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Analysis of Content of Human Serum Amyloid A by Isotope Dilution Mass Spectrometry Method ZHU Tian-yi, Ll Lan-
ying ,MENG Jiao-ran ,WANG Le-le” ,LI Jie ,LIU Gang (Key Laboratory of Bioanalysis and Metrology for State Market Regulation ,
Shanghai Institute of Measurement and Testing Technology , Shanghai 201203, China)

Abstract: A liquid chromatography-tandem mass spectrometry ( LC-MS/MS) method for the detection of pure human serum
amyloid A (SAA) was established.The purity of SAA was initially characterized using sodium dodecyl sulfate polyacrylamide gel
electrophoresis and liquid chromatography.Subsequently,the relative molecular weight and peptide map of SAA were determined
using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. The SAA content was then accurately quantified
using an amino acid hydrolysis-isotope dilution LC-MS/MS method. The results demonstrated that the purity of the SAA sample
was 99.39% ,and the measured relative molecular weight was 11 678. 73 Da, which was consistent with the theoretical value of
11 682. 7 Da.Furthermore ,the amino acid sequence coverage rate was found to be 99. 04%.The quantitative result of the amino
acid hydrolysis-isotope dilution LC-MS/MS method was 80. 9 wg/g,with an uncertainty of 2. 0 wg/g (£=2).This method exhibits
high precision and accuracy, with measurement results traceable to the International System of Units ( SI units) , laying a solid
foundation for the development of SAA protein reference materials.
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A ST T 5 SR FHBE I R, ik R TR A 2 335 5 X
SAA Wi EEHEAT T ZRAE, N 5L 0 Rl B O A
B FAk-© AT B ] % ( MALDI-TOF MS) X 7 14
AERT 3tk FH BT 8 SO S A T g . &,
FaE 37 T A BE TR K ik [R) 57 28 R 0 15 1k 9 SAA
F i 40 A BT VR, X R N A B
TPVl . ik ny e s 45 R AT R 2= S By, oy
SAA Sl FEFRE Y T B DA K 225 0 i T ik 1Y
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1 XWEHS
1.1 FEER S

1260 Infinity 1T %9 55 20 9 AH €0 35 42 (55
Agilent A H]) 5 Acquity I-Class/XEVO TQ-S B Jit
AL (LC MS/MS, 3& [H Waters 23 ) ; Autoflex
Max %I & A7 B[] 57 3% 4% (78 [ Bruker 23 A ) ;
XPR205 #H1,FKF (Hii -+ Mettler Toledo 23] ) ;
N-EVAP 112 % & W A% ( 55 B Organomation 2
Fl) 35810 Bl = i 2.0 ML (2 [E Eppendorf 23 H] ) ;
Mini-PROTEAN® Tetra % HL kA PowerPac™ 7 3
fitlh B 9k AY ( 3E [ Bio-Rad 23H]) o

i 22 R 40 B B HHE ) 5 ( Pro, GBW (E) 100084,
99. 0% ) AN IR 26 bR EY) 5T (Phe , GBW (E)
100061,99. 9% ) | 5% 5% % IR 41 £ b 1 ) 5t ( Lle,
GBW (E) 100057,99. 7%) 4= IfiL i 1146 11 & b
HEW) 5T ( BSA, GBW09815) ( H [ i1 & Bl 24 1 5
B) ;P Cs-I R (Pro™ ) P Co- 2K N R R (Phe ™) |
BC-FAEER (Tle ™ ) (99% , 36 FH GBI IRl 2 5256
%) EANMIFIEMFEE T A(HAN SAA,
TFERL L AR W) R BCA R A R ) R R (AL 9 ki,
37wt% , [ 2 45 P AL 2= 30 A R A A 5 R By
(99. 9% , Lifg Ik B0 A BRA R ) 5 R (1
4, 2 Fisher 22 R ) s Hax il 4 o0 k4l 52
KRB AtiK
1.2 {4
L2.1 sk

