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Abstract

A new probe, L-phenylalanine-4(1-pyrene)-3-methylamide (PMA-L-Phe) carrying a free amino
terminus binds to both bovine serum albumin (BSA) and chicken egg-white lysozyme with high binding
affinity. Photocleavage of the proteins by PMA-L-Phe can be achieved when the mixture of the protein
and PMA-L-Phe is irradiated at 342 nm in the presence of Co(III)hexammine (CoHA). No reaction can
occur in the absence of light, PMA-L-Phe or CoHA. Lysozyme is cleaved by PMA-L-Phe with high
efficiency (57% yield) and specificity while BSA is cleaved with much less efficiency (<5% yield). From
the N-terminal sequencing, the cleavage of lysozyme occurs between Trp-108 and Val-109.

Binding affinities of the two enantiomers with lysozyme, and bovine serum albumin (BSA), have
been quantitated to determine chiral discrimination by these probes. Lysozyme indicates a six-fold
selectivity for the D-isomer, and the binding constants are 3.3x10° and. 2.0x10° M"' for the L- and the D-
enantiomers, respectively. In contrast, BSA indicates ten-fold selectivity for the same enantiomer and the
binding constants are 3.8x10° and 4.0x10° M for the L- and D-enantiomers, respectively. This aspect of
chiral discrimination by the protein host is important, because the enantiomeric selectivities illustrate the
crucial role of the chiral center in the probe-protein interactions. However, both enantiomers cleave

lysozyme at the same location.
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HQNHCO I“'""l"ll[ IH
PMA-L-Phe CH,-Ph

OQQ GrzPn

H2NHCO Illl-l-.x..””H
PMA-D-Phe NH,. HC!

Chart 1 Tnseadvos L-phenylalanine-4(1-pyrene)-3-methylamide (PMA-L-Phe) way D-

phenylalanine-4(1-pyrene)-3-methylamide (PMA-D-Phe).
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2. M3ANY chiral recognition
=2 aaa ' 1Y a 9 a .
3. MsAnUNse1591I1 probe U 115AU TaslHimAtianIa Nuclear Magnetic
Resonance Spectroscopy (NMR)
1. mamdvuvesnsaeziiluveufInangnda
2INN3AA lysozyme 1au1d PMA-L-Phe 18111 1n@ 2 band 1§ M.W. t1fu 11 kDa iag 3
° oA @ A
kDa 95 transfer 1)) Inanuon1dasuy PVDF membrane™ uazda band Ndeamslim
fMavunsaszii lunalateay N (N-terminal) Taehiae 1 Midwest Analytical, Inc., USA
A o w a b4 A % .
e3P UNTADLI 1UAILIATOS amino acid automated sequencer
2. M5ANYI Chiral recognition
[ %3 d
2.1 M3AUATIZH PMA-D-Phe
:I $ ° o o
dun1  lddimsdunsizv luanaves  D-phenylalanine-4(1-pyrene)methyramide
2 4 " ° .
(PMA-D-Phe) %uii)ut enantiomer Y89 PMA-L-Phe Taoi 1(1-Pyrenyl)methyramide (PMAC)
‘lﬂﬁ1ﬂ§ﬁ‘§ﬂ‘lfﬁj N-t-Boc-D-phenylalanine (310 Sigma) luesazais acetonitrile/ CH,CIl, uag
¥
5% (w/v) sodiumbicarbonate (ﬁszﬂu 80% acetonitrile/water) MNTUIUAY Dicyclohexyl
carbodiimide (DCC) aaly) aumsazmvhgamgiiveaiiunm 4 Falus imsasivaey
s s . P i e
wasnaifavulaeld TLC (14 CHCL, / Methanol 1Wiudawz) nnq #2lue iorfSunmves
. b4 v ) v
naawa luiRamuIuIuRuiniengal §aser udnhnisanandanadle CH,CL, 114U CHCI,
[ 14
#ldmswdundnildddailaeld Mgso, anhydrous wazszmediiazavauuianeld
anudu Idnaanailunadimaosdou (70% yield)
:I n=; ° Ay yd o . 5 o
wun2 hashlagaiu N-t-Boc-D-phenylalanine-4(1-pyrene)methyramide 3411
5 P d v o
s qns Tae 1% column chromatography 4 silica gel (wu stationary phase wazledaiazate
I Y & a = 3/ 9
HEYBY CHCL, / Methanol Hudaaz mimiuthasuignimesaevlaseaiialaly uv,
Fluorescence, IR 102 NMR WUU0YaN1a spectroscopy tranndnafiylnseeinysans

