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Abstract

Isotope Dilution Mass Spectrometry (IDMS) is recognized as the gold standard for the absolute
quantification of small molecules and proteins, as well as an authoritative method for the detection
of trace, micro, and ultratrace elements. It has become the preferred method for protein quantifi-
cation and the development of reference materials in metrological institutions worldwide. Serum
Amyloid A (SAA), a key biomarker for inflammation-related diseases, requires accurate determina-
tion for the standardization of clinical assays and the production of certified reference materials.
This study established a novel purity analysis method for SAA based on amino acid IDMS. The method
involved systematic optimization of hydrolysis conditions, liquid chromatography separation, and
mass spectrometric detection parameters, enabling the absolute quantification of SAA. Three amino
acids, Phe, Pro, and Ile, were selected as characteristic analytes. Using weight-based preparation of
standard solutions with 13C-labeled isotopic analogues as internal standards, the optimal experi-
mental conditions were determined as follows: hydrolysis in 8 mol/L HCI for 40 hours, isocratic
elution on a ZORBAX Eclipse Plus C18 column (mobile phase: 97% 0.1% formic acid in water/3%
0.1% formic acid in acetonitrile), with optimized cone voltage (200 V) and collision energies (54 eV
for Phe/13Co-Phe, 78 eV for Pro/13Cs-Pro, and 73 eV for Ile/13C¢-Ile). The purity of recombinant hu-
man SAA was calculated using the bracketing method. By systematically evaluating uncertainty
components, including the purity of amino acid reference materials, hydrolysis efficiency, weighing
errors, peak area ratios, molecular weight, and measurement repeatability, the SAA purity was de-
termined to be 86.40 png/g with an expanded uncertainty of 1.34% (k = 2), demonstrating good re-
peatability. The measurement result is traceable to the International System of Units. The estab-
lished analytical method is accurate, reliable, and metrologically traceable, providing robust tech-
nical support for the development of SAA purity reference materials and the establishment of ref-
erence measurement procedures.
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1. 5|8

MIHEVERFEE A A (serum amyloid A, SAA)Z — M TS B SR A I SR 1, /2 22 R DK i
. BA 104~112 MEER I FEEEREE, MR —FRRMTEEIRE A 1]-[3]. ENARSZ FIER G,
B RAESERIBEUE TS, RIS TER], 7R RAE SOV ) L 1(24~48 h), LT L AT G
BIEE 1000 75 PA (4], AIVERNZERIBPEICTT 2 o O MBI iR Bis 23 1 L 26 22 o 98 S AH G B AR
Y, PR E FIR VPG JOE AU GRS [2] [5] [6].

HAT, PR T SAA Fer il 7 v 32 2 AR e S e il oK . BRIRC S i, e bt 9t
RS, IXEET R B ERE A PROE B A, (R M LS 5 B[ 7]-[9] (R 3 AR R o 1
(Isotope Dilution Mass Spectrometry, IDMS) & ZEi{AE A SRR 1), 545000 7o 3% 8 o AH [ [E] 7 25 5=
FEANTRI IR R, TR 35 5038 B[R A7 22 2 R~ 05, FH B iy BV o b e I e R K R AL 3R bU Al
HH S B A A0 T8 3R B BT IR 1 B[ 10] 0 X TTVELEIR B0 i R It SRR A HERR It S e R R, A
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KNP T SR R AR 2 B AR e, R RE AR BT R A AU A 117 [12], Kk, IDMS
CL RN [ A A B LR T2 5 AR SSAm E R ST e (K 8 14T ik

ASHITFER P S LR [ L AR BT SAA AU FEREAT HERRIN E o 3 o) S IR R /K AR N 1] L 3R €
W B KA KOS BT RGN, IR T RS R SAA I 5k . 1207 I E 5 R T
PR Z S PR AL, FFTEM T AERE AL, TN SAA IHERR ISR 1t 1 08 SC IR HEA o

