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ABSTRACT Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry(MALDI-TOF MS) is one of the
powerful methods that enable analysis of small molecules as well as large molecules up to about 500,000
Da without severe fragmentation. MALDI-TOF MS, thus, has been a very useful an analytical tool for the
confirmation of synthetic molecules, probing PTMs, and identifying structures of a given protein. In recent
nuclear medicine, MALDI-TOF MS liner ion mode helps researcher calculate the average number of chelator(or
linkage) per an antibody conjugate, such as DOTA-(or DFO-) trastuzumab for labeling a medical radioisotope.
This simple technique can be utilized to improve the labeling method and control the quality at the development
of antibody-based radiopharmaceuticals, which is very effected to diagnosis and therapy for in vivo tumor
cells, with radioisotopes like 8Zr, ®Cu, and 177Lu. To minimize the error, MALDI-TOF MS measurement is
repeatedly performed for each sample in this study, and external calibration is carried out after data collection.
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Figure 1. The basic component of a mass spectrometer. The sample is ionized
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Figure 2. Scheme of MALDI mechanism. Analyte is mixed with excess of matrix
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Figure 3. The scheme of time-of-flight mass analyzer. lons are separated
according to their mass-to-charge (m/z) ratio, not mass itself. Light ions are
accelerated by a higher velocity than heavy ions. The reflector detector can focus
ions of the same mass but different velocities.
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Materials and Methods

17171 & x=

MALDI-MS &40 #"adt &2l trifluoroacetic
acid(TFA), acetonitrile(ACN), MALDI matrix(sinapinic
acid, SA), bovine serum albumin(BSA)+= Sigma—Aldrich
AHSt. Loius, MO, USA)2HE F+4stSict, AM=E 7]7]
+ ABI4800 Plus MALDI-TOF/TOF analyzer(Applied
Biosystems, Foster City, Ca, USA)olt} 2](64Cw)2}
A B2 5(897r)Z T YA o3l 9] 50 MeV Ato|22E

56 J Radiopharm Mol Probes Vol. 3, No. 2, 2017

£ (ScantronixA}, 1985d) 2 & aM¥RS 64Ni(p,n)64Cu U
89Y(p,n)897rol| oJaf A4t et

o

ol

o[

|

S
ooh
I

o

Lo A 5= 8 B A| AR SH A = trastuzumab(Herceptin,
RocherhE ARE519 1, Zlg|o]E DOTA(DOTA—NHS ester,
2.2',2"-(10—(2—(2,5—dioxopyrrolidin—1—yloxy)—2—
oxoethyl)—1,4,7,10—tetraazacyclododecane—1,4,7—
triyl)triacetic acid), DFO(p—Isothiocyanatobenzyl—
deferoxamine)= EFAYAIZRE Y5t FF7A 0|4
of 2gstct, E3F Aot A o]ES] AN 74

& 14 A7Ele] A1) et B2 AL FUs

-

3. MALDI MS £

A, MALDI MS 4ol ARgeF miEZ A= 31 24
ZF AR B4 F2 AM-EE SA(Sinapinic acid)Z 50
% ACN/0.1 % TFAS] 20 mg/mL7} HE2 wH5ojzr},
Spotting HH-& dried droplet 0.2 BEAEX] 7} njEE]
£F 1119 Fy] H|Z 4lo]E £, 2 ul.E 384—well MALDI
target plate(ASTA INC., Suwon, KOREA)®] spottingd}
A AEE ol gl Weleth, AR 7= 20 kV 7SS
ol A] positive linear mode® ZFEA]7]a1 AFEZHL 1200
laser shot2 Htsto] ASITh 24749] Alg= 5519 HHEA
S Sl etk #F2HAS oL, HlolE 4 F data
explorer< ©]-8-3f 2|45 24 (External calibration)2 3},
QR HA o] ARG Thil A RARA| 9 vtk HAS

71 BSA(M+H = 66,431, 2M+H = 132,861)°]t},
Results and Discussion
MALDI Reflector mode® I Ex[eFe] IA4E #e 7

T, FAG) 27 o] o] A AR F40] o2 YA7] o

o] Linear mode® EAl|of gt} 5}A|9E Linear mode



oA oRzke] QA ARl =, R BAFe] BAo]
LRF H 9 0XF Folt o] Bastch 1A 2]

+ AL HIF E2AES 7= EE(standard) EEE
HA(calibration) & &Gt -2)7F #4514} ok &
A= trastuzumab 2 EAFEFo] 140,000 Da FEo|B2
BSA(M+H = 66,431, 2M+H = 132,861) 2 calibration2 3}
%t MALDIOA HAL 9F (external)@} UH-(internal)
oA i 7hse], o] Aol YREAS HeYstglar
F7FE o At EAERE 54517 98] data explorer 4
ZE o] o]-gaf thA] g ¥ BAS XFsigiet, 1eja

& wwich A gro] o Ztel 7k U] ol 5e] RE
S AFEtaL YA 2] ARGl tiEt Bty EET
25 Fatglet, BEBA7E 50 Da o)k FAol AHEH
glofe o] Atk 2pol7h 2 o o7t Al=E 4= qlrk
I gresieich Zeole Mg wotshs Wil WA 7%

WA T WA 24 MALDER o)) B4t &

i _IHI_I

m‘i

2ol Aol Adole BAsEo R Lhiro] ATt of7]
A SWE gR|e] RAekol i, CAWS Zallo]E g (E
T elolE—aA] ZrAlelE)e] BAjaoln, (W A}

85 Zeole)o] BAake ofujgit,
ol A 2gE ddlole e He A

= (CAW - SW)/CW

27 B48I1A; sk Al 8= “Cu—DOTA—trastuzumab
T} 87r—DFO—trastuzumab 0. & ol 4] Awgiso] K} 4
3t A4S Pl e v ARle Fsilal, 1 AnE
table 1] LFeRATE

Ao A & 4 Qo] 71 trastuzumab?} 24

BlaA} 3l AR 2= B2H7] 500]82 Ad A 2

Table 1. The average molecular weight and standard deviation of antibody
conjugates.

Targeted Antibody m'z Average sD

Trastuzumab 147860.20 147898.11 147858.11 147862.76 147865.11 147868.86 16.56

HCu-DOTA-Trastuzumab  150598.88 150591.67 150503.89 150600.06 150611.30 150581.16  43.76

S9Zr-DFO-Trastuzumab  149168.48 149163.51 149052.89 149137.30 149110.56 14912655  47.23
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Table 2. Calculation the number of chelators per antibody(trastuzumab) molecule.

Targeted Antibody Conjugate MW  Antibody MW  Chelator MW  Chelator ratio
SCu-DOTA-Trastzumab 150581.16 147868 .86 467.41 5.80
#Zr-DFO-Trastuzumab 149126.55 147868.86 752.33 1.67
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Figure 4. The MALDI mass spectrum of trastuzumab.
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Figure 5. Measurement of DOTA chelates in trastuzumab by MALDI-TOF MS.
Comparison of mass spectra displaying trastuzumab (black trace) and ®Cu-
DOTA-trastuzumab (red trace).
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Figure 6. Measurement of DFO chelates in trastuzumab by MALDI-TOF MS.
Comparison of mass spectra displaying trastuzumab (black trace) and #Zr-DFO-
trastuzumab (red trace).
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Conclusion
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