¥ .
NARHATUTN 2
Y 4

[ v ' . ]
dun3  hasildludud 2 sdhinmsaaony ¢Boc eldifany NH, dwzh

Yarsvesluana Tavazawa1snlalu 50% TFA/CH,CL, + 5% triisopropylsilane AUE5aZAY

k4
fpumngiveadiunm 10 i nihininnesaeundanalasld TLC wuitld PMA-D-Phe
H

uSqns 1hmsildunasteaeulassadinlaeld UV, NMR oz Mass spectrometry Wud
] b

o a a @ ay o A

Joyanie spectroscopy @oandnifuInssadnvesmndanafimaniall Taoiideyadsil

PMA-D-Phe (70% yield); 'H NMR (400 MHz, d,-DMSO): 7.9-8.2 ppm (9H), 7.1-7.2 ppm (5H),



5.0-5.2 ppm (2H), 4.0 ppm (1H), 3.7 ppm (1H), 2.1 ppm (2H), 1.7 ppm (2H). MS data (FAB):
m/e 758.4 (2MH+), m.p.:120 °C.

2.2 MSANEIMSOD  (binding) 83 PMA-D-Phe  fuldlsaulasld UV-Vis
spectrophotometer 1W3sUflauNUNaN1SNANBIVDI PMA-L-Phe

Mldlaomsduaisazais1Usiu (BSA 1130 lysozyme Anududu 0-10 pM) aaly
?15820818 PMA-D-Phe (2 pM) 114 50 mM Tris-HC, pH 7.0 mmfuﬂwh absorbance U84 probe
#ldnn A, fudazanududuvealsfiu 1ndudmm binding constant 1INAUNTVDI
Scatchard”

Scatchard equation: 1/Cy = (n-DKyr
Tao r = 5a51891 ANUDULUUDA bound probe ABANUITUTUYDI T 5AY
(Cy / [protein])
Ce= ANUITULUUDA free probe
n= 91UIU binding site
K}, = binding constant
2.3 msﬁnmmsé’fugamimmtm (fluorescence quenching)

M3ANYINeNanD fluorescence Y89 PMA-D-Phe (2 pM) vmzdvagiulysau (10
uM) 9218TAons titration MsazAENENYEY PMA-D-Phe fiuTis@iudae  quencher
(hexamine cobalt(IIl) trichloride, CoHA) (0-1 mM) TaoFannuduiiag fluorescence Y09 PMA-
D-Phe i Ay MARZANIMTFUVDS CoHA 211N quenching constant 310
AUN5UDY Stern-Volmer® (/S8Ufiouny PMA-D-Phe 803% LAZWAMINANDIVDI PMA-L-
Phe I msfin uiosdy

Stern-Volmer equation: lo/1 = 1+K,, [Q]

Tag To waz I = anuduuad fluorescence Y03 Probe NBULATHAUAN CoHA
SRPTRIRT

K., = Stern-Volmer quenching constant

SV
[Q] = ANUYNYUVDI quencher

2.4 msanmsaallsfulagly PMA-D-Phe nf3suilaununsly PMA-L-Phe
(B3 HUATATDIUNENYBY PMA-D-Phe (15 uM), protein (15 uM) 1oz CoHA (1 mM)
Tutivlirles 50 mM Tris-HCL, pH 7.0 uasenIazalonauiivia probe 130 CoHA luaniig

