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[ Abstract] Serum amyloid A (SAA) is one of the four inflammation biomarkers in clinical diagnosis. At present, there is
no SAA certified reference materials, which cannot achieve traceability and standardization in clinical SAA diagnosis. In
this study, the recombinant human serum amyloid A expressed in E. coli was selected as the raw material, and it was
qualitatively and quantitatively analysed to study the traceability method. The purity and molecular weight of SAA were
analysed by gel electrophoresis, liquid chromatography and mass spectrometry. The results showed that the purity of SAA
was >98%, and the molecular weight of 11820.09 Da was consistent with the theoretical value. An absolute quantification
method of amino acid analysis-isotope dilution mass spectrometry for SAA was established. The content of phenylalanine,
isoleucine and proline in the hydrolysed sample was determined at 8 h of hydrolysis, and the mass concentration of SAA
solution was 9.32 ug/g (RSD = 0.91%). An absolute quantification method of signature peptide-isotope dilution mass
spectrometry for SAA was established. Within the mass ratio of trypsin and SAA was 1:1 and digestion time was 8 h, the
content of peptide EANYIGSDK, GPGGVWAAEAISDAR was detected by IDMS, and the mass concentration of SAA is
calculated to 9.41 g/g (RSD = 0.49%). The results of the two methods were consistent by statistical test, and there was no

e #s B #A: 2024-05-20; 1&[5] B #A: 2024-05-28

E&WH: BEFH SO LRI (2022YFF0710301)

{EH B/ k7 (1998-), o HRLA T Ba 5T 52 20 61, WFE T . K6 S 24 301, R4 : zhangqi@nim.ac.cn; 8 HAE R : KAEH (1976-), FE T
RMERF T BEWEIT 0L, WETT ) K6 S 25 B, MRAF: songdw@nim.ac.cn,


https://doi.org/10.12338/j.issn.2096-9015.2024.0163
https://doi.org/10.12338/j.issn.2096-9015.2024.0163
https://doi.org/10.12338/j.issn.2096-9015.2024.0163
mailto:songdw@nim.ac.cn

e

Metrology Science and Technology, In press

significant difference shown. The quantitative results of this study are traceable to SI units, which lays a foundation for the

development of SAA reference materials.

[ Key words] metrology, serum amyloid A, reference materials, isotope dilution mass spectrometry, traceability
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amyloid A, SAA) J&: 7€ 2Pk ) I 1 mb e 0 40 i
AR —Ff 4y F 200 12 kDa (2 MEII R A KR, H
N SRR e R 4 B 19 = A4 B B 41 : SAA 1, SAA
2 Fil SAA 4, Hi SAA 1 Fil SAA 2 & 2 Mk W7 Y (A-
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AR 015 - 58 B R AT A ) 5 1% A (3E [E Waters 23
H) )3 XP26 3 & HL F K COF (i 1 75 22t Mettler
Toledo £ A1) ; Ultraflex 15 53 ## & B4l BBOG ) |
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% [ Sigma /s ] ); LN (a4 4, 3¢ E Thermo
Fisher 28 7] ) ; Bk R S 8% (fh2pal, [ 25 5 A A R A
A ) W3 2% i A 1 il (92 18] Promega A Al ) 5 4-20%
RealDAGE Tris-Gly T il ¢ . 10-260 kD # i1 7 44 58
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i 52 i G250( h B g Z& AE W B A BR A W) )
10xSDS-PAGE HL K % (538 [ FrA= 4 2 DR RHE A7 PR
Al o A-SAA PYREIE 22 B R 4 05 A= W) BB IR 4y
HIRA R A, B ZEAC 2 K b L 3E 251 F
BRI B S50 KA 28 FK .

