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Ark R FoM TR E aFort ik E b ITAATE W XA 5~ 50mg/L R EE B M e AE X R H3 KT 0.9996, Al
A 040~ 1.09mg/L, &34 1.22~331mg/L, A3 4rE4% £ (RSD) AT 8.10%, #f & inis ek &4 F
91.92% ~ 111.11%, KA ZF kxR #IT o H)E, BFH MC-ICP-MS 247 4 22 )5 64 4 & 24 4748 Fl 45 Z 0
., ARME-FE o R 4G A R G MR MAE R A MRS R TR, EAALE TG R AMM T EE a Fert ik
Z oS BRBETHRALE, A0 BHSTAFEREENZ,

KGR RS A AE-HRREME, SRRMEELE; A TR Ea; TELD

E:Y=g

(1) HPLC EZiXF ¥, RahAa ¥ & B Ao F 82 69 )L vt 2 X 5 B AR M R EL A4,

(2) 2 T vHF 4RI, HPLC 9 8 . RS EM T 8% %,

Q) B =AW KSR ZMM Y, "HEF a ERMEAMEH R Trigd b 94 R Z 1A,

FRESES: 0657.63 HEFRIRAD: A

BERMYLFEEFRICE RS, R R AR R 0 BEER g
FAIIE 347 2 SRR R R R R R RA R R e R A RN L0 i
T 0 R R N R o MR b T MR B R R BRI SR A K B B B
M2 b AR I o I RIOETE, BIhmE RIS L g s R b B 1 A B R
2o WIOLRE 0 L MR o LIRSS, R LA o AR b EEIR (i 240
S SBEM IR £ RE SR 1 BE G IR DG AR WA Y OLA1E Rk . g2 4 R4

i BHA: 2022-08-30; f&E BHR: 2024-01-31; #EZFHHEE: 2024-02-20

E£WB: ERARBEESIH (42373061, 41890845)

E—EE: T, WLBRA, ERNFHIRAEY S 05, E-mail: 202021424@stumail.nwu.edu.cn.
BEMEE: WHR, WL, #8, FENFESERERM RIS . E-mail: hkj@nwu.edu.cn.

— 476 —


https://doi.org/10.15898/j.ykcs.202208300161
https://doi.org/10.15898/j.ykcs.202208300161
mailto:202021424@stumail.nwu.edu.cn
mailto:hkj@nwu.edu.cn

53 4

LT, 4. FTF HPLC 1 MC-ICP-MS [HAT Y I-23 268 ) (o7 25 i

543 4%

fitt). BREEAE AL OGRS 25 KR 2, M4 3R BE ) o
RO A EE AR E L

5% 4 2288 A R A IR LB, 5 2293 B8 1D
B SR 2R ) BE R 228, 1 H AT SRR A ik
AELEAR R . WS 57 B 7 7k 3 247 DEAE-
Sepharose A il /=5 24 & AH {538 (HPLC) Wi #f . Black
4 L13-14) 52 1 DEAE-Sepharose ¥ 43 85 T 3 2% 4
2 oa. Y EE o FIMERER b, HiX 5 55 B4
FAERT RS, Hor B IR i 5 52 PR 5 B S 52
DRI, FERT B G | AR 4T i) HPLC #3825 T
Sy B £ {0 HPLC i AAEFERT K . R T
S S W N K S 1 K A b ) ST
HPLC Z3 BS54 i, AT e 5 — AN ] LU 3 R TR B 51
VER i SR IE At . R IR o0 B3 20 o i M o
GRS 2 5, (A AL AT AE IS A IR E A [R], SEBE
XPREROAYES . Ra %5 115 HPLC 438 T Bt 4t
2 a MM EK b, Uiz LR AEHAERT R A fb 28 K,
ELE IS 20 B R R IR S A (2R 40
#E I 3% 30min. Pokharel 2§ 107 Isaji 55 7
HPLC 43 B A 4 22 A0 it A7 1 2lidk, M2 e i
RPN MRER b, TR %I IREE R T
-4 43 895 Wrobel 45 1) ] HPLC 43 8 #4914
FJa HllE 1T 4E o WEERIN R AH, ANEixh
PoERE A R B 4R b L5 1, FTEH TR
L R ER AL R D E 1 i 4% R 43 8 5 i v, DEAE-
Sepharose #FERT K H. 5 5 51, HPLC gl / il 2 i
SR b BERINI R B, By B s = ik
R T TS SEREERRES . HI,
R IXF LR o MM b B R 5, 75 2T
R—E B SR Nk, I RIEZ Iy idE T8
R 28 o