RN (controls) uz’i’aﬁmﬁmﬂumﬁ'wm?m monochromator (PTI model 1010; 120 W) i



ANUBIAAY 342 nm Tugaeiing InSuganduuas uaseseSoumsazaenaud lifnsae
(14 (dark control) e un1sfSouifion Taomsnaasatanuariiluiesii
Py Thasazaiefanuafimunsnsuaaasmsazaton 14 lunsnSouiionin
smuihazaneauts drunses Speedvac tdhlazaely loading buffer 24 pl) i
1lsznaudie SDS (7 % wiv), glycerol (4% w/v), Tris (50 mM, pH 6.8), mercaptoethanol (2 %
v/v), 1182 Bromophenol blue (0.01 % w/v) i lgusiunm 3 wi udasaiunuendas
aszua i 1lae3s sSDS-PAGE™ Tauld 12% polyacrylamide gel d115Y lysozyme waeld 8%
polyacrylamide gel §m3 BSA 1¥nszua Wil 60 Taad 43y stacking gel uag 110 Taad
ATV separating gel AMONTINTLUEN Tﬂiaugﬂﬁﬂﬂ stain A8 staining solution (0.2% (w/v)
Coomassie blue R-250 114 25% isopropanol, 10% acetic acid) 4ag¥1N3 destain 1nold 10%

Acetic acid

MNTENS transfer /1 InaR 1@0nmsdarii Taoms wansfer 1wl Induy get T
&9 PVDF membrane 1a875 blotting Taoly semi-dry system L‘éuﬁmmmsm gel ﬁ"l@’]’phu
nszua lhuiveiimsuonin) Inauds (aeludesdon gel) iy CAPS buffer, pH 10.5
Furan 10-15 119 111 PYDE membrane 1ugu 100% methanol 1uidat 5-10 Junit udava
v lusly CAPS buffer, pH 10.5 Hluaan 10-15 Wi TR gel 11a% PVDF membrane
Usenuthdofuly semi-dry system (BIORAD) tazdafu power supply laolavimisyfu
nszue Itz fllums wanster ol transfer iRaduathsiilszAninmgaqa
Fe'ldvmInaanslding 0.5-1.5 ¥ lua

111 PVDF membrane ﬁ'"l@’\'ﬁwms transfer Tﬂﬁauué’am stain 114 Coomassie blue R-250
(0.1%) frazannly methanol (45%) / acetic acid (10%) Hunanlszinm 2 Wil (MTesuriiy
band) 113299117 PVDF membrane Tl destain Iﬂﬂi% methanol (45%) / acetic acid (10%)
dszanns 5 1 i uda8ed19 PVDE membrane #2301 1ndu 1ms@a band vounl) Inan lduy
PVDF membrane ua”a’d’q band ﬁ"[ﬁ"lﬂé}’q Midwest Analytical, Inc., USA Lﬁa‘ﬁmnmﬁﬁn

nsaozi Tuse 11

=< . i ‘:d < A a o A d'lrl y

WNEWMe : NsANET chiral recognition HlumsAnYINIANDINLAUMIANLUOILT A

v 4 aw a & < o 9 a a Ha

Nnuwld  FaluwmanSiuduzdumsfnndnuus laseadiwodlilstunsauinail
s o L= a o 4 (Y . A K

matuvesey LT sy uaziamsdadiulasldnanmsnia Molecular modeling IWBANY1

s a @ v A ya o Y o
nalnvosmsiuuagdaldsaumolduassandihleomn UV) waifinsnndidoldnaasain

av ¥ A Hq ¥ o . an YR
fni']‘ﬁﬂllaﬁllﬁzT‘“UQﬂﬁiiﬂiulﬁ?JQ‘;UEN software 'Vlal‘lf FAUNINTT interpret HOANITNADDIN L4 QN
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= o P b4 . .. a a & Y o @ o A

UNIMMIANYIMAIY  chiral recognition WMAN e lAKINIsFuasizd luanalnaife
P . as o ) dyo s 1

PMA-D-Phe Wi enantiomer il PMA-L-Phe tazwaiifuiiimelann luvaziimdseglu

' 4 ~a o a
¥MINNITIUSINT YNNI U TATUIUINA

3. msanumlnsemlasly NMR

NMR spectrum 1491n NMR spectrometer (300 MHz, Bruker) Taorin NMR spectrum YBY
asaza1wllsiu (lysozyme) tazvosarsazaonanllsau uaz probe 1 deuterium oxide
(D,0) n301U Phosphate buffer, pH 7.0 (nsonly D,0) nufsuisy 1ARaINAT chemical
shift weansnezdi TuuuTusiufin/douldide probe SufuTilsiy Famsidounlasveam

