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CN- O HIZIE Konig SR &4 T b, Koénig Siix, ~a 7 AbFIC LY CN%
NEF AT T BB, AR LTea S T LY U ERISSE TV Z 2
VTINVTE REERTARIGE, ZOCTATE RCHHINE AL TILTF b ROBEMEA
FLUEHDLVET IV EEMHE L CaBEERT HIRIEEV D (Fig. 1), pigO a
BEEITIE, REK !, WHEESERT N v A2, 7uT I TERAWSNLA, Bk
RHEAFOLZEMEN L7 m T I T ZH0DZ ERZ0. fieawl3EiclL, ey —u
fg, 3-AF)L-1-7 = =)L-5-'F 1, 24V Raxo® /U, 256500 DF
EREHTE D 3. VT UEROTEDITIERHT 3- AT N-1-T =5 BT arEHND
TENRZ VY VBT Y r kT, ABICBITAKEKUIIRTNT 4 —F—
HHy 7 U REERTHAAEBEICHEA STV 45, 728, Konig SKtE CNLISMZ &3
B CTHHHELT T (CNCY), FHTT VA A (SCN) KOk L ) o7 VA 4
(SeCN") IZHHEHATE, ZNHLDEREICHBHWNLIL TN D.

faaadRio v ey — i d AW =54, AT 2 A1 583 nm T ISR K & ¢, >
3. REAOFHEEF R T OGFEICER L, 607nm (HITICHEMKE SO & & L
L7- (Fig. 2) ¢ & 51T, ZO@WNMAROAERSLE HPLC /A5 5 Z & T, CN,
SCN-K T* SeCN-D 4y + i E LD LT & 72 78

Oxidant Pyridine o o 2RH
@CN — " s CNX y_» 2 A 2
S R R
X=Cl, Br H H
’ Glutaconic aldehyde Chromogen

Fig. 1. Reaction flow of the Konig reaction.



e) Chloramine T Pyridine 0 O

CN » CNCI > J]\/\/U\
H Z H

Barbituric acid

0)'\” o (0 H/J%o

Fluorescent compound
Ex. 583 nm, Em. 607 nm

Fig. 2. Reaction flow of the Konig reaction using chloramine T and barbituric acid.

[HIRRE AT L EAFZEE TIX 2 E TS, 2O Konig s Z FAWZHR A k4 A HPLC 4
VY, BRI MR & v o T AR CNY, SCN- KRN SeCN-D 3 24T - T &
7o, TOR, ZhbA A HETIIARWERMEY — 7 N SN (Fig.3) 8. 7 JBED 1
SOTHD Gly If, WHIERBRSLI/ 2T I TS a LA I Y CNBERT D Z &n
M5 TS (Fig.4) °. Ak Konig GO 1 BEFEHIZH 725 7 v ULKETGly 287 v 7
SUTIZEY CNIZHOfR S, i SHUCTA U7 CN2S Konig BUGZ K v i shiz L&z
bz, FEE, Gly & LiROHRICHT 5 & v —2 i Sh, KHEE— 27 OEHNE &
—# L7 (Fig.5).
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Fig. 3. Unknown peaks observed in biological samples analyzed by the Konig reaction. (A) Human
whole blood from a healthy volunteer and (B) HEK293 cells exposed to selenite. Red asterisks indicate

unknown peaks.
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Fig. 4. Speculated reaction mechanism the reaction producing cyanide from glycine by a chlorinating

reagent.
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Fig. 5. Comparison of chromatograms between human whole blood from a healthy volunteer and

glycine standard solution.



IR 7R 0T s & LT, B EOHTE, R FRE R OO HIER —RIZ 5T b,
X< HPLC LfABLETHVWLNS. LvL, EEOVEITER B KRR O 2D 0
FANEMTH D Z &0, REZMEFFTH72OIHEIO A T ANRNER L, 825547
BEEIEE 2V, BREERR AL, LR COSE R Z TRk b A E R L TLE D
LG, fhx b B EETAERREA~OOITICE A L7, BB AW & SR E O
SYBENNEEC /20 5 5. —JF, ERIEIIREOR T ZITEEOWECIEET 5. £,
YRRACHBRMCIE 21T 5 2 &2 80 BRUEE~OIEIRMER M E3 5. 61, ikt
AL B DENFHFEM LSS E R A M T A (Fig. 6) TITH Z L2k v, sUEFAR S fE
2720, o Er~ Y v 7 ADORBEEZITIC K HEEO RV AITA 5. RA NI T
Lt HPLC ETIE, B DOHERF O 72 OITE BEOMED K 9 RBEEI O X T F 0 A & a3
L L7gw,

AR TIZZ m T I TIZEDAEBHERME D CN~D g L 2l i< Konig K
S B L, ARHCSRWE O @R E Tk OB 27 (Fig. 7).
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Fig. 6. Schematic diagram of HPLC with post-column derivatization.
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Fig. 7. The concept of this research.



%13 Konig St O R AL ORRE

Konig SOt D i HEFH 2 LR T 5 72, ARFE T Gly IS O7T X 7 Bz x5 Konig
J i D3 AT 2512 TR

1-1. 5k
AT A THIROERRS XX HPLC 7' L— RO b O Z s U L=, /Kid Merck
D Milli-Q ¥ A7 MM X V5L 7K Z V-,

Uy LY — LB DRELAR
KEBRTHNZEY D0« 2L E Y — VBBIEIKIE, 1.5% (W) 7SV B —LEE, 15% (vIv)
Uy, 3% (viv) IRERROIRG KR E L.

HPLC £t

HPLC ¥ A7 MBS HERERT O LC-20 ¥V — X% /= (Fig. 6). 71 7 A% Scherzo SM-
C18 X% SW-C18 (\\ T4 h 3 um, 150 x 4.6 mm id., 1 > ¥ 7 Mb)Z VY, BEIHEIX 75 mM
FERSFEENR (pH 5.0) (Scherzo SM-C18 fEIRF) i% 100 mM FERSFEENR (pH 5.0)/ A &% / —
JV (88/12,v/v) (Scherzo SW-C18 i i), Z Dyl 0.5mL/min & L7=. 7 v/ LRSI 1
BHORA MR ZICE D ERENTZ 0.03% (W) 717 22 T KRIFIZE D 80°CIZHERE
LicA—7 v NORIGEaA L (3,000x0.5mmid.) TITV, SEWE~OFEMRLIL2 5 H
DRA IR ALV ERENTZEY) D0 - NV EY — LEBRIEIRIC L D BIE TORG A
b (15,000x0.5mmid.) TiTo72. ZHHKRA MR Y TRIEOFHIZZ L4 0.1 mL/min
E L7z BHEROBIE R 583 nm, H#OEHE R 1T 607 nm (ZERE LT-.

1-2. fERROEE

BN EERERT H 2007 I JEO S, Gly LISV CTiX Ser, Thr, Tyr, His, Trp 2%
Konig SOGMZ K W iR T&E 5 Z & 23rhr - 72 (Fig.8). Ser, Thr, Tyr, His, Trp (22T CN-
~OHEEIRENE A Fig. 9 1T . ThaEx s & CNIWHRT 57201, 7 7 H o
T AER OO T a b U BBEE L CTE S NN-U7 a a7 X U VIA A, IS
BT 2 & FREFCT X/ ZETHEA L QW AR CX 5 L5 s b OUERH 5
BB, TP 5, Gly, Ser, Thr, Tyr, His, Trp (ZDOWTIEZED L H2EFD
FinzE ZENTEDN, TRUNDOT 2 JEETIEES ZENTERV. 20O X5 72E
2% Kénig FUGMZ X DM AT ZRESITH D EE X HZ. F72, His X Trp (2O T
I T 2 BRI AR L < BRHIRE DS E D o 72, CN SO RIS LRI OB~ &



7a R UNERFACITHEALTEY, 78730 TICXo THEHERFICERSINS 5. &
FRFTIEI 7o b DX )T CER2NWZ ENDL RO N ) H—22 53 (Fig. 10), =
DS DA D Konig FUSIZF 1T 5 His 2 Trp OHEER T ORIK L /2> Tnd EE X
bz,
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Fig. 8. Fluorescence detection of various amino acids by the Konig reaction. (A) 5 uM Ser, (B) 5 uM