1.2 SAA EMESH

1.2.1 SDS-PAGE %5 5 #7

B8 L AW S 2 uL # 5xSDS-PAGE & 1
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FRFE A . T AU N SR B 1 BT K
T e, PRI 1< HL Uk 9% MR, A A — = B
A, AR IAF o FBEWAE 23 W H 10 uL A i AN
FEMT Pl Y 55 43t Marker U5 LI IEE, Hi2s (v
B 1xSDS-PAGE & 1 A2 sl #h 57, THE
120 V 56040 T HEATHLIK A3 0T o 23 BT 45 o 5 31 1t
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1.2.2 HPLC %% o 47

a. FEA RS

FREUSAA TR T LB oK, BLEAE Gk
B H 1 mg/mL, 4 0.22 um 38 P8 o 58 5 2R 1T = BOK
A 3E (HPLC) 407

b. Ak A

{64+ . GRACE Vydac 214 TP C4 4.6x250 mm,
5 pum; HBIAH A: 0.1% H R KW, 7 8l 4H B: 0.1%
H R 2 I VA W W : 0.5 mL/ming A3 3R : 40°C; PEAE
H: 5 uls PEARESEE: 0 ~ 5 min, 5 ~ 40% B; 5 ~ 35 min,
40 ~ 50% B; 35 ~ 40 min, 50 ~ 100% B,

1.2.3 MALDI-TOF 4-F &l &

VEWGE T/ Z R 1 2,5- 25 4
AR (2,5-DHB)/E A BT, B 10 pL i 5L BT i
55 AH R R B B A W (1 mg/mL) IR A, B W
WFTIRA) . 1EHL Ground steel target 4%, B 5 uL iR
AR AR AR b, P AT S SR, AR |
VSR, FEREAR TR B A2 S A TR
124 KA ZIREEES AT

SAA VR 28 Ji 2R 1 g U0 )5 1 22 Bk ) 22

3

1o RCRRE - R B R A TR (RSSO I, I P IS
SILTR T HNHEAT IR 4R SRS TR .

1.3 FEBASN-EMNZEHRERILE (AAA-IDMS )
EENH SAA

1.3.1 #5444

a. bRV B

BRI TR B i IR T v VR AR i R L (]
P EARCEILRR N 0.1 mol/L HIERL FRIA W, e & Mk i
1 mg/L (IZE N EBR (Phe) | [A) 07 R AR ic A N &R
(IS-Phe) . A& R (1le) | [Rv R bric 57 5a &R (1S-
Ile) . Ffi& R (Pro) | [FI EFric il & B2 (1S-Pro) A+
W .

] {57 25 P A V5 YA« i A I o 0 O R = IS-
Phe, IS-Ile, IS-Pro R IR &, A 0.1 mol/L 1R R
TR T8 22 5 K il 7y vh % R R VR P AR [

P UV W TR PR i 2% 2 B R 5 R L R AR i 2
BRI A, H A 5 R 5 R R bR il & 5 R
FA) JoT B LE 3 0 SR 0.9 (ARG B2 A v v ) A 1.1 (g vk
FEFRMER IR

b. SAA i 7K g

P R BN 1 mg/g 1 SAA IR TR
B 10 ng/g, Friz 300 mg Fi BRI T 20, 255
i I A R R PRI o Bl R AR HE TS T T
60°C &M T HA B LT 15 min E5E22 T, IMA
800 pL 6 mol/L 1) £k W2 17 W , 8 U5 4605 45 EHf 1T
BT 110°C SRT AR TRk g T /N o 7K 58 1
JE U, AT TR, A 1 mL 0.1% H R /K
WIS, R 0.22 pm JERE T AR

c. IKFEF=HIH) LC-MS/MS 434t

(1) o3 254

1, 3% #% . Phenomenex PEPTIDE XB-C18 column
(3.6 pm, 2.1 mm=250 mm); JishHH A: 0.1% H /K
W, T BlAH B: 0.1% H R BV ik : 0.2 mL/min;
FEWR: 25°C; FEFERE: 5 ul; PEMRASE: 0 ~ 2 min, 2%
B; 2~ 7 min, 2 ~ 7% B; 7~ 14 min, 7 ~ 35% B; 14 ~
17 min, 35 ~ 2% B; 17 ~ 20 min, 2% B.