[ } 4 v
. . a & o - . =
chemical shift MinaYuTa 115015 l1A1IR 1110 binding site U1 T5AUlA
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1. mymaduvesnsasziiluvea/inaiignda
° . P’ ~ @ 3 4 o
91NA15M1 N-terminal sequencing YouU Inafi 1aninnisdans 2 nhlind fie nldInan
= A aan P
i MW 11 kDa uazilInaill MW 3 kDa 91058158113 lysozyme 1ag PMA-L-Phe
1 ol A ' oo
wuh Wi lnafdiauie 11 kDa 9231 sequence Mataodu N 1y KVEGR dunhlInd#idl
L4 [
Y119 3 kDa 323 sequence Matlanedn Nflu VAWRN daiu diedfioufudvunsaeziilu
¥4 lysozyme WU lysozyme QAAAASIAMMUITZNII Trp-108 1Az Val-109 Aduaaaly
Chart 2

Cleavage site

'

H,;N-LysValPheGlyArg ....AlaTrp (108) — Val (109)Ala(Trp)ArgAsn....COOH

Chart2 @94 cleavage pattern U84 lysozyme 1A0f (Trp) A39A MU Trp-112 i lasead1an

d' é s -4 | L) aaa =
gniffounas (modified) 1o 19fiavu lusgnihumaiadfisouniuea

2. P5ANYT Chiral recognition
21 MIANMINSSY  (binding) V81 PMA-D-Phe nulisaulagld  UV-vis
spectrophotometer afSeuMaunuenn1snaneauas PMA-L-Phe
WU Uile PMA-D-Phe $15U BSA i l#ifia red shift Uszana 3 nm veq
Absorption spectrum (gﬂ‘ﬁ 1) (WU red shift Yszanm 2‘nm Y94 Absorption spectrum U9 PMA-
L-Phe/BSA) LLGiLﬁ"r) PMA-D-Phe 311U lysozyme WUIUAA hyperchromism ﬁmmm’mﬁ'u 342

14
nm YodanasuT LRI AR (FDANABINUNANIINANDIVDI PMA-L-Phe/lysozyme)

o1 0.10 :
o . . vinm | ., .
- 2 t =~ 4
008 ° . = .
< 0.06 " o e
, 8 N ‘
0.06 ‘6 78 . | ‘ |
@ 0.04
0041 < \ 0 5 1w 15 20 29
“”\{’ 3
11C, (x10
002 | 0.02 N ¢ (x10)
0 ' , : : 0.00 e
300 320 340 3u0 380 400 300 320 340 360 380
Wavelength (iim) Wavelength (nm)
(A) (B)

31]‘?1 1 Absorption spectrum UBY (A) PMA-D-Phe/BSA Loz (B) PMA-L-Phe/BSA

400
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vinmsAuInIaeld Scatchard equation 1dan binding constant (Ky) 935U PMA-
D-Phe/BSA (V111 4.0£0.3x10° M (K, (PMA-L-Phe/BSA) = 3.8+0.3x10° M"!) 1121 binding
constant 81151 PMA-D-Phe/lysozyme 1A 2.0+0.3x106 M™! (K, (PMA-L-Phe/lysozyme) =

3.3+0.3x10° M) (13199 1)

@1519N 1 A1 binding constant Y89 PMA-D-Phe t1ag PMA-L-Phe (103UAU BSA itaz

lysozyme
Probe/Protein PMA-D-Phe PMA-L-Phe PMA-D-Phe PMA-L-Phe
/lysozyme /lysozyme /BSA /BSA
-1 6 5 6 3
Ky, (M) 20x 10 33x10 40x10 3.8x 10

2.2 M3ANIMSELTINITAIENAS (luorescence quenching)
MIANYINIHAAD fluorescence YDI PMA-D-Phe (0.7 M) vz duogiulisau (o-
10 M) WU lysozyme SufansMBiIues PMA-D-Phe 1o0u1n luvaziiiiodu BSA ad
11luansazais PMA-D-Phe W31 fluorescence intensity QQﬂd;’u 1azHNISNG red shift 1 nm

(Ui 2)

70

BN
o))

60 14 - iy o

1.2

Mo

50 - 6

40

1 08 T ;
30 0 4 8 12

Fluorescence

20 . [BSA] (+M)