2. MR EA*
2.1. FENHEE5EF

HANMBIEMFEE A A (GE>98%, LFHEAEVMRHARAR): CEEEY, SER);
FR(RRAL, M) RIS, g TaK):; GBW09235 L-2K N Z BR AL FE AR EY) 5T (Phe,
21 99.8%, U=0.4, k=2, FEIFERZHE); GBW(E)100084 L-fli 2 FR 21 An Y 5 (Pro, 4R
99.0%, Ua=1.5, k=2, FEIHEREFFREE); GBW09238 L- 3@ B4 bruEd i (e, 261 99.7%,
Uea=03, k=2, FEITERZEFRITL); BCo-RHNEMR(1*Co-Phe). BCs-iZFZ(1*Cs-Pro). Ce-F AR
(BCe-Tle) (99%, 3 E SN A 2R SL50 =)

HLF R (J& & 0.01 mg, CPA225D, 4 [ 3% 2 1| 1) s i v RGO €% £ 60T 1% £ (1290 infinity 11-6470,
F W 2 HEAR); Il T2 N RAE(10~100 pL, fHEE A, BT (DZF-6050, FifE—1E); &
WAL(HGC-24A, JbHifEH); #E4iK ZGi(Millipore Elix Milli-Q, #&E Bk 7).

2.2, LW AR

2.2.1. FHESEBRAERE

R A R HERTE SRR, AT SAA MR EERF 5115 5 (UniProt $f 122 255«
PODJI8), #H%ti%#¥ | Phe. Pro Ml lle /EANNFIEE BRI . ZEHH 104 NMAERKEHL, Hr Phe
BRIEHCH 8 A, Pro BRILECH 4 4, Tle BRIEECN 3 4, =FEILBRE T F it s], RIEELEF, B
B S WL AR T AR 2 AR AIE, AT e BT S S 45 R I0AIE . MK ARESE P M £ 04T, Phes Pro Al Tle 28
KRR, (ERRPEKMR AR N R R R v, &G 1F v E B UK E &b EM13]. 18
JRAEARTIN Ty T, =R SRR S I 13C ARid [EA7 2 A FR(13Co-Phe 1*Cs-Pro. 3Ce-lle)fE HIME %5 25 T 261
FAT IR )RR S0 B TR, 2 B DI oA S, Cu b TR, AT SR e S A
254 UL BIRZR, Phe. Pro Ml lle 7E/7 HIARGR M AK AR e P « ARSI AR 57 4 77 TR 2405 F2 AR I R R 1) e 0 22
R, FIEN SAA 4S8 S 1 v SEbREN) .

2.2.2. FREBEHIE

SAA P& PR UM —E 2 EAN SAA TR R, BB TBAUKF, FHLK
FE24 100 pg/g, O 56 S B T80 CARIR IR AT -

IR HEVE BRI SR AR M EC ] . FH RSP IER R & Phe Pro & e 4K K 10 mg, 4>
ST WA 0.1 mol/L (IERERH, fFILZIREEN 0.2 mg/g, ICNEIEBARMEEEER . K FH 5 Sy i
FREL— 52 B 1) = PP SRR VA VRR, IMNIREE A 0.1 mol/L [IERER A, ik o FIRE fhic AR L B s vk
IR

G TR R Z ARGV B SR A e . L RP 2 R R & 13Co-Phe 3Cs-Pro J¢ 1*Ce-lle
[ R EAR R 10 mg, 25T TKE N 0.1 mol/L (hEEd, (FHZIREEN 0.2 mg/g, 10 NI [E {7
TR B . R B ARR I — 8 B 1) =M R [F) AL AR G T BR, MR EE S 0.1 mol/L (13
B, 338 E R AL R AL IR TR A
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IRIREE . EIRFE TR GV MR TS ) SR FH R B2 o ol YR A PR H 2 R R s v VA VBT 5 T S S R IR A 3R
FRIC IR A R HIMEAR S bR i, Fe A AR IS Phe 2 13Co-Phe. Pro 2 3Cs-Pro. Ile Jz 3Cq-lle it
EEHIZ18 0.9:1, SFRER T Phe M 3Co-Phe. Pro & *Cs-Pro. Ile } “3Ce-lle R = ELIHZIN 1.1:1. HEH
TSR AR o B AU i &