Waters Hss T3 3% 4% (150 mmx2. 1 mm,1.7
pm) s HEAE 2 pl; . 0. 2 mL/min; JBNAH: A

A 0. 19 H BRK R, B R 0. 1% H R 2 5%
W 6 5545 .0~ 10 min, 2% B;10~11 min,2% ~
95% B;11~14 min,95% B;14 ~14. 1 min, 95% ~
2% B;14.1~18 min,2% B,
1.2.2 Bk sRft

L 2 IS 55 1E B AR S (ESTT ) 5 e U
Bl 22 5y W A X ( MRM ) 5 M 55 H, s
1.0 kV; B8 F IR BE. 150 °C 5 Ji v #) S B
500 °C 5 Wi AT 900 L/h s #fE LA % ik 2
150 L/h, 5 2R 1) 5 i 851 % 4L s il
HEREEFERIE 1,

F1 FUEIEINEEREE
Tab.1 Amino acid information of mass

spectrometry monitoring

Quantitative ion  Cone Collision

Amino acid pair m/z voltage/  voltage/

([M+H]") v \4
Proline( Pro) 116. 1>70.0 30 12
Phenylalanine ( Phe ) 166. 1>120. 1 25 12
Isoleucine(Ile) 132.1>86.0 25 10
3 C-Proline(Pro* ) 121.0>74. 1 30 12
13C,-Phenylalanine( Phe * ) 175. 1>128. 1 25 12
B C-Isoleucine (Tle * ) 138.1>91.0 25 10

1.3 bRUER L

RILTR S A HE R [R5 28 s BV B - SR
FHEERACH 3 Fp & LR K 3 F[F 4 2 N Ar )
T, FH P~ DR T R 285 R T 1 2 R 1R ) 7 3R
PR A R, 5 3 AR R 800 0.1 mol/L 31
PRSI, 455 0.2 mg/g 3 Fha LR A1
3 A BRI ALR NAR B, B T 4 °C vKAE it
AR

GILTRIR A BR VA TR BC ) - R FH 3 B VARG
WERRI—E 11 3 PP SR, A 0. 1T mol/L
IR TR AR REAT B I TRV A AR IR W

GILRIFI R AR IR B b v VA T B - SR
FHE R PORS B PRI — 2 f 1Y) 3 R LR [ 2
FREEAE, A 0. 1 mol/L h W2 i B 45 1) 42 3 1% [+
R BRI A PRI

R B | R v B TR A S TR A T - 2 R SAA
BT 58 A K e ) A R R & LU Y 0.9 Al
L1 A% 20 F E 7 RO 2 PRI L TR TR & 4
HE W (MR L 90 L =V EE 110 pl) #1100 pL
TR R 2R AR TR A PR W, #M I 2l K 2
1 mL, IR G ECHIFS B EE Sk IR A A, I
TR 5 S FE TR R 2 DA 1R ¥R B2 L 43 A
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1.4 B S K A
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KVHE R, B B EE 29 100 pe/g HIEE
W, B T80 CARIRARAE .

KRR E 2N SAA B I R -80 C ¥k
N QN TSN B L N il N O 1 R 79
50 L FRIEE FRE & FD 100 WL & 3L R [F) A7 2
ViR AR R 2K A v A s BRI IR 3 R
PIBRIR B 5 8 14 5 8 4K i Je A LR 1 P e R
H—5, AT A, A 400 wL(6 mol/L) &
0. 5% AR B 1 TR 75 1, T3 i TR 20 I A Wk B 4
2 min Ji7, BT 110 CHHE KM 40 h, K52
Jei BRSO I AR T A T mL 0. 1%
F R K I, W e TR 20 483 0. 22 pum JE L 98
J& , BiEAT LC MS/MS Z3#T,

1.5 HEARERITE

SR FHFE 50 8 1 5 B A T
MR (1) L (2) T EARFEAN SAA & A K
J& Pro Phe lle 3 Fh MR A9 B, FHR B =8 (3)
53 AR 2 SR v BET TR IR B

Iy = [Ron(l, = 1) = (IR, = LR)1/(Ry -R,) (1)