ARSCHEN, T —FPid o0 B4 R o FInF4REE b
) HPLC Fik. ZHHI AW, Sexi iyt gk R it
FHEE, PRl o IE 2R IR b HPLC S804, DI
PR R FR A R | S (RSD). AL IR
WISCRIEAIZ T IR R T St . SR 5 M O it
LR FAE AT AT R S, A 2 AR oh B A A
B FARTEL (MC-ICP-MS) X S HEA TEE [V K 7
B, EBZ 3 B 5 v TR Rl 28 A

1 s
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15 B UL (TG16K Y, 3E [# ThermoFisher 23
A)): HFaifbit 4%
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M 2R
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BERI R AE.
1.2 FERH

LR HRERL . 3B ATt PR E o Fint
LEF b bRUERE S (BEEERT 95%, S5 Merck /A 1);
Skl (Rgst, it [ 254 B4R BRA /)
R (i ati, 1022 s (e RHE A R A D); 2
BE (€0 1% &b, b 22 50 RAE AL BB A BR A A s
PRI (e i, b9 [ 24 42 Ak Al A BRA ) o

28 22 0 8 TR 42 28 Wi A BT a5 o AL A
(3 [H ThermoFisher /A F)); fiMfA . ZURIR . $h1R (h
afi, 11 258 A A 2E R BRA 7))
1.3 SEFES

IKAE RN T KA R b = R pu A L1, ELER
e AR Y (15 AR R S AL A
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(W R DN AR Y- ¥ a7 S LSS
0.001mol/L) 7K 35 A /K R Al £ K, B = R #—IK
EIFRW, MRS 50 KRG ISR . PRt
EZANFLME R ) S 2 kA e 22
DL K R AR ORAE o FEGRAE P B, Sl Hg it
TR, FEHCE T-30°C &0 F g e
Jer S A BRI AR S AL H KRS R K A R
AT
1.4 FHIE
1.4.1  MEREEAYHEER

(1) MEER AL

MR R AR TR 408, ReffL 2% Z oK g
A BRI 2 822 T N AR AR U R
B 20T S AR (R A BB R I R - 2
RSB HE IBOR B —-30°C 1200 e B A S A
Pk O FRAEBUR K AE g 24h,

AL ORI 2.5g M0 # A TS5
B BRI AR R BB A 275 @i i o R A
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FEUN 24h, FEL A3 33 8 ke 0 S AR U ok oK
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(2) MER R4t
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Py AR 2R, B IE O BE RS U v (g 2R R LU
Elaifent g A T

A IRANTR . O B P - SR iA T (20 ¢ 1,
VIV B ) 1) A BT P R O AR A T
(5mol/L) H-IR 21 @Q¥An 32mL 1F & ke, 8 & ik &
2~3 Ik, 1 4°C, 6000r/min 214 F B .L> Smin J5 I 4E
ek L BB LHELE ZREEEOFNIECK

1 WERRDEAFIERIARBIHS4ER

HHTG f; ORFUCEE B IE O be RS BB O e, ek
ZEOEBE-30°C R UREFE 2h, TR
B 2mL IF ORI 557 (R O ISR S Ak el 5
UUUE); DIE CBEA B MR AUR T, 5 4 2%
UUUEET 1.5mL INERIERS E 5. XHRE 4> 20T,
CIEIRRAT T—30°C BIRE .
142 MR HTr B AR

SRR — T4 B R R A TSR] A HPLC 5
o, ASCI SR A HPLC A D15 SR HIE
SEARBTEIR TR IR . T A =R Z
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Table 1  Designs and results of orthogonal test on chlorophyll separation conditions.
R R 2 BTG 25 R
ESCIREAS AR B i CWiEn M5k WFERE o FINTGRE b
(C) (mL/min) (4] £ B4 B 5] (min) e
C1: F BEE- P
1 Al1:25 B1:0.8 (90 : 10) 22.08 6.22
C2:HEE-TN R
2 Al:25 B2:1.0 (80 : 20 13.34 4.60
C3: I BE- TN
3 Al:25 B3:1.2 (70 : 30) 8.53 3.19
C2:HEE-T R
4 A2:30 B1:0.8 (80 : 20) 15.16 4.85
C3: - R
5 A2:30 B2:1.0 (70 30) 9.44 3.51
C1:HFE-TH R
6 A2:30 B3:1.2 (90 : 10) 13.42 4.99
C3: TP -
7 A3:35 B1:0.8 (70 30) 10.93 3.49
C1:H - P e
8 A3:35 B2:1.0 (90 : 10) 14.77 5.40
C2: P - R
9 A3:35 B3:1.2 (80 : 20) 9.37 4.47
T 14.01 14.56 16.61
T, 13.35 13.51 13.92
N o FINFEREE b f; 13.36 12.65 10.19
Sy zl 4.67 4.85 5.54
T» 4.45 4.50 4.64
Ts 4.45 4.22 3.40
R 0.22 0.63 2.14
T, 43.95 48.17 50.27
T, 38.02 37.55 37.87
W o f; 35.07 31.32 28.90
(R zl 14.65 16.06 16.76
T» 12.67 12.52 12.62
Ts 11.69 10.44 9.63
R 2.96 5.62 7.13