2.2.3. HERKBEMGHIL

NI SAA FET AL KRS AT, A LSS & SR 00 = A AR SRR Al, XK AR & b i SRR VR S AT
et Fet, BEWAFATKETE: TR 6mol/L £, KKK 40h; 7% N 8mol/L iz, /K
R 40 he DAUKERCR NZ O FabR, K RN AR I i kAT e s b, LRSI AR R

(1) KFFRTTAEIE: K SAA FEf S 1Co-Phes *Cs-Pro J Co-Tle [RI ZARICIA R 117 & 1 MUK FE
HOH, SPAfT 2 =

(2) FERLHIE SKMR: KB RPFEZEEL 25 uL SAA #5550 pL A ZAriCiE &0, 3L
TN B KR s Bl S DN 400 uL X6 SR (6 mol/L 5% 8 mol/L) ) LBV, #eiEdRy 1 min £
REBE), RAZERAOKE 2 min LEBRERPIAS: BEHEIKBREET 110°CHSTEMS, it
ﬁﬂ(ﬁﬁ}i@;

(3) JEB A EN . KRR PR G, BOR/KRE W IR =R, KRR 2 Z AT mF
FEJEIRE R I T mL 0.1% (v/v) IR AKIET, IWHEIRSIMAE S R 2% SHEERRE 0.22 um AL
FHUEMEUE, WAEIEHAH T IDMS 37 .

2.2.4. FAHEIGEGKL

FETHH I SCRRIRIE S A 9206 =5 HTHAWE A FERE[ 7] [14], AEESL SAA FE5H AR B AR89 00 = 55003 B A
ZR, RHBAH 3 53 B A6 AT 0L, 36 FH P e o A X O B2 R it 5 5 FE e B )ik A7 % b B 42, Rl
FAUR

1. Bk RFEEZOSH: (1) B H:: ZORBAX Eclipse Plus C18 #£(4.6 mm x 150 mm, 5 um, Agilent
Technologies, USA); (2) #Ff&E: 2 uL; (3) WMahAHIT#E: 0.2 mL/min; (4) #:i&: 30°C; (5) WMahH4
B A FHR 0.1% (viv) KIS, B AHA 0.1% (viv)H IR I

2. Vel R TR BT (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. & —: SEVEMHIERE: SR R
FRIEE: 97% (viv) A #H +3% (v/v) B AH, AFEPEMEKN 35 mine SRS I A2 A ad sk 6 e g AP e s =R
H BRI BTV TR PR . 0 8 B B U A P S OC i b, AL HH O FH T AT ST IR BRe AR i 77 2

2.2.5. R &AL

DB R A 2 R 0 AR A R 25 b T A B 1 5 A 80 R B A R I — Bk, SRAANGER B B
TR IhEE, 73 5I%F Phe (BFES T m/z 166.2— T 55 T m/z 120.2) 3Co-Phe (BFE T m/z 175.2— T B § m/z 128.2).
Pro (BFE T m/z 116.1— T &1 m/z 70.0) } '3Cs-Pro (BRI T m/z 121.1— T B 1 m/z 74.1). Tle (B} T m/z
132.2—F &1 m/z 86.1). PCs-Tle (BB T m/z 138.2—F 51 m/z 91.1) (¥4 FL Ha 5 ARG 1 GE 2047 s R4k
o, HEFL AR AL TE BB E N 0~250 V, RERE RSO AL TG % 72 9 0~80 e V.