Thr, (C) 5 uM Tyr, (D) 50 uM His, and (E) 50 uM Trp. (A—C) Column: Scherzo SM-C18. (D, E)
Column: Scherzo SW-C18.
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Fig. 9. Speculated reaction mechanism the reaction producing cyanide from various amino acids by a

chlorinating reagent. (A) Ser and Thr, (B) Tyr, (C) His, and (D) Trp.
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FE2E FAIUHGIT~DIGH

KX (DA) IIMHRBEWED 1 DTH Y, AERNTIE L- F/3%25 LT Tyr M HARK
FTHNTA—AT IO 1FTHS. Tyr 0 L- B/ UCEIRT 2 ROSIEMEF e v e R
XU T —E0E L, DA FEAOHAEREM L 7> T 25 10 DA ITPREE, Bk, FohE, Edh
FEOEMIGENIZEI G- L, DA EFEMERGE I~ R B OIRK & 720 5 5 1 21X, DA R
RIIAR—=F Y e &L, VAFR YT, MH, RESOEREZ T 2. ALz
DA ZAfi 9720, L- RN —=F 0V APROERIEE LTHWHN D, £72, DA REIED
OIFFIE~DBIG HRIB SN TN D B KT, 1872 DA 1 G R FAE O B e o A
LEh, ERRLR AL EEZ T

DA {EEiME = = — v v OABENEESC LRRIC T2 X ) 72 DA fEEE = = —n v OB 535
DINDEBORRMEAD T2, in vivo DFEERIZINZ in vitro DFEERNVLETH Y, HfEH
DDA ZEMICERTE D FRENLETHD. ZHE TITH L4 72 DA ERIENRE STV
D, % < AZMECHAET O DA EREZBME LIZbDOTH D 55, invirro O EBRICTITRGE
ARETANTICANY T — R SN FERLETH LN, BED E ZAMA OEME HO 2 ER
LR L 20 ROV LC-MS IE T S iE SN TNWAH DA TH 5.

Z ZTARETIE, DA LHLOHEZ > Tyr 28 Konig FOGIC L W H S5 Z L IcHkES
&, Konig fs % FVT X0 fiE )2 S EE 2 /e DA 43 Hris D BR%E 2 ek A 7.

2-1. ik
S

AEIT A THIROFHHR S, HPLC XL LC-MS 7' L— RO & D& @I A L=, K
I Merck O Milli-Q ¥ AT A1 & 0 £ 5 AL 7= KRk %8 L 7=

U e L EY — UERIRIR DFEER
-1 CFE L.

WL R OV A7 RV D EUS

100 uL @ 100 uM DA & %\ Md CN7ZKIEHE % 400 pL @ 200 mM OFEREFZEH#E (pH 5.0) &
BAEL, S5HI2100uL @ 0.03% (w/v) 7 17 > T KEKRZ M2, 80°CT 10 43St &+
7o ROSBITK E TS RmHEAIL7=0b, 100uL OB Y P2 - L EY — VBRI 2 I %,
SR T 10 s S 72, BUSIKR DI e Vgt A7 k)L % SpectraMax iD3 ~ A 7 u >
L — bk U—%— (Molecular Devices f1:) (Z &V Etf5 L 7-.
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WHE LN T Vo RS PR DR
bk D FIEIC L0 &SN E SRS & N v RO &2 LC-MS (Zfik L 7=,
Z DOEED LC-MS 541X Table 1 (2”7,

CN-& T CNCI OfiH

100 uL @ 1 mM DA /KIA#E % 400 uL @ 200 mM OFFERFEENR (pHS5.0) EiRAGL, X512
100 uL @ 0.03% (w/v) 7 17 2 > T KB Z M %, 80°CT 10 /MG SH72. UG ITK
ETSHBmBHAI LIz, KGR4A HPLC 2t L7z, 2 OFED HPLC S iZam = ICfesr L
7o & V2 8.

HPLC /%
HEERERIT 1-1 127 T, 4 7 L0% Scherzo SM-C18 (3 um, 150 x 4.6 mm i.d., A > % 7 hth)
RV, BEiEIT 200 mM FERERRFEHK (pH 5.0)/ A &% 7 —/v (95/5,vIv)& LTz,

L%
BN LD AF L7277 v MataiilalEm s PC12 fifg %, 10% v~ IfiLiF (BioWest
) RON5% v RIEIMTE (Biosera 1) Z&Eie X Ny ok — 7 VEM (L7 4L

LR 2 VY, 5% CO,, 37°C DS T TR L=,

AN ST

Ty M2 200 L D 1% (W) 5- AR Y FUEE (5-SSA) KIFREZRIML, &5
WCARNVT v 7 AIFH—IC X VIR ZINZ 52 & CHIlRZmAE LTz, 2 ORI %
10,000 x g T 5yl OB L, EEZALZ02um DAL T T 7 4V H—TAhHiE LT,
HIRITARXIT 0.5% (wiv) 5-SSA THAR L, HPLC 1Tt 250k & LTz,

IHTEANY T =3 v

0.5% (W/v) 5-SSA THiHl L 7= DA ¥4 (0.025-10 uM) Z 7 EA LI EMR %155 Z & T, LOD,
LOQ K ONE 2 #FAfi L7=. LOD & ONLOQ 1F, HIREE (0.025uM) ([Z81) 5 v —7 [Hifl
DOFEHER A R EROMEE THRUMEIC 33 KV 10 2R/ UIZEE Lie. OVTHANOERE
R OEEE, 1.0 x 108480 PC12 M2 2.5, 5, 10 yM D DA & A4 7 L, T 5D DA
EREL VRO, SHTHEA OB R OREEIL, 2 bE—3% 70 DA% 3 AME
BT LIck R LI EORFHIARRE 5 3 >fT- 72,

L- B/ iR iE FE R
PCR2 iAo —~F v a—h6 7z L—MI1.0x 1088,/ 7 =)L b 705 K95 ICHkfE
LB CEESEZDOD, L-K23Z 100 uM & 725 X 5 ICEEHIC RN L C 3 REfE & L
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72, A 025% KV U -EDTA Wik 2 W TN L7z, ARFEBRIT 3 B KL T{T-
7=,

CNH 2 F2BR

PCI2 A a5 —4r a—hk 75em> 7T A2 1.2x LOSEIERE L, 38X % 90%D a7
WL =B ETHERLZOL, CNZ 100 XL 250 uM & 722 X 5 I L C
24 REfEIRG AR L7, ON- O Z B S To I, IMNEIX 7 7 A 20X v v 72 L TH#E L 7=,
HIFEIE 025% KU 7 U -EDTA iR E H W TR L7, ARSEERIT 3 [\l IE L TiT- 7z,

LC-MS ¥k & D g
CNIREERICCTH LN EF—D b D% LC-MS IZf: L7z, Z DFED LC-MS k1%
Table 2 |Z/R7".

AN GO

L- N BREEEBRIZIS T DA DA EO#IE Welch @ ¢ REIC L VAT -7, CNHRERE
BRIZIS U HAIIEN DA BEO L Tukey BREIZ L VIT-72. DA E&EED LC-MS k& Dk
1% Pearson OFHBATIC L VITHo72. T30 OFEFHAENTIEL IMP Pro 1620 Y7 h U7 =7

(JMP Statistical Discovery £f) % H\W\Ti7-7=.
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Table 1. Parameters for LC-MS analysis for the detection of the derivatized compound and

intermediate of the derivatization of DA.

LC condition

Equipment

Column

Mobile phase

Injection vol.

UFLC LC-20 Series (Shimadzu)

Scherzo SM-C18 (3 pm, 150 x 2.0 mm i.d.), temp.: 40°C

(A) 0.1% (v/v) acetic acid in water
(B) 0.1% (v/v) acetic acid in acetonitrile
5-50%B (0-10 min), 50%B (10-20 min), 5%B (20-30 min)

Flow rate: 0.2 mL/min

5uL

MS condition

Equipment
Mode

Ion source gas
Curtain gas
CAD gas
Heater temp.