e TARREEEAMEACFIIRS R, TAVRSLRARACF, MBEIEET 7k, RO R R W2z,
RSP EICPHE S /N2 22, RS, RIZHZ SR A ASE K
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(R difh (55 I 2 25 A9 TR R Y PV 45 V) T L BAVAR,
AR AL T 22 BR AT AL, A P i 40T R 2 T £
22 L0 R T R R, 0 I TS ik
X HEAT TRy B alifl . A SO Bao %5 1300 JF
BT, WAL RERK T TR, B
6mol/L £ AR50, IR A Imol/L fil§
iR A1 0.5mol/L IR KRR . Bk, 8. BT . b
HEE T R 4ad 4lifb s, FIFH MC-ICP-MS 5 £ 5
BE A A . ML 0.4pg/mL 1 GSB H %

RS, (554 5~ 8V, R G5 N 107V,

" MgCo)= [ ("M M)/ (‘Mg *Mg)psys—1 11000
RIS, Horh X 03 25 5 26, DSM3 (L £
BRARRE .
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2.1 HPLC IERIABFaHIZI TS

HPLC 1EACIR S 1 A B &l 1 froR, 1~ 9 4
AR AT KR 1~ 9 Sk, ROy RFIES
IR0 H 2 = R A5 g ) 2 S 5022 IR K, ok
B I ARG S — UK IE RIS 8 (0 3 RV T 1

MR S0 5 2L, AR SLHNG 2R R o PR BA B[R]
M2R 3R a FIMFSRER b 1953 B BEAE R 1E 350 1 1 56
Febno FES A ERES] H PG A o5 i I 2 A A fa]
o rg ki 20 a1 AR AT, fE LIRS
RIS, MR o BRI R T4 b, I
MR a (R BT POE TR s, 7
HPLC J7EH, J3 85 B2 S WOAR SR PRI 4 5373 B AR B (1Y)

b5, RO, BLRIWIZEH M B i b L2

WRYEZE VIFBEE R, B 1R 1 SRS
JE (6.22) Fok, H 43 o FInFER 3 b i I 22
BeK [RVHRL, 7643 B B fe/ M) 3 S5 ] (3.19) Hh, H

ST T A e-BE A IR A BL R @ AR b TR
0.05 F—— 0.05 F—— 0.05 F——
S 004 |17 IR a S 004 |27 M4 a = 004 |3 |MEEa
< < <
< 003t < 003t < 003 b onpg
4 i
= 00t "R b ST E 00t %
= 001 | = 001 | g 001 |
0 0 : 0 :
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IR 1] (min) R RST [H] (min) IR ] (min)
0.05 0.05 F 0.05
S 004 17 ESS S 004 | S 004 [0 UESS
< < <
= 0.03 | = 0.03 = 0.03
fff 002 | MEED ffil 0.02 it ﬁ 0.02 | MEED
4& 001 | 4& 001 | 4z 001 |
0 v r 0 r T 0 A T
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R UAEIRF 7] (min) R UAEIRF 7] (min) R UAEIRF 7] (min)
0.05 F_ 5 0.05 Fo 5 0.05 o
S 004 |7 M4 4 S 004 57 G2 g 5004 07
% 0.03 | o % 0.03 | o % 14 a
g2
o 002 b ubgE b o 002 ¢ MR b o
4z 001 | 4z 001 | i
0 h n 0 T : :
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B MR a A ERIR K A E
Fig. 1 Chromatograms of orthogonal test for chlorophyll separation conditions.
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AR SCHR VA € 3 A S B fof R O, 6 H T 5%
M) HPLC iR 505 bR i =N s 1728, BV . s
TLBhAH . B 1AL S AR a BRIl =
AR [ AR BOLHE), CARLsit) |, #h2E R
KEVMEIR R C. B ARE, HIMEE C X4
a PR EA BRI R e K o [RIBE, FESE I 4 a
IR b B = A FE 22 R ARF/N
WKWH CLBL A, FTIHZE C 4¢3 o Fint
LR b oy BRI MR . UL, s A
M) HPLC iaf RO EEL N E
2.2 HPLC Jjixfahs