(2) i 24

B FUR LSS B TR ESIL 1E B TR A
B 22 SO A AR = MRM; 2546 R : 300°C; 55
A 11 Liming BN HLE: 4000 V; Kl 25 -XF
miz: 1le(132.1>86.1); IS-Ile( 139.1>92.0) ; Phe(166.0>
120.0) ; IS-Phe( 176.0>129.1) ; Pro( 116.0>70.1) ; IS-
Pro(121.0>74.0)
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1 GR(GPGGVWAAEAISDAR) 7£ & SAA FR1E ik,
FHF 5 SR i 50T o
1.4.2 A T4 4K EK £ & 547 SAA

a. bRyEVE TR A

RRAE KRRV 45 B VA MER PR B EK [l 3
Frid EK(IS-EK) . GR. [Alfi & #ric GR(IS-GR) Fl 25
BFK, BEEWE N | mg/L RRRTF . SR AA-
IDMS J5 i, 3E £ Tle /F Ry 22 i 24 2 18 % I i i
EK BEVR EAT 22 1 20 BT, 685 Tle F Pro /E M & & 2
FEFRXTBC T Y GR BEMR AT R B4 BT, 2 B 1R K i
SIS E 13,1,

[ 45 25 P A I T« 44 R FE o v R A R i 1S-EKC
H1IS-GR BEW, A 25 B 7 /K B &= S U1 7= o
Z v AR TR

PR eV T : HERR AR i 2 IR S R AL R AR id 2
JREBEBOR A, H T i o BA 0.9 (IR v 5 Fs o
WO R L1 R FERRIET ) o

b. SAA F£ 5 D]

P R PR B W N 1 mg/g () SAA VA TR
B2 10 pg/g, /M 2EAE DT, B3 300 mg., HEAATE
37°C FEZ TG 20 uL £ 5 7K %, 95C 42
JE AR YE 15 min J5 A T 8 10 Bk R 0B T B0 T
K& pH {H, Bl N AGE & B i, T 37°C 347
Wt A SO o A T /INBE S, i AR I i A [ 7 28
FRIE A 20 uL 49 0.1 vol% R /K 175 8 155 11 Wt %
FES SFRIETR IR Z 0.22 pm JEE I8 S LS

c. BT =81 LC-MS/MS 43 Mt

(1) ok 14

{6354 ACQUITY UPLC peptide BEH C18(130
A, 1.7 um, 2.1 mmx 100 mm); FizhHH A: 0.1% FHRIKE
W, TLBhAH B: 0.1% H R Z RSV ik : 0.2 mL/min;
FER: 25°C 5 #EFE 1 20 pL; PYEBL AR B : 0~ 5 min,
5~ 25% B; 5 ~ 25 min, 25 ~ 80% B; 25 ~ 40 min, 80 ~
5% B; 40 ~ 45 min, 5% B,

(2) B 41

BT H S5 1R ESIL R B R A
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8, XPRE S AT I AR A — AR T35, 1531 SAA AYEE
A2l A 98.37%
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2.1.3 MALDI-TOF & F & & ¢ %

SAA ) MALDI-TOF 43 - & il 22 45 S an &1 3
Fies, B S s — AN R A 1F H ey 5 B0,
5 SAA By 4+ -k 11820.09 Da, 5 Hi84rT
11814 Da —3(,
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SAA VT, o

Mgsncan
nMaa

FCH, coan B SAA AR A, g/g; Msaase: SAA 1)
AHXS 43 F i 5, Da; My 2 oE 2 2 5L IR () AR X O3
Jii &, Da; nj& SAA Z IR T 5 Pz il SE R 1Y
ML

SAA ] AA-IDMS JE H 45 R a1 & 1 frs, X 4
ASEATRES I E 3 UK, G5 RBOFE A 9.32 ng/g,
RSD 4 0.91%.
2.3 SP-IDMS EE57 1T A-SAA R

i 7 AAA-IDMS & & 53 #7 #¢ 1E Ik EK Fil GR,
WE 4 D PATHEAR, B IREAREZIE 3 Ik, 1A
F| EK {19 J 5 W A 7.40 pg/g, GR Y B vk
8.11 ng/g. PLALHRAE K EK F1 GR (1) R 1% -5 W AH
W54, BTis e il 45 - 45 R an 4k 2 R, MRM {435
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&1 AAA-IDMS EENH SAA £ R
Tab.1 Quantitative detection results of SAA

by AAA-IDMS
e SAAZE IV (ng/g)