Spray voltage

Declustering
potential

Collision energy

X500R QTOF system (AB Sciex LLC)
TOFMS

1: 60 psi, 2: 60 psi

30 psi

7 au.

400°C

-4,500 V (for derivatized compound) or 5,500 V (for intermediate)

-80V (for derivatized compound) or 80 V (for intermediate)

-5 V (for derivatized compound) or 5 V (for intermediate)
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Table 2. Parameters for LC-MS analysis for the quantification of DA.

LC condition

Equipment

Column

Mobile phase

Injection vol.

UFLC LC-20 Series

Scherzo SS-C18 (3 um, 100 x 2.0 mm i.d.), temp.: 40°C

(A) water/formic acid/methanol (65/0.5/35, by volume)
(B) 100 mM ammonium formate/methanol (60/40, by volume)
20-100%B (0-10 min), 100%B (10—15 min), 20%B (15-25 min)

Flow rate: 0.2 mL/min

2 uL

MS condition

Equipment
Mode

Ion source gas
Curtain gas
CAD gas
Heater temp.

Spray voltage

Declustering

potential

Collision energy

XS500R QTOF system
TOFMS

1: 60 psi, 2: 60 psi

30 psi

7 au.

400°C

5,500V

100 V

5V
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2-2. RERROEZR
Koénig S K% DA Ot

F£7°, DA 2 Konig SUSZ KX VR ARETH L MMREELTZ. DA77 I T KUY
UDr e VB — VERTRIR & BOG S® T2 & IR LN AE ORI L AR b L
DR LUK E L, CNOEAE— L7 (Figs. 11Aand 11B). RW\T, DA b4
B LIz EtaFE O E LC-TOFMS # W CRAIZE Z A, CNAE Y DU RUviLeY
—NVERAHEAEH & L THWEERICART 2300EFEO 7w O BEHA L R —0 mz 26
L& hft &7 (Figs. 11Cand 11D). %72, DA L7 0T 2> T OISR D CN O
CNCl B &7 (Fig. 11E). LI EX Y, DA o#eHHIE, 7 v bIsic L% DA ©
CN~DOfiE L, ZHUZ5IZHi< CNO Konig SMZ LD E VI A=A L THDHZ &
ootz (Fig. 11F).

DA @ CN-~D 4y fifHts Dt

DA @ CN-~OHEE /SRR % Fig. 12A [RT. ZOENIE LW O THIUL, CN DI
2 2-E REF T4 AF L2250 7anth Vo AV RDA 7T I TOKE
WO ENDITTTHD. £Z2T,DA L7 T I TORIGHK%Z LC-TOFMS (2t L,
VALEMOT 7 R ATIE m/z (123.0441) THIHA Ao n~ 87T LEiiE+5 &,
Fig. 2BO X 5727 va~ N7 AR5 22 TH2 20O —7 BBl S Lz, ZHu,
2-E RE® o4 AFLr25-v7andh o4 rne ) — A RTHY, 7 Nlo 4-
AFNN2-RF ) ACHERE L2 LICL b0 B2 0N ZNEhoEY—7|Z
DNTYAANRY [L% Fig. 12C IR T. WTHLh m/z123.0440 O & — 7 3@ S iz, @
%12, Fig. 12A 1277 F DA O CN~DO i II 24 Th D B2 b,
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0.14 - 5127
0.12 - A —Gyanide 15 i B —Cyanide
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pe 0.1 x g
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0
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—> CcN ———————>CNCl —> w _— J\ /g
e H H (o) N o (o) N (o)
Dopamine H H

Fluorescent compound
Ex. 583 nm, Em. 607 nm

Konig reaction
Fig. 11. DA also undergoes the Konig reaction. (A) Absorbance and (B) fluorescence emission spectra of the derivatized compound from DA (red line) and
cyanide (blue line). Excitation wavelength was 520 nm. (C) The extract ion chromatogram at m/z 317.0528. (D) The mass spectrum of the peak at 14.2 min.

(E) Chromatogram of cyanide and cyanogen chloride. (F) Reaction scheme of the derivatization of DA.
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Fig. 12. Conversion of DA to cyanide. (A) Proposed reaction mechanism for the decomposition of DA into cyanide and 2-hydroxy-4-methylene-2,5-
cyclohexadin-1-one by chloramine T. (B) The extracted ion chromatogram at m/z 123.0441. (C) Mass spectra of peaks 1 and 2 in Fig. 7B.
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RA b BT LFHEREOE HPLC EIC X 5 DA D&t okt

717 AT Scherzo SM-C18 (3 um, 150 x 4.6 mmi.d.), ZEHAHIZ 200mM FEESFE X (pH 5.0)
S A B ) —I (95/5, by volume)Z H 5 &, DA T 11.8 IR 3 25 Z 3o 7= (Fig.
13). DA Z/K& HVME 0.5% (w/v) 5-SSA Ik TR L T HPLC IZIEA L728A8 T, B —7
TOARIS TR D Z LDy InoTe. FRZ, 5-SSA IR CHB LTG0y vy —7 e —2o R
Bon, U= R/ETFTr— T2 KCRELESA LY bREOH ESfFCcES 2L
PRSI Lieio T, MR~ OIEM Tk 5-SSA IWilE D Z Lic Lz, RS
JUEAMITH DT v MBEMIIER K PCI2 M4 5-SSA WK TR LR bt B
~ N7 T L% Fig 14 TR, REMFT, DA IIMMOIMEY & L 0BT 2 2 LB ahoiz.

A B

Fluorescence intensity
Fluorescence intensity

0 5 10 15 20 0 5 10 15 20
Retention time (min) Retention time (min)

Fig. 13. Effect of solvent on the chromatogram of DA. DA was dissolved in (A) water or (B) 0.5%
(w/v) 5-SSA at a concentration of 5 pM.
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Fig. 14. Typical chromatograms of DA in PC12 cells. (A) Unspiked and (B) spiked with 5 uM DA.
Red arrows indicate the peak of DA.
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IHTENY T =3 v

AT DA 28T L72B D LOD KT LOQ (XZ 14 10.8 nM 2 (X 32.8 nM Th - 7=

(Table 3). LC-MS % HW /= filaN DA &L E L THE STV H LOD KUV LOQ IEZE i1
i 3440M KT 4430M Th o722 &0 b Y, RIEOHFPEEO S TENATWD Z L3y
molo. Fio, AEOERRMEIL 0.05-10 uM OFLPH THER L 72 QREFRER 0.9994) . St HLfAL
OB L O IXZ N2 103.9-106.3%% Y 0.94-4.37%, 53 AT AL OB FE K& O 1%
TN 101.8-103.4% K% TN 1.94-3.76% T~ 7= (Table4). LLEDFEFRND, AL ERE
RFETHY, PORETELIFIETHDL I ERENT.

Table 3. LOD, LOQ, and linearity of the present method.

LOD (nM) LOQ (nM)  Linearity range (uM) Equation R?

10.8 32.8 0.05-10 y=3937031x + 183047 0.9994

Table 4. Accuracy and precision of the present method.

Intra-day assay (n =5) Inter-day assay (n = 15)
] Accuracy Precision Accuracy Precision
Spiked (uM)
(% of target) (%RSD) (% of target) (%RSD)
2.5 104.7 4.37 103.4 3.76
5 106.3 0.94 102.4 2.66
10 103.9 2.21 101.8 1.94
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HEREN DA E & ~DiH

KRIEOIERAE LTET, ERNIZEWT DA HIBEMATH D L- K/SZgEFE L7 PC12 Hiflat
DA DEEAIT>7-& 25, DA OEMEMRT 52 LN T& 7 (Fig. 15). KW T, CN'%
BREE L7= PCI2 Ml DA DEEE{T-o72E 2 A, DA DD Z#ER L7 (Fig. 16). CNIX
TV 7 BOHIFAN~DFRAZHER S DA OHIFESN~D R 2T D = & Nt Sh
TEY B, ZOMEL LTOMBNDABD THL B2 b, LEORRLY, KiEx
Mg Z & THlllaN DA R# 2 TE 5 Z LRSS,

a
J

p = 0.0280

N w £
1 1 1

Dopamine (nmol/mg protein)

o
I

Control + L-dopa

Fig. 15. Effect of L-dopa on intracellular DA levels. PC12 cells were exposed to 0 or 100 uM L-dopa

for 3 h. Data are presented as means + SD (n = 3). Welch’s #-test was performed.