22.6. EHSEMIE

KA SVE R A B S AT e mIE, 3 AT, B ERRN 3 06 RAE LMK
Q)i+ 543 5] SAA FHE/KME)G Phe. Pro. lle =M BEMMIKIE, FHRYE 2 33) 70 LA AP SR L it
HERWRE.
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Ry ( Il) (I RI_IIRZ)
RZ R]

s o 79 SAA AR LLARPFIDARIL): Rsan 79 SAA AR R (LT B L (AR AR I2/AF L)

I IR PR A I P R R R L (ARFRIC/ARL)s b N LIRS R AR R & L IR 1L /AR L) s

Ry AR FE IR AR 2 SE R B LA (RS IC/FRIL) s Ry A iR FE TR A i i a8 S R i o7 LE A (I bR/
FRit)o

I,= (M

my x G x 1y

Caa = @)

LLIVN

. Caa N SAA 71 Phe. Pro. Ile MIMKEE, pg/g: mis A SAA HAIA BCo-Phe. '*Cs-Pro f 3Cy-lle
A AL R AR IR S VAR P VR, mg: Cis N 13Co-Phe *Cs-Pro J 3Ce-lle [Ff7 Z bR 1C R & R HH 18]V
HIREE, ung/g; msaa N SAA FERE, mg.
Cun X Mun
M, xn

3

Csanan =

A Csanan AWEIERRHEAFEIN SAA 24U ; AA 4 Phe. Pro. lle, pg/g: Msaa N SAA 17y 75,
11682.70 g/mol; Maa NEFERIKI 4T & n N SAA PRIERANE, HA npre =8, npo=4, nne=23.

T8 A (4)HL Phe. Pro. Ile & & 1HH 533 18 UMK FESE R P IIMENE N SAA A FENE 45 R,
WA Csanr FAL: pg/gs

— CSAA-Pro + CSAA-Phe + C'SAA-Ile (4)

C'SAA 3

3. ERE S
3.1. HERKBEEL

NHE SAA FEG IR K R SFAT, AW 05T 5250 = A AR 70 5L, XK AR & b SRR FE kA7 40
IRTE, B PULPAT K AR S : 7K 6 mol/L #:l2, /KK 40 hy J7% K 8 mol/L #H,
IR 40 h, AHOCSEER S5 R W 1 s,

DAZK it R AR AR 0 S IR 55 R 2 10 P 2 R R W T AR L (R) A% o PN b, 28 T 3 R A (R KRR K
P, BHCAKMREE A, A | BRI, 7 R — KRR N AR TS AT, T 5 5 AT R SRR TR,
DR A6 78 77 58 (8 mol/L 3h1R . ZKAAI K 40 h)VE  Ja 825256 1) S L K A 2 AF -

Table 1. Optimization of hydrochloric acid concentration for hydrolysis

1. KERRERE ML

R(Phe)/R(3Co-Phe) R(Pro)/R(3Cs-Pro) R(Ile)/R("*Ce-Ile)
IKfE AL - - B B - - - - -
FAT 1 FAT 2 FAT 3 FAT 1 FAT 2 FAT 3 FAT 1 FAT 2 AT 3
6 mol/L L% 0.27 0.26 0.24 0.23 0.24 0.23 0.27 0.24 0.28
8 mol/L L% 1.10 1.11 1.10 0.98 0.97 0.98 1.04 1.04 1.05