S T B PR PRI R H (ERRIE/ARIT) ;s Reas
SRR R R G FTBLLL CIERRE/ARIT) 31, A 1, 43 BLRAT
e g 725 1 TR VYR P R SR I e (IR IR D) s R, A
Ry 5 G JSE 05 96D 4 A0 o 0 € 0 T L L (A
Fric/FRic) o

ean = (myserly)/mayy (2)

KA o, JEE RS T Pro, Phe Tle BIHIE | ne/g; mys i 6
PR 5 A B 37 22 AR 0 R, g 0 2 SR R
12 PIFRIR AR BTV | /s men s ETEALA SAA B I RE
Fn P BT mg

csan = (eanMy )/ (Myyn) (3)

T e RTALN SAA B FIRE BOIRIE | na/ g5 Moy I My,
SR SAA 2R (AR IERR 19 53 THE, Dasn 2R F1RE S
e LA

i 3 AR o A B A BTk
SR BOFBEAE N EA AN SAA AN & &2
AR,

2 #R5HR
2.1 HEE TR SSEEE Sr b

K 4% ~20% 1) SDS-PAGE il e £E 100 V
HLUKFLRE T 4753 25, FLUK A ] 60 min,, U2 45
WA 1 FR B4 SAA HA KT 12 kDa
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Fig.1 SDS-PAGE purity analysis result of recombinant

rlllllll

SAA

human SAA protein

N HPLC #— A 5 uE E 4l A SAA AW
SEFE, K E N SAA TR T8 alik b g i
B E LA 1 mg/mL BV TR, 50 31 10547 06 e HE BHL
3% (SEC-HPLC) FIRAH (1% (RP-HPLC) 4347 .

(1)SEC-HPLC {83543 #r

{3 25 < Yarra SEC-4000 {5335 4F (300 mmx
7.8 mm,3 wm) ;FFRER 10 pl; 3% 0. 5 mL/min;
ZNHH . & 0.3 mol/L NaCl B 50 mmol/L %2k
Gz P (pH 6. 8) 3 % BEVEI . SEC-HPLC 4fi i )
Fras B an &l 2a JF7s , 445 B 46 10 2% ( DAD)
WA S AE 220 nm AL AR N AE , XA i 2R A T s T
FRUH— A5 A5 B h SAA 4N 99.39% .,

(2)RP-HPLC i3y

1% 25 14 : Syncronis C18 435 #E (150 mm X
4.6 mm) ;J‘&ﬁ%;ZS uL;?ﬁﬁ;O. 6 m[/min;‘];ﬁfj]
FH:A:0. 1% =FRLR-KE W, B 0. 1% — 5 L IR -
CINEVEW BT 4.0~ 18 min,95% A~30% A;
18~18.1 min,30% A ~5% A;18.1~20 min, 5%
A;20~20.1 min,5% A ~95% A;20.1~25 min,
95% A; K% K :214 nm, RP-HPLC 4 £ 73 b7
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Fig.2 HPLC purity analysis result of recombinant
human SAA protein

2.2  MALDI-TOF MS 4T85
HH A SAA & [ %51 MALDI-TOF MS 43 #r
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e HAr 78, 158 11 678.73 Da B fiffE B T
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Fig.3 MALDI-TOF MS molecular weight determination

result of recombinant human SAA protein

2.3 iR gl

HALN SAA B L BE AR Y S , 17
MALDI-TOF MS ¥l , 2% 538 i Mascot 2 %5
BAFEAT 0T, KRS R & 4 B, SEALA
SAA M T H1 3 55 % K 99. 04% " B IEIR T
S s BEVCEE B 2N SAA SR H ¥ 41 5 HL
B3,