25 -
p < 0.0001
20 - '
p = 0.0003
1
15 - p < 0.0001
1

-
o
1

o
&)
1

Dopamine (nmol/mg protein)

B

Control 100 uM CN 250 uM CN

Fig. 16. Effect of cyanide on intracellular DA levels. PC12 cells were exposed to 0, 100, or 250 uM
CN- for 24 h. Data are presented as means + SD (n = 3). Turkey’s test was performed.
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LC-MS {£ & O Hig
ATTEIZ BV C CN &2 B % L 7= PCI2 g DA OE &%, LC-MS # VT Hir-72. =D
BHEEAAECL b0 L Bife—%%Z /R LT (Fig. 17). ZOFRERKLONRY F— g Ui
REBEZ, RECIDERMEIIXYTHLZ EBNRINT.

N
o

y =0.9475x + 0.6186
r=10.9958, p < 0.0001

A
;]
L

Dopamine conc. (LC-MS, uM)
o o
L ]

0 T T T 1
0 5 10 15 20

Dopamine conc. (Kénig, uM)
Fig. 17. Correlation between DA concentration quantified by the present method and that by the LC-
MS method. DA concentration in the same sample was quantified by the Konig method (x-axis) and

the LC-MS method (y-axis). Pearson’s correlation analysis was performed.

s Ta—L7 I OBt

ARNICBIT 5 EE /R DT a2—/LT 2 X DA DIENZ, L-K2%, NE KONEP 31,
INBIEFAT Tyr R E LT, Tyr, L- K73, DA, NE, EP DJEIZEM E 5. Tyr LN DA
1% Kénig UL THRIHATRETH D, T b3 THEMELZ 22 LD, L- K%, NE LK
EP % Konig St CHIEHFTRENN & 9 ili~_7=. & THREATRETH - 7248, EP 1T L- R/SK O
NE & U CE LS RENME )~ 7= (Fig. 18). 2, EP LIAMI 1 #RT 2 > THDHDIC
ﬂbImi2ﬂ7¢yf%é’&ﬁﬁﬁf%ék%z%Mk 972, Fig. 9 <° Fig. 12A
V2R L D2 Konig UGS TR SNDT2OIZIET 2 2 KO 7 a VEDBKETH D)3, 2k
72 /@EPTi%®/7E»M27/7ﬁ%ﬁLOEP LTk, FhCsEHE< CN
NEPNEITLIC WD EREZ BT
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Py 2 =
2 2 Norepinephrine 2
3 2 2
= £ £
[0] (0] [0]
(&) o [&]
C C C
[0] [0] [0]
O O O
: : g inephri
5 L-Dopa 5 5 Epinephrine
= = >
T + T T }
0 5 10 15 20 0 5 10 15 20 0 5 10 15
Retention time (min) Retention time (min) Retention time (min)

Fig. 18. Fluorescence detection of L-dopa, NE, and EP using the present method. (A) 5 uM L-dopa, (B) 5 uM NE, and (C) 50 uM EP.
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BIE TNETFE O ~DIEH

TNEF AL Glu, Cys KUNGly 226722 MU _TF KT, HilENIZEBIT58{EA ML
ADRFICEERFZE 2RI LTS, ZVZ T4 o 3iEmic By CEICE TR (GSH)
ELTHEL TS, IGMIEHRH & IR H 2 WIFRERI RS 5 L R (GSSG)
2725, Tz, BERICxd 28 el otk (GSH/GSSG) [FAliEN OB A kL 2D
AR L 72 5. WA b U AITERRCAY A, BEIRIPI, TRERAREE, PRRRAVERR, 181 e
EWV oA IIRBOFRE SNTWNS 2930 F7= PQRHHMEDEED LR~
FRLA R L AICEDHDEEZ LN TND 332, LIz > T, SRR BOFEILEME D
FBEZ MR 5 72 OB O GSH X N GSSG 2 E&T 5 Z LITEHEETHS.

HIFRN O GSH 2 EE 1 0.5-10 mM F2EETdH 5124 L, GSSG #EEE L 5-50 uM 2 & IEH I
D72 < 33, GSH/GSSG % 3K 5 2 OITILmIEREE R OTIEN B L 10 . REBR TNV EZ F A
Y OGHTEIL, 5,5-VF A EAQ2-= b ZEER) (Ellman iX3K) % M2 fiko DTNB
ERHY 3 HROIZNVETF A EES Y MCBAAES s, Ll DINB BIETF 4
—NVEEREHET DI TETHDL LD GSHIZERT HZ LN TE DA, GSSG ITHEETERE
TERWV. LEER-7T, GSSG E&ET 5 7= DITITMIRNICIF/ET 5 GSSG Z it L TRD -
4 GSH 822 bt 4 O GSH fFEEZ GV TRD HMENH Y, JEFH & 72 5. 72, Ellman
RIET I NE T A R TIIRWEZD, REFICEENAMOTF A — L OEBEEZ T D
35, GSH KU GSSG D [RIFFE &i%51%, LC-FLD*, LC-ECD¥ K TFLC-MS3*42 % H\ =4k~ 7¢
FERFEEIN TS, T ETICEHE SN TV 5 LC-FLD #i% GSH & GSSG Thilx O
WKL EAT O 720 2 B ORI E LE L 3 5. LC-ECD LI/ NV # T4 USMNT, fill
DF A —ALBW), BIeHE, 1T a—L7 U E Vo EERULFN SR DO AR
ME LRI T D720, IAVETFH 2D I aBET 2 2 EREE L. LC-MS 15X
HEEARO IR NOMEMR AT T U ARNR 7 LD,

ZTZTARETI, Z VAT AN CERIMIZGly 25, Gly 28 Konig G2 & 0 i &
% Z LITHASE, Konig B2 FHV T &0 f{E D@ EE AN 7 v 2 A L 53 Bk o B
5 B ATz
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3-1. Fik
AERIT A THIROERRS XX HPLC 7' L— RO b O Z s U L=, /KiE Merck
D Milli-Q ¥ A7 AT K VG LI RERK A L.

U e L EY — UERIRIR DFEER
-1 ICFE L.

W OV AT b )V D HAS:

100 uL @ 100 uM GSH, GSSG & %\ T 10 uM CN/KIE{E % 400 pL 0 75 mM O FERE %
R (pH 5.0) ERAL, 5T 100 uL @ 0.03% (w/v) 7 17 2> T KEKZMZ, 80°CT
10 3 REISS S 7. BOSEIZ 100Ul DY P2« 2L EY — VERIRIR 2 Nz, IR T 10 4y
RIS S B 72, RUSHE OWUI S OV e A~ V% SpectraMax iD3 ~1 7w~/ L— K —
A —IZ XA LT,

CNJ2 O CNCI Ot

100 pL. @ 100 uM GSH & % \ M GSSG KIEHE & 400 uL 0 75 mM O FEEEFEEHR (pH 5.0)
EIRAL, 512100l @ 0.03% (wiv) 7 17 2> T AKEKZ N Z, 80°CT 10 4y MM i =
W7o, RISHITOK BT S RImAEAIL72Db, RIS Z HPLC (2 L7z, Z DFEd HPLC £
IR RS L 725 % VT2 8.

HPLC /%
HEERERIT 1-1 1R T, #  L0% Scherzo SM-C18 (3 um, 150 x 4.6 mm i.d., A > % 7 hth)
RV, BERIL 75 mM FERRFEENK (pH 5.0), & O¥itEIX 0.5 mL/min & L7

2-11Z[F L.

AN ST

TRy M2 200 pL @ 1% (W/V) 5-ALARH U FUlE (5-SSA) KRR Z IR LA VT
Y 7 AIFYP—IC I VIREIZMZ 52 & THIRNAZ A L7Z0b, Ok EIZ 10 EEW Tz, 2
DOFMA I 2 10,000 x g, 4°CC 10 s DBt L, EEE2HEEOKTHR L= B AL
045um DAL T T 27 4 L2 —THilL7=.