3.2. REBEFHRL
MR SAA FERL T AR BT mi R TS BAR IR 28, ASHT SO BOAR G B i 26 AR AT T R 58
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POAG, X EETTAl 76 BRI 5 45 U I P A S 0 = Aot B AR B R S L RIS R AR R 0 B ROR, DAtk
WETERIRRNE S 0 B W AT A VAN F AR, BRI | FoR. SEIRES SRR, BREEBEUE TR
B2 ANk, HARHrRBESSELIE L B, X BB A T 2 HEER WL FEENT: (1) Phe. Pro Al
e Yy I EIR, MRIEZE AU, 1ERAH C18 (il At BRI OREEAT AR, T B B e i 12 v A HLAH B
IR AE A REIX 7> =%, 5 FEOLEBR S A4 (2) BEHERFAE 1 min PURE B AREE AN 2% k53
THE 95%, AR, i BRI [ e, TR R il 8. M2, S
Bl R FMEE BTN AHEE EL(97% 0.1% T RKIER + 3% 0.1%F IR LH6), AMUES H s it
W B AR T, HLAE ORI (8] L ETR X MR R DA FEE 777 T 2203045 6 25 5, SE Ao AR A I 20K
ZRC LA I T R BB E 5PeiBE /), A6 Phes Pro. Ile MIARICAIFRTE 35 min P SEILIELL )85, 45
b, W SRR N i S B e LRI T %

«10° [+ESI TIC MRM(** > ) 1-0.d
3]’ 1
251
2_
151
1

- L -

2 4 6 8 10 12 14 16 18 20 22 24 26 28
Counts vs. Acquisition Time (min)

BREZ e

x10° [+ESI TIC MRM(** -> *#*)1-r001.d
1 1

3.5
2.51

1.51

41 I

T T T T T T T T T T T T

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

SFRE

Figure 1. Optimization of liquid chromatography conditions

1. RHEEEFHRAIL

3.3. FRIEEAML

KA B UeThag, 70 A0%t Phey Co-Phe. Prov Cs-Pro. Ilev "C-Tle FRIHEFLHL AL HE
177 pRRAL, &5 R 2 PR

DOI: 10.12677/hjmce.2026.142015 153 251k


https://doi.org/10.12677/hjmce.2026.142015

ttian 55

Table 2. Results of mass spectrometry condition optimization

2. BUERMHAMLER

AR 325C
AR 10 L/min
S 20 psi
AR 350°C
BHAIE 11 L/min
% I M I A BEEST TET HEFL L E filb e il Bt i 3ok P
Phe 166.2 120.2 200 54 16
Pro 116.1 70.0 200 78 17
Ile 132.2 86.1 200 73 9
13Co-Phe 175.2 128.2 200 54 16
13Cs-Pro 121.1 74.1 200 78 17
13Ce-Tle 138.2 91.1 200 73 9

34. ERFENHE

x10° +ESI TIC MRM(¥* -> #%) 1-r001.d

44 ,
2- A
0 M.
x10° 13C5-Pro: +ESI MRM Frag=78.0V CID@17.0 (121.1 -> 74.1) 1-r001.d
:

|
21 l
I

\

0

x10° 13C6-Ile: +ESI MRM Frag=73.0V CID@9.0 (138.2 -> 91.1) 1-r001.d

1_ 1 N 1
0.5 |

0.
x10* Tle: +EST MRM Frag=73.0V CID@9.0 (132.2 -> 86.1) 1-r001.d
1

J

X}O; Phe: +ESI MRM Frag=54.0V CID@16.0(166.2 -> 120.2) 1-r001.d
a (i

. 1
0.51 /\

x10* Phe 13C9: +ESI MRM FrAg=54.0V CID@16.0 (175.2 -> 128.2) 1-r001.d
1

el

(e}

—_

[}

1
4]
2.
0 :
x10* Pro: +ESI MRM Frag=78.0V CID@17.0 (116.1 -> 70.0) 1-r001.d
7.5 ;
5.
2.51
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Counts vs. Acquisition Time (min)

Figure 2. Mass spectrum of recombinant human SAA following optimization

2. RUEMEELA SAA HIFHELRE
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KRS, MEEHN SAA FEAKWBI=YH 3 PR IR M 3 Fh R4 Z b0 1 B A, i
Wt R 2. U3 APATEES, B EEAN 3 R, SR ILE 3. MAEAAN SAA HEAESEN 86.40
ng/g, M52 45 AR HE R 254 0.32%, R IHZ 7750 e N SAA B AMEMIRE A RIFKEE M.