10 1

365 385 405 425 445 465 485

Wavelength (nm)

gll"?l 2 Fluorescence spectrum ¥93 PMA-D-Phe 10123 BSA (1) uaziimsifiy BSA 2 UM
(2),4 UM (3), 6 uM (4), 8 pM (5) t1ag 10 pM (6) MwanuanIns WLy Vo vs [BSA] Tay
# Io = fluorescence intensity U839 PMA-D-Phe 10 13T BSA uag I = fluorescence intensity U89

PMA-D-Phe tiio3l BSA
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é = s o = 9 ci
PFINANITANYIN fluorescence 11-.!ﬂ'l§%UﬂUIﬂiﬂuqﬂLLﬁﬂﬁiuﬂﬁNﬂ 2

A15199 2 uaaswamsiaounilasuns fluorescence intensity U89 probe 1303UAL BSA az

lysozyme
Enantiomer Probetlysozyme Probe+BSA
PMA-D-Phe Weak quenching Intensity enhancing
PMA-L-Phe Weak quenching Intensity enhancing

I TRTIN, T TYSETA PRI probe 10gl¥ hexamine cobalt(Il)chloride
(CoHA) Fudaiuda (quencher) Lﬁa@,mmmmsmm CoHA lun 319189 PMA-Phe waugdy
fullsau Taedsudunnueinsoves CoHA Tumsidide PMA-Phe dass luivines wun
sz AnEamvasnstudamsnouaaiie PMA-D-Phe 31 BSA 130 lysozyme Tf1iaend

999 PMA-D-Phe 8asz Taga1 K, Nfwaa lduaasluasien 3

A13190 3 A1 K& @131 free probe, probe/lysozyme 11a% probe/BSA

Enantiomer Free probe o) Probe+lysozyme M) | Probe+BSA (M)
PMA-D-Phe 2.31x 10’ 0.72x 10’ 0.15x 10’
PMA-L-Phe 1.28x 10° 0.79 x 10 Intensity enhancing

2.3 msanumsaaldsfulaald PMA-D-Phe sf3oumiaufunisly PMA-L-Phe
INHANIINAABINYIT PMA-D-Phe @A lysozyme Aaoisz@nsnmngaaumoiduna
MINAABIYDY PMA-L-Phe HazonMsvmidwunsnoziily msdmtanduvuudeidy fo

211719 Trp-108 1182 Val-109 (Chart 2)

3. msanulgnamnlaaly NMR

NMR spectrum @210 NMR spectrometer (300 MHz, Bruker) Tagyil NMR spectrum YD
1502070 1.75 UM lysozyme HAZUDINTALABHAUYDI 1.78 uM lysozyme LE probe Tu
deuterium oxide (D,0) MuY3ouNEY 1ABAINAT chemical shift voansnezii TuuuTdshud
Lﬂ?;au"lﬂgﬁa probe unuTdsAu wuniinms shift o4 peak "7] 7.80 ppm (spectrum a19) 1ds
7.90 ppm (spectrum UU) °§Q peak ﬁﬁnmﬁaf}‘maﬁn Asp 52 4D lysozyme27 wazlinsg split YD

o & @ =
peak 1 7.55 ppm FIATINY peak YD Trp 123 (gﬂ‘ﬂ 3)



Trp 123
lysozyme 1.78 mM + 50 pM PMA-Phe '