OHTEANY) T = a

GSH MO GSSG DK R (GSH: 0.05-50 uM, GSSG: 0.05-10 uM) A 1EA LR ERRZ 155
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Z LT, LOD, LOQ M ONEAMEAFHM L7=. LOD KT LOQ I, AAKIEE (0.05uM) 125
F 5 — 7 RO R E A R EROME TRUMEIZ33 KON10 2R LMEE L. B
FE R OEEE I, 1.0 x 10 > PC12 FMHEIZ 40 uM @ GSH & 5 WM 1 &Y 10 uM & GSSG %
ARA 7 L, ZILHO GSH KT GSSG E&EE LV Rd7z. UL EOBFHISARE 5 B4 o17

> 7.

PQ I iEE F2HR

PCI2 #f 25 —A v a—h 6 7=/ 7 L— MI 1.0x 1058, 7 = /L &b X 5 ICHRTE
LW CEHF S EZDD, PQ % 250 H DX 500 uM & 725 L 9 (CHFH-ICHEINL T 24
BEETREEE L7, #AMIE 025% KU 73 L -EDTA ik 2 FIW TR L 7=, ARZEBRIE 3 (Al
LT To 7.

DTNB £ & D Lhiig
PQ BEERBRICCHONIERB ER—DbDE, FAVEFF o ERT Y b (R L)
THHr L.

e & AT

PQ RE EBR I I 1T 2 MAEN GSH/GSSG L [l Tukey #EIZ L V1T -72. GSH E&
> DTNB ¥ & D EL#EIT Pearson OFHRASHTIZ L VAT 72, 26 OFEHEHTIE IMP Pro
1620 Y7 =7 ZHWTITo 7.
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32, FRROVOELE
Kénig SUSMZ L2 7NV Z T4 v Ot

FT, INAZF A0 Konig BUSIZ X VBN ARETd D 2 FEE L 72, GSH &Y GSSG
Z/mI7 IV T ROE Y Vy - SV EY —UBERIR L IS ST & 2GRz oRk
WK AT SV DOTBIRE L ORI KIE, CN- DA & —E L7 (Figs. 19Aand 19B).
F£72, GSH XTNGSSG &7 1T I T OIS CNCL 23 47z (Fig. 19C). CN-I%
B SR o727, CN7D CNCL ~DOZEFTH 2D °, ARk L7z CN- 134T CNCI 1T
rshTLE-meEZONE UELY, ZVFFFrodthitix, 7 u bz &
LITNETFFHDHO CNOERE, ZiUl5&Hi< CN-O Kénig BUNMZ X DM E WS,
DA DBEE LD A =X LTHD Z ENYInoTz.

0.06 4
=)
A ——Cyanide & B ——Cyanide
——GSSG S 3 ——GSSG
x
8005 —GsH 4 —GsH
8 25
3 £
2004 Q
(=
o 11
(5]
3
g
0.03 T T Y V] T T T T T
500 550 600 650 580 600 620 640 660 680 700
Wavelength (nm) Wavelength (nm)
GSH GSSG CNCI
= =
2 £
{ = { =4
3 2
= £
) )
o o
® CNCI 3
o o
(7} w
o H o
o o
= | k= |
i [
0 5 10 15 20 0 5 10 15 20
Retention time (min) Retention time (min)

Fig. 19. Glutathione also undergoes the Konig reaction. (A) Absorbance and (B) fluorescence emission
spectra of the derivatized compound from GSH (red line), GSSG (green line) and cyanide (blue line).
Excitation wavelength was 540 nm. (C) Chromatograms of cyanide and cyanogen chloride obtained
from GSH and GSSG.
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RA BT DFEREE HPLC I X 5 I N B T A L ik tE o gt

71 2T Scherzo SM-C18 (3 um, 150 x 4.6 mm i.d.), BEHHIC 75 mM EEEEFEEE (pH 5.0)
ZHAWDE, GSH X 7.8%), GSSGIE9.9 IR L, AWICEL BT D2 RN oo

(Fig. 20). F7z, PCI2 flilu% 5-SSA FK CH: LG b=/ v~ 27 F L% Fig. 21 1R
. AREMT, GSH KON GSSG 13 5 43T ISR T 5 Gly, Ser X UF Thr % & & 4% sl
ERIFICOEET S Z &byt REMHIZE Y, MENICHOTNICIFEET D GSSG %1
HMT&E22 L6500 (Fig. 21A), Konig SUSHHIIEN GSH D472 53, GSSG DJiE &I
LRFTE S Z RSN,

GSSG

GSH

Fluorescence intensity

0 5 1I0 1I5
Retention time (min)
Fig. 20. Typical chromatogram of GSH and GSSG. The mixture of 5 uM GSH and GSSG aqueous

solution was injected.
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= 2
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| = =
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) o

s GSH B

[O] o

2 2 GSSG
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0 5 10 15 0 5 10 15

Retention time (min) Retention time (min)

Fig. 21. Typical chromatograms of GSH and GSSG in PC12 cells. (A) Unspiked and (B) spiked with
40 uM GSH and 10 pM GSSG.
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OHTEANY) T = a v

AL T GSH OV GSSG % 438 L 72858 LOD X240 6.04 nM }2 1} 9.84 nM TH D,
LOQ IZZNZ1 18.3nM (1 29.8nM T~ 7= (Table5). ZiLH DFERIL DTNB 75K N
HOLC-MS LD bERETH D Z N oT- (Table 6) 3439442 F7- KIEDEMR
PEIX, GSH 1T 0.05-50 uM (JREFR%EL 0.9997), GSSG 1% 0.05-10 uM (PEFREK 0.9992) D
PHCHERR L7c. GSH OEE K OWEE X2 4L 84.8% K% T 3.21%, GSSG DELE K O 1%
ZIEN 96.0-96.5%K% 1) 2.39-2.79% T~ 7= (Table7). LLEDFERMNS, AIEITERE
FETHY, POBHETELIFETHDL Z EW RSN,

Table 5. LOD, LOQ, and linearity of the present method.

LOD LOQ Linearity range )
Compound Equation R?
(nM) (nM) (1M)
GSH 6.04 18.3 0.05-50 y=3070457x + 162156  0.9997
GSSG 9.84 29.8 0.05-10 y=6689536x + 770531 0.9992

Table 6. Comparison of LOQ values of previously reported LC-MS methods.

Reference (method) GSH GSSG
34 (DTNB) 100 nM 100 nM
39 (LC-MS) 1,500 nM 100 nM
41 (LC-MS) 30 ng/mL (= 97.6 nM) 1 ng/mL (= 1.63 nM)
42 (LC-MS) 100 ng/mL (= 325 nM) 100 ng/mL (= 163 nM)

Table 7. Accuracy and precision of the present method (n = 5).

) Accuracy Precision
Compound Spiked (uM)
(% of target) (%RSD)
GSH 40 84.8 3.21
1 96.0 2.79
GSSG
10 96.5 2.39
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HIfN 7 v B2 F- A L St~ D i

AEOISHE LTET, ([MOIEFHIRFE L T PC12 HiEN O GSH KT GSSG 21
ZRDTz. MIROKEREE 1 pL SAE L7254, MIEN GSH 2% 1X 8.77 £ 0.28 mM, GSSG
X 12183 £1324 M (Wb n=5) RO L. GSHIZOWTIHES nzéz]/bé
HIRINIREE Cd o 7223, GSSG IZ oW TIERREmWME L e o7, Zaug, kRS,
R[HFIHFIET HEEFRICL Y GSH B GSSG IZLENTLE-Z LICL Db D EEZ 2L
7. GSSG (X GSH 2k} L CIEFITIFERD D 7220, ba‘fmﬁcg@ GSH Ok T,
GSSG DHMZFHFS L TLE I Z EnEx b,

BT, b A F LA ZERT D PQ ZiREE L7z PC12 MiflicdsiT % GSH & T GSSG &
HEZ{TVY, GSH/GSSG thaRKdi=. ZOfER, PQ OIEFERIZ)L U C GSH/GSSG o %
ez T& (Fig. 22A), AEIFEMEA b L 2A~—H—& LT GSH/GSSG LD E RIS T
XHZENRINT.

