
ome C55201 A vt AT F gich.
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