Table 3. Quantitative analysis results of recombinant human SAA protein

33 BEHEASAAEHEENHER

FEf g Phe (ug/g) Pro (ng/g) Lle (ng/g) FEIME (ng/g)
1 84.66 86.13 87.63 86.14
2 84.78 85.64 87.85 86.09
3 84.42 85.32 88.53 86.09
4 85.70 85.67 87.82 86.40
5 85.82 85.55 87.51 86.29
6 86.36 86.01 87.08 86.48
7 86.24 86.11 87.42 86.59
8 86.24 86.94 87.49 86.89
9 85.92 85.87 88.18 86.65
PHIME 85.57 85.91 87.72 86.40
RSD/% 0.88 0.55 0.49 0.32

4. WEESROTHEEEE

EAE TR 51 NFOANA 2 P RIR B FIEMRE IEARED A . KRR KPR W
MELARbRIEARC)EEME. 2 TFEITEANESEREGHSE, S8 U T FPEE.

41, SEREEREIRINGTREE 1.0 (P)
HHE AR E BRSO S, AL T AR SRR, (P)=2=0) o,
0 (P) WFRIEMIR OHIALT TR, & MG HT(=2), P RbREIRATE.

o
Phe 2 EFRAEDI LT Urer =0.4%, P=99.8%, Mu,, (P)=%=0.20%; Pro 2 EFRHED LT Ut
X . 0
V)
= 1.5%, P=99.0%, Wu,(P)= %:o.%%; lle ZEREFHEMIRIN Ut = 0.3%, P = 99.7%, I
X U0
w (P)=03% 15y,
2x99.7%

4.2. 7kﬁ$§i$§|)\ﬂ"]$ﬁil§ Urel (PH)

SR N R A 57 2R TR 5 I B A g1 B Xt 10 H $600E e 2% SOl 7T 45 5 15], 18
HAF FRUEARTEE N 1.00%.

43. BRESINOTFBELE u,q (m)
S0 R R ALHE SAA B EIERORREIR . (R bR AR, Foh IR R R A
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SEFETIRRE %, TR PPE SAA FE i SE IR RO ARG I BRI AN E B . FRER A “ R B - IR
B Wb, PR T RIS VRR 2 N20.01 mg, AL AR EH T k=3).

UL Pro SEIEFRAEDI R, BT S () = == ?@—EWMOHQ HXHRUEA

-3
%Eﬁﬁ%A)_izﬁo:0@%,E%W%ﬁﬁ%X%%E%i%ﬁ@ﬁ&%ﬁ,%%EK%

4.4. IEAR LR AR ESMSINNTREE w (4,)
FRIE A W R AT, RERIRAT O AL, 138) 9 MolbhRiC SR R i A
A A, RURELLT ARSI, ()= 2P S0 9 VMBI T AL O

7, A NWERBLLLRFEE, n=9,
2115, Phe MR u,, (4,)=0.42%, Pro XM u,, (4,)=0.25%, He XN u,, (4, )=0.15% -

4.5. ﬁ%ﬁ-gl)\a’gzzﬁi}; Uyel (M)
HHE SAA 1193 F 3 (Cs10Hs00N1340155S4) S 73T (Msaa = 11682.70 g/mol), 1%L N AR THE &M

mmﬁ@m%%§=%AMy7%dizﬁ;?°

e NATEER @ EFNEG w NIeER | AR R E AR A E BEIE TUPAC [EBr 5+ &
R)s M N AI T8 B0 E BN R B SR AEANE E B 73508 C: 12.0107+£0.0008; H: 1.00794
+£0.00007; O: 15.9994 +0.0003; N: 14.00674 +0.00007; S: 32.065 + 0.005.

I, 28, (Mg, )=3.55%107, u,, (M, )=440x10" . u,, (M, )=3.56x10".