Phe Ile Pro A

1 9.53 9.38 9.41 9.44

2 9.52 9.21 9.14 9.29

3 9.47 9.16 9.10 9.24

4 9.52 9.21 9.23 9.32

FHIE 9.51 9.24 9.22 9.32
RSD 0.28% 1.04% 1.50% 0.91%

®2 FERBUERN &4
Tab.2 Mass spectrometry detection condition of
signature peptides

2k BETmez  TETme  WEHEEV RifEfE eV

EK 498.7 406.0 154 12
IS-EK 502.9 414.0 123 11

GR 728.8 340.0 169 30
IS-GR 734.0 256.3 164 26
x10% m= :;

3.0

e IS-GR

23 GR

2.0

1.8 | EK

1.6 ‘

1.4 \

12
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Fig.7 Total ions chromatogram of signature
peptides EK and GR
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it iR IR ] A 8 T N AR A e KA 0%

SAA T =12 Agilent 6410 3 S5 FHASAS: I
SRR [ AL ZR AR T RRAE ST AR O30 T AR, AR 4
X (3). (4)IHFF SAA i .
_ mys[Rye (I, — ) — (I, R, — LR, )]

msaa(R; — Ry)

A, csp BRI KRR FE, @/gs mus A i R A
[F] {37 28 AR TR I, 5 R A Al RFAE K5 ()

(3)

Csp
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AL ZR AR IC AR IR B 04 T AR U AR 102 IIRAR v W b e
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WP AE IR [R5 2R AR C R AR IR A I TR AR L 5 1 02 e
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Fig.8 Effect of different (a) reaction time and (b) trypsin
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Mgpacsp
MSP
T, csan s SAA TEMRIHE, g/g; Msaase: SAA 1A
X3 i, Day M 2Rk BR AR X 43+ it i, Das

SAA ) SP-IDMS & fHZ5 5 an 3 3 frs, X 4 4>
SEATHES S AE 3 WK, S5 R BCE-YIME R 9.41 pg/g,
RSD 4 0.49%.

24 FHEHEEN
2401 FEFHEAE—F ik

i 3 2 (5) 43 T AAA-IDMS F1 SP-IDMS il 5

SAA MR I 2255
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&3 SP-IDMS EEH SAA R
Tab.3 Quantitative detection results of SAA by SP-IDMS

SAATEHWESE (ng/g)
5

EK GR FEIME

1 9.46 927 9.37

2 934 9.54 9.44

3 9.39 9.33 9.36

4 9.41 9.48 9.45

FHIE 9.40 9.41 9.41
RSD 0.53% 1.34% 0.49%
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#; §2=0.0022 /2 SP-IDMS #& & SAA WAL 2%,
TS F=3.27 <F01(3,3) =29.5, F B W # J5
P E SAA VR FE S5 SR NG T, P 2 ¥4 e T
FEFto
242 FHE—HMHEH Ak
i F K569 2 %1 AAA-IDMS F1 SP-IDMS il &
SAA ¥ 15 B 1 P 2H BOHE [R]RS %5 B AN A7 A 22 57,
i (6) 43 AP Il — 2tk

fo T H 6)

/Sz S?2
Ly
n, n,
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HOF- I {65 g R, 3500 0 LB AR B

AT 1] = 1.86 < 10, (6) = 4.03, KW P Jr ik
ME SAA WRPEAT R YERA — Bk

3 it

A5 S P A R R AR R S s T E A
N SAA BIHERRE R . AAA-IDMS i % SAA JKfif
7= h & BE R Phe. Tle, Pro AUAS N, 115755 SAA
PRI IR E M 9.32 pg/g(RSD =0.91%); SP-IDMS
AT X SAA B ) TR RRIE K EK. GR B9z, 11
A5 B SAA VWY T B M Bl 9.41 pg/g(RSD =
0.49%) o PHFR 5 1Y 2 i 25 R — 2, RS % G i
25 5%, H¥nl o r 0 2 5 R b v 4 I W R =
ST HLfr o AHFFE R SAA 75 I 5 A8 1) e 57 4l
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