51  GVWAAEAISD ARENIQRFFG HGAEDSLADQ AANEWGRSGK DPNHFRPAGI
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IR IELE S
Fig.4 Quality fingerprint analysis result of recombinant

human SAA protease hydrolysate

2.4 HIPUKAEFEML

SRR T RE 5T 42 R /K iR B IR 5 A L 1R
PRUIEE 5t 00 Y ff 1 R o 5 4 o) il 8 1 I K i
RCR R K R R K At 1) AR R MR K A5
HEEZMmHE Rk, R RIRED
Pro Phe lle 3 Fia SLfR1E R SAA B € & /34T
XFG IR AR S A AT AL . Sy A R R
ARETE NG K AR R BRI FE 7K A 1 7] v
NI 0. 5% 7R WA Ry b2 B 48001 AR IE 28 R e A
SAEK R R AL R

53 25 SR f I EE 90 (110 F1 130 °C , 7K fif st
] 2~88 h I, KA Ji 3 A FE PR S HX 1 [l 43
PRIbR P8 5 33 0 068 T AR L AR AR 3, a5 BT
IKFR IR BT 110 °C, KB A 5] 40 h J5, &
BETR S FL AR & AT B R ARk R SAA UK
i S O BASE 5 3, E#E 110 °C A1 40 h VB Al
KAt 25 A o

~+—Pro/Pro*
~+-Phe/Phe*
—+=Ile/Tle*

~=-Phe/Phe*
—=Ile/Tle*

Mass spectrometry peak area ratio
Mass spectrometry peak area ratio
o
&

9‘0 liO 13‘!0 0 2‘0 4‘0 6‘0 8‘0 1(‘)0
T/C t/h

a. K FRIELIE s b /K g B 8]
5 KR RS
Fig.5 Optimization of hydrolysis system conditions

A B RRK A i R RAE SR K it iR, 72 W
KSR R R R S A R B RE T4
KA BE VAR OC , 38 3 X AN [A] B R R (2.4 .6 Al
8 mol/L) FIELMAR A1 (100,200,400 F1 800 L) ¥
HE R, HER R W > 6 mol/L, #h iR H it
>400 wL WA BTK i 5 2 5L R 5 1 T — 2L
IR AR ZR Pl A1 TR e B AR BRI 25 2 i K fige st
FRERIRCR , I $E 400 wl (6 mol/L) EhMR1E N
K AR

=]
o
o

‘é a - —s— Pro/Pro*
5 B +~ Phe/Phe*

g e N
;0,8 £o0s Ile/Ile’
-4 E D S s ———
o &
5 Fo | ~N———
Eo,s g06

—~—~

] ——Pro/Pro* ‘5
- ——Phe/Phet 2
é““ D/t g

= 100 200 400 300

6 8
Hydrochloric acid concentration/(mol + L) Hydrochloric acid volume /L

a FhERVR B AL s b Eh R H L
6 KfEEF R
Fig.6 Optimization of hydrolysis reagent
hydrochloric acid

2.5 ZRPEVE G R E R

SR 2.5,10,20,50,100,200,500 pL &
SRR APRUE AN 100 pL ZIERR R 07 R Wbk
IRE PR TR T H 74 2 8 AN W)k B2 i AR
HERD AR, Hh B R N2 HOT By [ 62 R bR
AR 43 0.02:1,0.05:1.0.1:1,0.2:1,
0.5:1.1:1,2:1,5:1,347 LC MS/MS 437, LA%
LR S HS L [) 3 28 A AR Y R 32 L D i AR AR Joi

R2 ARG MSCRB KR SE R
Tab.2 Linear equations,correlation coefficients,

detection limits,and quantification limits for amino acids

Correlation Detection Quantification

Aﬁz" PI;LZ?; cneffisient limitfl limit{l
(R*)  (ngg™) (ngg™)
Pro y=0.6824x+0.0016 1.0000  0.07 0.24
Phe y=0.748 8x+0.0075 0.9999 0.0l 0.03
lle y=0.737 74+0.0008 1.0000  0.05 0.15
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1

itk B [ (57 28 i R 1 7 TR TS 25

3}

T TR LA AR bR, 1R 26 M 0159 75 31 2 Jr i
FRRSC R AL, 43 L 3 A5 H0 10 F5AFME L5 ik
PG HE BN B PR, 25 SR L3R 2,
2.6 JNLIEHEERIE