shift (Asp 52) \J

l

4

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 ppr

_'
-

10.5 10.0 9.5, 9.0 BIN5 8.0 i 5 7.0 6.5 ppr

gﬂﬁ 3 UMY chemical shifts Y93 NMR spectrum 1#olin139UvY09 PMA-Phe A1 lysozyme



16

agiuazanilae

Nan13NNao



17

9

nnmsnyImsaallsiulaeld PMA-L-Phe (Finy NH, ogitlarovesTuaga) i
probe Tauiiny lwsudiuTmanaiivimdhifunas (A = 342 om Tugaeanueindu 300-
1 o 9 a A =2 d‘ d‘ o d'
400 nm) WU lysozyme gRAaRullsz@ntnmngegada 57% (15190 4) Wohnsniouaai
ANVBINAY 342 nm 1Ufaasazaonanves PMA-L-Phe (15 puM) + lysozyme (15 puM) +
[ 4 1
CoHA (1 mM) Tasnmsdaldsaulimusanavulddnamsailadmtimsonanas u
= o Qs 9/ =1 a a o 4 & d'
vauzRenu Miaa BSA laold PMA-L-Phe szfidszaninmlumsaatiooinn (<5%) suile
= ) 9) o & = ] b 1
(NouAUNIS 1Y Py-L-Phe 11U probe (¥3 Py-L-Phe 11y COOH ogntlarwvasluana) wuiinis
#n lysozyme Haz BSA sziidszd@ninmlunmsdaniaiu (35% waz 21% awddy) uansld
=1 o a (] fo A [ (Y a 3
Wiutannuddguomyladduiitatevesluanaves probe Tumsiunazdnlilsiu Fuilu
A o 2 = ¥ d & o da 4 o
mstudumsanymnadnlasalal  lesuaashimudsanuuanaeiinevuvesmnaiy
(UV, FL 4ag CD) LagmMAINM3s3U (binding constant) 3814 PMA-L-Phe 11a¢ Py-L-Phe lu

=& a a =%
msanyImsIunu Tusau

MMN4  LUEA3 % yield ¥o1115Aui lAnnmsdna

Probe Protein Time of irradiation %Yield
(min)
Py-L-Phe BSA 20 21
Lysozyme 10 35
PMA-L-Phe BSA 20 <5
Lysozyme 10 57

vt o A w A ' = ' o o Vet A
usoielsfam mstudunezivendsanuuandalunisdalusauldangadions
o @ a 4 @ o @ =Y ot
widsunsaezi Tluveat)inanldninmsda  snmsmidrduniaozii TuvosaenlInan

v

nFANNUABAIY N (N-terminal sequencing) WUIN3AA lysozyme MATUITMIN Tip-108
£ 4 o A v Ay Y aaa T a a ar
uaz val-109 FuiludwmiaRoanunldnnilfisoives Py-L-Phe untlszdninmlunisan
TsaunnUn3e1vues PMA-L-Phe 1tag PMA-D-Phe 92840 319101/0A561404 Py-L-Phe 110
P [~ 1 ) = § 2 Y ¥
Faortlu11/1d91 N33V PMA-L-Phe 1tag PMA-D-Phe U lysozyme %3 binding site 88

TuuSui CoHA T atnae laAn (greater accessibility)
91NM3ANHI chiral recognition Y84 111aRA PMA-L-Phe 118¢ PMA-D-Phe Tumidunu
= ¥y a A s 3
Tshn  uandddifiufennudifgues  asymmetic  center 11 lnianavesvisraslums

o aasy s A A . 1 o o aay 1
welfisoiuTusiu Faeindeyaves binding constant WUINMIAAYFATEN521I19 PMA-D-
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Phe/BSA Hiilsz@nSniminnniin1sinial§ie15enile PMA-L-Phe/BSA 9 10 i1 1azng
1AA1lRNT815811719 PMA-D-Phe/lysozyme N1l @nSnmuinniimisifiad §ise1senie PMA-

L-Phe/lysozyme 09611

& U o - Y] - 4 4
duinmsanldsau (lysozyme) 1asld PMA-L-Phe 182 PMA-D-Phe 3AavUN

P=) [ =

o ] a o = [ v =
AumaReaiu uazlyse@ninmlndinosdu udaindeyama spectroscopy termalviiiuia

s

v
ANEAYYYDN chiral center 11 Tanaval probe TumsidensunulisAuvesluananiaes

a

- g 5 @
ilu enantiomer AU
Y a = .
1N9BYaNI NMR spectroscopy wumsinamsasuuilaives chemical shift ¥09

Trp 123 1Az Asp 52 Y91 lysozyme uaaalfifiudannudnlyl1d31 Tuianaves probe 819ifa

(4

ar LY ~ = d' Y a [ o=\ 3 dy A Yaow v Y =
mssuiuldsauluusnunladfsidunsaezi Tusae il waz luwnzididoddosdnu
E4 ¥
=

na lnveslfisere hlieldidnledenmsdunazda TsAuve s Tuanamaril 1daoeiu
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