F7-, PQIRE L7-fiCRIT 5% GSH BEDOE &%, DINBEEZ AW THITo72. TDOFE
BEIARECL DO L Bifle—E AR L2 (Fig.22B). ZORRLONY F— 3 R
EHEZ, RECEHEREMIIRYTHD Z LR Eniz.

850 p < 0.0001 70 1
| y = 1.0755x - 4.2422
300 | S0 | r=0.9970, p < 0.0001
p < 0.0001 26 3
250 D 5 *
o 5 ]
2 a
¢ 200 I 40
2 15}
T 30 4
% 150 g3
©
o 220
100 3
Q
5 £ 10 -
0 ‘ . . ; . . :
0 10 20 30 40 50 60 70

Control 250 uM PQ 500 pM PQ Measured total GSH (Kénig, uM)

Fig. 22. Determination of intracellular glutathione by the present method. (A) Effect of PQ on
intracellular GSH/GSSG ratio. GSH/GSSG ratios were calculated by quantifying GSH and GSSG in
PC12 cells exposed to 0, 250, or 500 uM PQ for 24 h. Data are presented as means + SD (n = 3).
Turkey’s test was performed. (B) Correlation between total GSH concentration quantified by the
present method and that by the DTNB method. Total GSH concentration in the same sample was
quantified by the Konig method (x-axis) and the DTNB method (y-axis). Pearson’s correlation analysis

was performed.
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FA4E PEERLST~DIGH

PURERMIZEICE b 1gG ZHRE T 50 FIEETH Y, Bin A2 Hil5E 2 H]
WCEREB DR & 72 DR FICRF RIS ST 5 £ 5 ebiik e LTERESh D, 207k
DALZEINZ G AL T E DR TR & TG 2 R 3E <, —RICEMmAEm V. £z,
FFFOln B iz oW e dn EEPIEE 2 o A 42 I 7 — RGO LIER{L L T
TTNDH, NA AT T—3hRMm &ﬁ?bﬁ%f@a_éné&:ﬂﬁaﬁm

OO AR L, THEOREIERZ /MR 2 5 72 DI I3 E & #
HELRD., TOTDIZITTURERE L 2 EMICERT 2 FENLE LR D. fﬁfﬂ%b\fonf
WHEREREE LTE, 280nm OWOCERIELE, U Y FEFEEL N LC-MS/MS 1E23 &
%. 280 nm OWOGLLEEZRIE T 2 FIEIFIFFICEETH 203, HIIFUR~OR R 20,
U By REEATAIL ELISA Z &I LEFENFEICHW O, BHHUERZHUR L LiZRoHik
EHAWCERET D HETHD B4, 207, 280 nm DOWEEHIE I R T m
0, REONY FENKRE LS ERMEBIELOELT VN2 ERHEBESZ LoD & Ry
BEBBRELTLEIRERNE VWS TE RN H D . LC-MS/MS k1%, BHFLEZ NY 7'
YEOTrT 7 —EBTHILL, BRPTURICRERNRZTTF REedr sl — b _XTFRELT
B - EETDHETHD Y. D RIT, HEWITRRNRFIETH 57, LC-MS/MS & H
EREATCH D Z & RBECRERME A MR T DT DIHHMER A VT T RAEET DT &,
S BIZIFRBHHIC AT T 2 HECM O T T RIC L D4 A AbIHlIC X 0 EERTREZ 5
eV RANRDD.

ZZTCARETIE, 2oV es— M7 F REEEOGHEE TIE <@ I il - E&
T D FEOMNL 2R T, BRI, PiEEZFE R 70 THET 522 EI2LD C R
Ul Tyr 2 & D7 F REARC L, £OHCTHPPURIZRERI 72 b O % Konig SOt TR -
ERTE D0RAT. BT AFURICITE Ml b TNF-o HUATHL T XU L~T & HN
7-.

4-1. Hik
K

RO 7T 20 b~ 73 31T PBSIZIEME S 4072 5 mg/mL ¥ D % O % Selleck Chemicals
fEor b AFLEH L. u s — h X7 F K Cys(carboxymethyl)-Ala-Lys-Val-Ser-Tyr
(C(cm)AKVSY)lE Merck #H12 A R & 448 L, TFA H5D & 0 % 98.5% Dl E T ATF LI L7-.
b= 3 7O IHRE 20 mg/0.2 mL O D% AbbVie tE L W AT LAH L7z, & ORI
TR DR SL, HPLC XX LC-MS 7' L— RO b D& FH@IZs CEH L. Kk Merck @
Milli-Q ¥ A7 A L VS ERUK & L7z,
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U e L EY — UERIRIR DFEER
-1 ICFE L.

7 XY L=T D insilico {E{k
THEY LT OT I BREANTMNIATEBUE N EIE S EFRE A ORI HIT T2 2 3
TOOFREREENLHIHALE . THIY ATOXE RN IV AHIZEI DGO
F K@ T #IIZ1X, Swiss Institute of Bioinformatics 73 #& fit 9~ 5 PeptideMass Y — /b
(https://web.expasy.org/peptide_mass/) ZFI|f L7=.

W OV AT b )V D HAS:

100 uL @ 100 uM C(cm)AKVSY (0.1% FEEA/KISURICVAR) X% CNIKIEHK Z 400 uL O
100 mM OFEEFEE#R (pHS5.0) SIEAL, S 5HIZ100uL @ 0.25% (w/iv) 7 v 7 I > T KE
WA Z, 80°CT 10 MG S H 7z, RISHZITIK ETSHmA L0 b, 100uL OB Y
DU LB UIRIRIR AN A, IR T 10 2 AOG S RUSR OWRIN K Ot i A S
7 R)V% SpectraMax iD3 ¥ A 7 17 L— N U —&Z—|Z XV S LT,

CN-& T CNCI OfiH

100 uL @ 100 pM C(cm)AKVSY (0.1% (v/v) FEFE/KIEHIZEAE) % 400 uL @ 100 mM DHE
FeiBfEiR (pH 5.0) EIRAL, &5HIT100 pL D 0.25% (wiv) 7 07 2> T KIEK N Z,
80°C T 10 7y BUi S ¥ 7. RUSZITOK BT 5 MM HA Lo b, RIS Z HPLC 1Tt L7-.
Z DBED HPLC ST = S Hesr L= 5tk 2 = 8.

HPLC £t

HEERERIT 1-1 1R T, # 7 L0% Scherzo SW-C18 (3 um, 150 x 4.6 mm i.d., A > % 7 hth)
R, BEHIZA) 100 mM FEFEFEER (pH 5.0) TNB) A% / — /L Ok L Liz. &l
D 35 53T 12%B ZHERF L, RO 10 53fIE 50%B & LTH 7 APEFEITV, &ED 10 4y
BT 12%B (2R LA 7 LAOF Vb &24T > 7=, BEIFEORHIL 0.5 mL/min Z#FFL7=. 7
272 T OREX0.25% (wiv) & Lz,

AN ST

10 L D7 # U A= TEE T 2 I 7905k A 95°CT S A v Fa~—a L,
PR E S S, £ 0%, 100 L @ 100 mM Tris-HC1 }2 O 10 mM CaCl, % & TefEEiE (pH
8.0) IZIAEfEL, 100mMDTT & AEIEE SmM & 725 X 9122 T 60°CT 20 43fEA > % =
NR—= gL, VALT 4 MEEEZYIRLZ. 512, 100 mM @ TAA % A& 15 mM
ERDEDITIA THERREFTT IS oA v 2X—va L, EMTFA—1L 2 LRV
AF L LTZ. T, 5ul @ 0.5pug/mL FE U 72> (1 mMHCHZERE) 2z, 25°C
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T 2 K AL L7z, {HBIC K 015 5472 ~7"F i Pierce C18 Spin Column (ThermoFisher
Scientific 1h)& W TR L7z, 55177 F NMESWIXEIE T 55°CT 40 4R s+
7o, WIS T TF RIL 50Ul D 0.1% (v/v) BERRKIARIZEEME L, HPLC (23 2508k &
L7-.