(M, )=3.75x107,

4.6. NELERESHSIANTHEE v (Rep)

)2
(n=1)

XF L u,,, (Rep)=0.18% , Phe X Biffu,, (Rep)=0.29%, Ile XS u,, (Rep)=0.17% -

4.7. ERAHEE uru

K =R BB AIE LA B UL T AT GG 05 B =M AR BRI & BT AR A 2
urel (AA) rel (AA)_\/ rel (P) +urel (7J<ﬁq:) +urel (m) rel(A ) +urel (M) +urel (Rep) °© %é@ﬂlz%#‘
RAIETR ) AR R AEANT E FE IR T MEAC 00 SAA TE R4S SRIK & B R E AN 78 2

= \/m (Pro)+u, (Phe)+u’, (Ile) » ¥& AN PRAENTE L w T E R T k (BEME 95%, k
=2), E]]jjU”JE/ RIS BATIEE Urero
ZAF5, Pro ME UHXARAEA & 1
1 (Pro) =[(0.76%)” +(1.00%)" +(0.09%)’ +(0.25%)’ +(0.0036%)" +(0.18%)" =1.30% , [l {5tk
u,, (Phe)=1.14% , u,, (Ile)=1.04% , [HILE(ESE R I0E SRR bR AEAH E BE
=1\/1.3%2+1.14%2+1.o4<%,2 =0.67% , WEAEHT k=2 (BEME 95%), WX RAMELZN
U,, =u,xk=067%x2=134%, &% SAA ZiEENELERTRRA: 86.40 pg/g+1.16 pg/g (k=2).

rel

L 9 KIS IR AL, AT u, (Rep) =+ 57 BT i, pro

LI
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Table 4. Summary of measurement uncertainty for SAA purity

F 4. SAA GENEERNWAREELR

R FRAEAHE L MO FRAEATIE L AR EA T E L AR AR AEAN 2 S

(Phe) (Pro) (Ile) (SAA)

AR E UEFREYIR wre (P) 0.20% 0.76% 0.15% -

IKFRRIEE ret (Ph) 1.00% 1.00% 1.00% -

PRI rer (m) 0.08% 0.09% 0.08% -

W TR LE B S wrer (As) 0.42% 0.25% 0.15% -

T ' ua (M) 0.0044% 0.0036% 0.0038% 0.0036%

585 REEME wrer (Rep) 0.29% 0.18% 0.17% -

B B FRAEAN 5T E et 1.14% 1.30% 1.04%
AHXS Y A E FE Urer (k= 2) 1.34%

5. &g

AR FLENRT SAA AN E BRI K, BN TR T R R R MR R E M i k. R4
AL T SAA JKARSEAE AR 3 43 B9 26 0 RSB G B S 4, 8 1 8 mol/L #hRR/Kf# 40 h iRtk
fif okttt AR SAA SERIKMNFHE AT SRR AR LU B2 BEML, 2 EHETH T Phe. Pro. Ile X
HIFL R A FRI 5 B8 1 s B X 2S B SRS R 1 S 50 B 1 AR i B8 AR S R U
AL TR E E TR, D3 MRHIE R N E BAE, SRS SRS T SAA 4lFE AN E &
ML REFWMRS, HrlEd ZEMr YRR 2 ST E bR AL, e TH R ER . SER T 4T
WIAHA E FEVEAY . RGUIRBIIE R T 2R A . KRR RERZE . WAL EE . 7
TR N 25 R GRS OB T B &, A U bR AEAH € FE N 0.67%, 3 AN E A 1.34%
(k=2), BafRMEL RrnrsErE STt

AITVESRD T AL G G2 i T AR ME LA SAA 265t 52 IR R, N SAA ZHFERrEYI R B & I
PRAGE I 77 5 IR HE Je 9 REAH DG 2 W AR HEAG SR AL T RO RS, BA EEMITHE S R LSRR

FH I

EEMA
JTARA T RS B R R I H (20242203)s T ARAE B HREIRITE (2023A1111120024).
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