R T2 B R AR Tk 0 B T A SRR
GBWO09815 4 IfiL ¥ 11 £ 1 7 & A 1fE 4 ot 2 47 DU
R, R 14 g sy IR Oy ik Bz br v )
ATAREE 3 1y, B B A 3 UK, AR 4fE Pro Phe
Te 3 Fha FERRIATE 7390 T35 8 L B, BT 3
{EA95) BSA IR R 0.893 o/g, I 5E 25 e AE
PRUEY T UE A BT s bR HE D) 5T (0. 903+0. 038) ¢/
SHEHIEFE P, — U pr Sy 2 B R
FA IR
2.7 EmEAHIEAAN SAA

SRR 77 D B2 N SAA R K fif
PRI 3 FhEIERR K 3 Fh IR 2 P bR B4 R 06 T
B TR LR 7, B 6 ASFATREN,, Ay
SR 3 W, AR ILER 3, IS E A SAA
AT HA 80. 87 we/g, M5 45 5 A AR X A o fi
ZN1.79% , Rz EEA N SAA EEAF
AR B A AR E A M

1 — Amino acids
2 — Isotopic Internal standards

Phe*

0 2 4 6 8 10 12 14
t/min
B 7 3 MR L3RR R bR B TR
Fig.7 Total ion chromatogram of three amino acids and

three isotopic internal standards

R3 EAA SAA EAERSHEAR
Tab.3 Quantitative analysis results of recombinant

human SAA protein

Protein quantification results/ ( ug-g™")

No.

Pro Phe Tle Average

1 80. 80 78.49 81.87 80. 39

2 83.18 78.98 83.90 82. 02

3 84.72 79.18 85. 47 83. 12

4 81. 86 76. 19 79.48 79. 18

5 82.29 77.11 80. 31 79.90

6 81.61 78.19 82.06 80. 62
Average 82.41 78.02 82.18 80. 87
RSD/% 1.67 1.48 2.70 1.79

3 WELRORREETE

HRAE 15 (1) (2) (3), 4r BT ag—
FIVEUERRE Bt SAA (ORI FE BRI T . 2 1
BEM SRR FR 6L LG (IERRIC/ AR 1T ) (SAA BE S
F Bt R I A SRR R 5 2 bR Bl
P TR S KRR AR RE
3.1 PRSP R R LE (IR T/ AR D)
5 R B 52

HRAE 5 21 5128 1R o A R IR i 1
CIE AR 0/FR 30 BIA B9 R B 5E B u (1) =
JE Cen)? L e, BRI R BRE u,
AR IR R L HR U 5 Eh e B ( e
) A v PR SR R R H CIERR SRS 1
VI (W FE ) T A VA P L R 0 3 I A B
CIERRIT/BRIT) B UG 0 A L (3
FRIG/BRI) 5 MBI AR5 S 4 ik 43 94
51|, 4440 R SR A 1035 4,

x4 EORER P EERR B L (AEARIC/ ARG SIS E B

Tab.4 Uncertainty introduced by the mass ratio of amino acids (unlabeled/labeled) in protein samples

A . Pro Phe Tle
AIERAR RIPRE AHeE RERE AHEE  ZAEERE AHEE
R BER A A R rh R R B T (AR /bRl ) 0. 892 0.007 95 1. 160 0. 002 87 0. 847 0. 007 90
25 e BETR A5 VR T B R B L (AR R/ AR ) 0. 108 0.00973  -0.156 0. 009 59 0. 153 0. 009 66
R BER S R IR (B W T AR L (AR /ARIE) -1, 107 0.008 21  -1.313 0.00287  -1.097 0.003 45
i VTR BV TR P AR A T AR L (JEARIT /AR 0. 134 0.008 21  -0.177 0. 002 87 0.199 0. 003 45
Rt T TR (g TR LU (CIEARIC/FRic) 1.241 0. 006 29 1.136 0. 006 20 1. 296 0. 005 92
WS E SRR S L (HERR I/ ARid) 0.014 00 0.012 20 0.011 00