IHTENY T =3 v
0.1% FERE/KIEIRIZEAR L= C(cm)AKVSY (0.01-1 uM) Z{EA LBRERZSES Z & T,

LOD XU LOQ Z#Ffi L7=. LOD LK ONLOQ %, HIKEE (0.01 pM) (ZBIT 5 v — 7 HiE
DIEHEAR 725 R EAR OB X TRRUZAEIZ 3.3 KTV 10 ZF U72fiE L7z, C(ecm)AKVSY &
TFA 1% 122 THEEBK T D AL, TOH5TEE 95588 L LCEtH L7z, 77XV A=T
D LOD KONLOQ X7 X U L~T7 D4y {-H% 148,000 & L CHHHE L7-. EAMEIXT XV L~
7RI A PBS(-)THIR L, 5-50ug OHEIPHCHERE L7z, BEIXT ¥ U A~ 7 EHRORNFHX
FUEON-FEMEEMAE T2 2 IV E-. BEER—-T7X ) A~780 3 &
BEH R A LT BR O mFEE D Bk D 7.

4-2. FERROEZR
s — X7 F ROEE

THE) LA~T DT EEES % Fig. 23, insilico LI X WS C RIRIC Tyr 2 60
AT F % Table 8 (T L, HUAIZ LV K72 CDR I TR CTRd 5L —ikiz, e s — L
RTF ROEIDEWVIZERREMEIIM ET 20, TORUWFI T A~ORFENREL 720 A
H D T2 DI IR E DA BIARE 2 395 . Konig MG & W 280 IV i, BEifHo
BRI E DS B EE MR T 22 R L7z (Fig. 24). 207, 725X KE
EDOEIREECIEINTE 5 CDR # 30l E R R I OXTF ROMEM & 705, Table 8 L1,
NRAPY, NSGHIDY KU CAKVSY 2MEHRTF REE X HAL20, Asn 5 Te NRAPY &
Y NSGHIDY 137 2 RMEIZ L W R L ETH D EBMERICEEL 5 2 D leE2 B E L,
CAKVSY ZAREHI BT s — 7T RICERH L7z, B2, Cys OF A — 3k
ANV F T A F AL LT C(em)AKVSY 2 A aHck T o n ' — v _X7FF K& LT
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Light chain:

DIOMTQSPSS
ASTLOSGVPS
GTKVEIKRTV
DNALQSGNSQ
LSSPVTKSEN

Heavy chain:

EVQLVESGGG
ITWNSGHIDY

LSASVGDRVT
RESGSGSGTD
AAPSVFIFPP
ESVTEQDSKD
RGEC

LVOPGRSLRL
ADSVEGRFTI

YLSTASSLDY
KDYFPEPVTV
TYICNVNHKP
PKDTLMISRT
NSTYRVVSVL
QVYTLPPSRD
VLDSDGSFFL
K

WGQGTLVTVS
SWNSGALTSG
SNTKVDKKVE
PEVTCVVVDV
TVLHODWLNG
ELTKNQVSLT
YSKLTVDKSR

ITCRASQGIR

NYLAWYQQKP

FTLTISSLQP
SDEQLKSGTA
STYSLSSTLT

SCAASGFTFD
SRDNAKNSLY
SASTKGPSVF
VHTFPAVLQS
PKSCDKTHTC
SHEDPEVKEN
KEYKCKVSNK
CLVKGFYPSD
WOQGNVESCS

EDVATYYCQR
SVVCLLNNFY
LSKADYEKHK

DYAMHWVRQA
LOMNSLRAED
PLAPSSKSTS
SGLYSLSSVV
PPCPAPELLG
WYVDGVEVHN
ALPAPIEKTI
IAVEWESNGOQ
VMHEALHNHY

GKAPKLLIYA
YNRAPYTFEGQ
PREAKVQWKV
VYACEVTHQG

PGKGLEWVSA
TAVYYCAKVS
GGTAALGCLV
TVPSSSLGTQ
GPSVFLFPPK
AKTKPREEQY
SKAKGQPREP
PENNYKTTPP
TQKSLSLSPG

Fig. 23. Amino acid sequences of adalimumab. Underlines show CDRs.
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Table 8. Putative peptides having C-terminal tyrosine obtained from adalimumab digested with

chymotrypsin. Underlines show sequences overlapping with CDRs.

Position Sequence

From light chain

1-32 DIQMTQESPSSLSASVGDRVTITCRASQGIRNY
149-173 KVDNALQSGNSQESVTEQDSKDSTY
72-86 TLTISSLQPEDVATY

37-49 QQKPGKAPKLLIY

174-186 SLSSTLTLSKADY

187-192 EKHKVY

92-96 NRAPY

88-91 CORY

From heavy chain

324-353 KCKVSNKALPAPIEKTISKAKGQPREPQVY
131-153 PLAPSSKSTSGGTAALGCLVKDY
283-300 VDGVEVHNAKTKPREEQY

185-202 SLSSVVTVPSSSLGTQTY

81-94 LQMNSLRAEDTAVY

428-440 SCSVMHEALHNHY

69-80 TISRDNAKNSLY

175-184 PAVLQSSGLY

386-395 ESNGQPENNY

102-110 LSTASSLDY

54-60 NSGHIDY

318-323 LNGKEY

96-101 CAKVSY

301-304 NSTY

30-32 DDY

410411 LY
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Peak area (x107)
= o S

a
1

0% 50%
MeOH

Fig. 24. Effect of organic solvent on the detection sensitivity. Ten micromolar of Gly-Thr-Trp-Tyr was
injected into the flow injection system whose mobile phase was 50 mM acetate buffer (pH 5.0) only

or acetate buffer containing 50% methanol (MeOH). Data are represented as means + SD (n = 3).
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Koénig FUGIZ K% C(em)AKVSY Dt
9, s — FXFF K C(em)AKVSY 7% Konig ST £ 0 BHASFTEE Td D M RE L
72. C(cm)AKVSY 27 1 Z I T RO Y P « 2L EY —)UBIRIR & O SE - & &I
BFoNT-AFEORIN L OHH AT MLORE L OWAE R, CNOBELE—HKLT
(Figs. 25A and 25B). F72, C(cm)AKVSY &7 1 J 2> T OGS CNCL A &
7z (Fig.25C). LA E XY, Clem)AKVSY OHEOEH L, 27 v/ bISIZ L 5D C(em)AKVSY
NEHO CNDOAERLE, FHUZ5 &< CNO Konig SGZ L 5B E WD, DA LT L F
T DBPELTTED A=A LTHDH I ENFIoT-.

0.25 4 A25 1
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Fig. 25. C(cm)AKVSY also undergoes the Konig reaction. (A) Absorbance and (B) fluorescence
emission spectra of the derivatized compound from C(cm)AKVSY (red line) and cyanide (blue line).
Excitation wavelength was 540 nm. (C) Chromatogram of cyanogen chloride obtained from

C(cm)AKVSY.
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RA N HZ B HPLC (B £ % C(em)AKVSY AT St o figt

717 AT Scherzo SW-C18 (3 um, 150 x 4.6 mmi.d.), BEHAHIZ 100mM FEESFEEHX (pH 5.0)
S AR =) (88/12,viv) ZHWDH L, Clem)AKVSY 1% 30.4 73 IZIEHT 5 2 & Nyinoiz

(Fig. 26A). F7=, 77XV A~T7DOXE b 7L HEMICEBNTE 304 328 —7 235
Hiv7z (Fig. 26B). C(cm)AKVSY D& fkihZ A 755 L 304 3D E—7 BNRKE L 7eo
7o 2 & R OGREHARIEEZ DTT OV TAA Z RN L 72 » 72 W T 30.4 32 B —
I NI SN2 2 v (Figs. 26C and 26D), 7% U A~ 7L B W TAR LT
304 /3D E—27 1% C(cm)AKVSY K TH D Z Loz,

A B

Fluorescence intensity
Fluorescence intensity

. U

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Retention time (min) Retention time (min)
2 ¢ v 2 D
K7 ‘@
c c
V] [
kS =
[} [}
o [&]
c o
[0} [9]
O (]
0] [2]
o o
o o]
= =
'8 TS
— S
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Retention time (min) Retention time (min)