3011 RHE (R ) TR TR R
FCIERRIE/ARIC) 5IARIANH E

AT P & ZE R 5 R L3R A AR 1Y i [

I=( VIV )/ ( m[scls> s Hrp My Mg ﬁ%”ﬁ*ﬁm
) LR IR A A eV TR AN 2 SE IR [R) 57 R AR IR &
FRUEEI ) R, ¢y s 20 0 R B B R JE R TR
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B PR UEA IO Z 2 [R5 R INARTR & Fr HETA TR
W, T IR SRS R R NARTR S AR A T
HYVR B TEOC  FETH R R v 25T, R 2 BEIR TR
BRI IR rh 2 R 5 R = N AR B g T A
PN 2 BEAN S D381 3 Ao Al G

(1) ZHERRIE G AR ME I TR BE DA B AT
FEJE AR S AR 0. 2 mg/g IR 1)
W VA IO AS 2], ORI E B h 2 R B
Be il A AS I SR B Y T | SRR B A
WEV IS BT 3 AN o 2 i 2, L v
PR BV C ) Ak 7R 5 | AN 2 B2 R RR PR )
FR 2R | 28 LR AR THE ) Joa 1) Jo ek P 22 i PR B TR
SR

FEFR R S LR IR G PR E IR TR T e AR
BRSSP 7RI R 1 e K AR 250
+0.5 mg, IMI7EFR i B Bz L R BRI 0T i, 2
FERRBREY) BT 14 Jo 52 ), KPR 1% AR 1 B K A
VFIRZE N £0.05 mg, 73531545 B AR bR ifEAS
T2 5 A 281 5 PR VI 5 s A VAR ) A 15
A BIARXSBRAEAT 2

(2) B B S B R VR A5 s M V75 VR R 2 R 1R ()
A7 2R BRI A i TRV W 1) o i 5 | A AN o B
RAPAE R AR i K AP DR 22 1 £0. 05 mg, 3T
TS BNFRE 5 | A B AR AR MEAST E B

SR R G B3 0 5 SR v B2 (i vk i)
IRA W h 20 i L (JEbmid/dnid) 1A R
ANE B TSR LR 4,
3.1.2  ARHREE (VR EE ) IR G VAR rh E AR IR (3
T AR L (AERRIC /ARl ) BIA BRI & B

AN F Ao R b R 1 e TR AR L (AR AR
w/Amic) 51 RSB 2 B 3228 i A i B 2 Pk
FIAPY SR E AR MR AR R B R AR 9 IR,
1535 9 AT AR L IF AR R 25 SD, SEPRE(E
SRR G E Z R 3 WHCE A, WGk
JEIR G W b 2 R 38 e T AR LG (AR ARG/ A
i) BIAARHEARTREBE R u(R,)=SD,/J3 . H
TRV 3 T R R T 5 VA R R R R R A Oy
T, B 5 BIBREAN T E BEAR ]
3.1.3  FEA R ST AR L (AER D/ AR
18) 5L A BN E B

5 3. 1. 2 O BE VT T R L, R AN AR
HA ISR IR 9 IR, 153 9 A T AR L T
R E W 25 SDgyy , T A B R AN B 0 BE
u(Rgyy)= SDSAA/EO

3.2 SAA PR YT E AR I A IR W] 47
R AR BT 5 A AN

RVPTEZ R B K ALVF 1R 25 1 +0. 05 mg,
Ay EAT ] SAA A Y BT AR O A R
FEIR [F) 7 R RIS AR 1 W A BT it 5 | AR AR XS
BRIEAS A2 L
3.3 Rk E MG AR E

HRAE A ZEANH E BEVPAL Tk, e AR o E
RE 25 B 0 A X B UE O 22 1T 5w, (RSD) = RSD/
V18,

3.4 JKFRRCRGI AR E B

FR I SCHR AT I S 2 50 K& 5|
A E FEAG TR 1. 5%,
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Tab.5 Summary of uncertainty from SAA quantitative

analysis result
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