Fig. 26. Chromatograms of C(cm)AKVSY and adalimumab digested by chymotrypsin. (A) 1 pM
C(cm)AKVSY standard solution. Adalimumab unspiked (B) and spiked (C) with C(cm)AKVSY
standard. Red arrows indicate the peaks of C(cm)AKVSY. (D) Adalimumab not treated with DTT and
IAA.
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IHTENY T =3 v

AT C(em)AKVSY %7541 L72BED LOD K (N LOQ 1ZE N 4.17 nM K TF 12.6 nM
ThHY, INENLHESND T XY L~<7 0 LOD LTULOQ 13 0.31 pg/mL K T* 0.94 pg/mL
Toh o7z (Table9). LC-MSMS ZH W e — b _XT7F NEIZ L AT XY A~ 7 E&EE
ELTHEINTWD LOQ N 1 pg/mL THoT7oZ D 8, AIEDTTHNEE D S TENT
WD ZENShoTo. Fin, RIEOEMBIEZTT Z ) A~ T 5-50 ug ORI CHER L GE
£2450.9955) . M HALN OB K OREEIL TG D 5 pg T 127.1%M% T 2.94%, E3GD 50 pg
T101.6% K% TN 10.3% T & o 7. ST BALH OB FE R OHEEE VL T oD 5 pg T 121.8% % 185.71%,
G0 50 ug T 101.8% &% 1 6.98% T~ 7= (Table 10). LA EDOFEFR D, AREIXEEE LT
ETHY, POBETEDLITFETHL I ENRINTE. 7272, Soug 7 XY A~=T7 %z
BT HNLNIEE RO R E o7z, 2T, FUROEEN S X R 7o i X 531k,
DIT (2 LDV ANT 4 RiEGOUIW, TAA ICX DT A —NVEDOT VX ik, A BT A
IZE DT TF FORRIZE D £ TO—EHOMEMRRILEORER, o7 AHOEXLSEN
RRKREL o T LESRIENFEHNEEZ SN, O pITIE Y 2 NERIE MY S % 5
FEOTRIZEIVEETE DL EEZEZ DN,

Table 9. LOD and LOQ of the present method.

Compound LOD LOQ
C(cm)AKVSY 4.17 nM 12.6 nM
As adalimumab 0.31 pg/mL 0.94 pg/mL

Table 10. Accuracy and precision of the present method.

Intra-day assay (n = 3) Inter-day assay (n = 6)
Accuracy Precision Accuracy Precision
Content (pg)
(% of target) (%RSD) (% of target) (%RSD)
5 127.1 2.94 121.8 5.71
50 101.6 10.3 101.8 6.98
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b I TOAFT XY A~ T ERERASDIGH

AREOIGHE LT, BaI7MURICEENTOWDIAEDES T XV AT DEBEITo .
20mg/0.2mL DHFED & DE MW= & 2 A, RIEIC K HERMIL 22.5mg/0.2mL & Raf7a—
BErLTc. 25ug OT XV LT 2B LT XY A~ 7R LN 2 I F°
KOs v~ v 7T L% Fig. 27 17T, oI 7%MUAFIGO 7 # ) s~ T EREE LTUT
280 nm OWNEREDZHIE SITWDD, KEEXT XY L~ TRRI) 2T F Ra i -
ERELTWDIED, LIVRRNRFELRSTND.

A B

Fluorescence intensity
Fluorescence intensity

) o v

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Retention time (min) Retention time (min)

Fig. 27. Chromatograms of adalimumab reagent and Humira® digested by chymotrypsin. (A) 25 pg
of adalimumab. (B) Diluted Humira® drug product containing 25 ug of adalimumab. Red arrows

indicate the peaks of C(cm)AKVSY.
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«
(31

/7

1

AW TIE, Z7abHlo 1 > THLH7a 7 I TICLV T I JBEO 1 5THD Gly 1
CNIZH iR S, CN-OMIIETH S Konig BUNZ L W RIHTE 52 LiimiEaHE, Zo
Kénig S ZFIHT 5 Z & T LC-MS £ 0 & filifi 72 A= (4t R 0D i 88 S AT 15 D BR %8 2 3K
Bl B, BU YU RUOVILEY — Lg% e Konig SOG CIEE RN AERT D72
D, EIEE 7R TIEORESL A HIFF S 2. & HIT, Kénig )Kis% HPLC DR A b1 7 ATl
ZH Ik, BENOFIMR oL a2 st EIR L TE 5.

£79, Gly SO T I £ TIE, Ser, Thr, Tyr, His & O Trp 7% Konig ST & U kg HHw]
BECTHDLZ LN Dotz ZNHOT X VBRI Gly [, 72/ KEoY 7 mfb s sl
ZHe< MO T 1 b U BIBEIC X 0 RAEHIIZ ONCO iR SN D Z L fEE S -, T7b b,
Z O LD BRBUSHHEITT 503500 Konig SUOSZ E VBRI AIEEZRESITHHDEBE X5
.

WIZ, Tyr DERILEWMTH Y, MRIEME D 1 > Th 5 DA H° Kénig ST LV i
WRETHHZ LR L. DAL T I 0 TERE Y VU« 2L Y — LRI D i
IRERDOSNFEEE DA 270 T I T ORISRAED D D CN LY CNCL O G,
DA OHE R TN Konig SUSIC L DD TH D Z ENFENO Bz, S5, WL
72 HPLC A Y > RONYF— a3 UFERMN D, Kénig KISIZ XD DA OFEEBE L, #@E S
LTS LC-MS Z# W=l DA EEVE LD bEEETH L Z BN ohote. £, b
DHATA—=NT I ThbD L- R3O NE & Konig FUNMZ E W RHATEETH D 2 & 2300
O, ZOMHT a—NT IO ~DISH bR ENDS.

#EWNT, Gly 2 C Kimlc b2 M URTF KT, filaNOEZELRIEME ThH D7 V2T
4t Koénig FOSICE WV BERETH L Z L2 R Lz, Z Va2 F 40— ERE
L LTDINB Z W BIENRH D03, FA—NVEIZEB LIz FiED -8 GSH LAk o F 4
—ARRBHHIIRIEL T D L EREICHEE 525800 E L2 L, EfTFA—1 %1
7o/ GSSG IHEHEERTERWNWI &, WAETHLZENLERERHEV m Nz &
LW TEREND D, AR CHESL LTIV A FF o DAY v RiL, Zu~ 757
+4 —Z T GSH & U GSSG FFE I D[RIFRFICE R TE, DINBIEXL D & EEE TH -
2. BT, —HOLC-MSELY bEED S TCERET LI Lol

IO, FRERLTHLT XU L7 OHHICH Konig FUSHIGHTE 2 Z L2500
ofc. THVALASTZFE RN 7V THET 22 LI28D C REGZ Tyr £ DOXTF R
KT 5 Z & T Koénig SR X DR FREIC /R o 72, KRS, T XV A~ 7RI 7B
ot n s — hRTF REGHRIGULEME T 52 L TT XY A~ TR RN HTIEE
LT DI ENTER., ZOKED, BRCHESINTWVD LC-MS/MS £L Y & EEETH
HT Nl
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ARFFE LV, Konig ST 7 B A 4o DI b3, ARHEAIL A TH 5 DA,
GSH, GSSG, 7# U LA=T ORI HISHTE 2 Z &350, Konig SO AMED R
&R Lz, AEITENEZEA L T D 2 L0 RE O Tl LC-MS &I PLpcm ke 4
507, HEEARSCHERO A MBNEMTH D 2 L RBEHERFO 2D DI R A T )
ANARE L WD EEMED R TLC-MSIEL Y B ARFIETHD EEX DL, 7 b
JSIZ KD CNIZAfiECENE, thOFIEEMOSHT~DICH bHIf S 5. FRIZ, Konig
FOGT ZY A= 7 3Hrs@H & 7= 2 &1, #@% LC-MS/MS #H\W\WTIT9H Hhus— h
T'F MBI L D PUREIR L O FE &HS Konig Shis & W 7280t HPLC {EIZ K 0 FTRBIZZAR D 9
HZLERLTWD. TH Y LA~ TUSOHFURESRE S K ONMIE E Wole Bk~ R » 7 R
ZHWIET 21T 9 2 & C, PUREIS O RO 72 0 TE OREEENIIRF S L 5.
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