ARSCBHHNBIG P LU 7 k46w
iy 1 T 2B HPLC 1217280 (WL 1.42719) &6
CIE
221 ZMER

FHDI R f 22 3 a FIFER 2 b bRUERE S, BT
5. 10, 20, 25, 30, 40, 50mg/L MRS PRAER T,
PR AT MRS 2 A AT I, SEAE Ll S0pL.
DA S 22 ik B SRy o AR b, LA 0 i R 7 R A A
AT T GER BRI ERE a SR E b bRl R
LRAE [0 5 R4 B y=115888x+9504 FlI y=27570x—
1302, A 5& R %043 %1 A 1.0000 F1 0.9996, & B i%
HPLC J7 kR 850t %2 5 ~ 50mg/L ik & 5 N 1)
MR R
222 AIRR AN E R

R b ] 2 B ) A s S, 36 7 {1 i 2 A
7 il 2k LR, 430l PL A 20 LOD=3.36/S Al LOQ=
106/S TR FR A E R, AU 6 bR £
Pl pbriiin s, S AndEMZe i, 45 2 BF
7N, F¢BHIZ HPLC J7 I BEAG I H - 4p R & Ik
e
223 KEE

T A RN = o 17 B A 0 vl e B Y b7
PRUEE RS 6 D AT REEAT I . DL 2.2.1 1519
SRR I Ty R TR I S U B, R AR
a PSR 2 b e S5 000 () AH 6 BR o I 22 (RSD), 4N
22 3 R, 45 1 W13% HPLC J7 vk T il 5 i -4 &%

4 FEAIARIMIECE

Table 4 Spiked recoveries of the samples.

BB AR, RURE % AT
2.2.4  FEFIIBR EE

FRAE 1.3 151 1.4.1 35 19 7 I 3R AS KRG AN oK
() 2 ZR R i, R A TSR S ) HPLC ) 5 Hovk
o UM SR ER B E AR KRS RN KRR R A T 0
A3 A INEC ) A 5 R o P2 R b bR ARV IR, T
TEFE &, R TR SO InAR DR . Sk 4 fr
IR (FE P EURE R FUINbR R B A T AR 2R A ),
SR 2% AURESL AR [BIISCRAE 91.92% ~ 111.11% [X [A],
VLI HPLC J5 ik AT 5, Sl e .
2.3 WS RNEFRN R

13¢5 AT, AR S50 i Vi KR ot B [ 7 22
TEIE LN, SR 2 45 A — 5 99 %
A ity AT T i AL R R 32 B BA B 15 U . JE i
JR AN Z B BE R 2 AL ) — TRl R (& 2) mf
L, A FE AL TRER R 0.5214 B EZ |, 3]
FIT AT RE S BE TR 3 249 43 T bk A 377

2 TR MR SR

Table 2 Detection limit and quantification limit of the method.

, J5 B R ke R R
I 34 " -
(mg/L) (mg/L)
4% a 0.40 1.22
MaRE b 1.09 3.31
3 HEREE
Table 3 Precision of the method.
, RSD
eSSl e (mg/L)
(%)
9.00 8.79 9.09 9.04 9.16 8.44 2.99
445 a 16.86 16.31 16.07 14.44 17.58 1494  7.32
3538 35.49 3231 3547 34.06 3562  3.79
8.86 8.12 8.50 8.02 8.82 7.79 5.30
2% b 1533 14.71 14.11 1271 1545 13.05  8.10

36.24 36.16 33.35 36.00 34.92 36.78 3.51

HUREiE | bR

MR | MR R 7 YEEME (ng) REG AR IR (%)

(ng) | (pg)
M4t E a 2.11 2.50
e b 0.82 0.99
£ a 1.88 2.19
MERER b 0.48 0.66

4.80 4.82 487 482 478 487 4.81 | 107.60 108.40 110.40 108.40 106.80 110.40 108.00
1.80 1.73 1.83 1.74 1.87 1.88 1.92 | 98.99 91.92 102.02 92.93 106.06 107.07 111.11

4.09 421 426 422 424 423 426 | 10091 106.39 108.68 106.85 107.76 107.31 108.68
1.14 1.12 1.16 1.21 1.19 1.17 1.18 | 100.00 96.97 103.03 110.61 107.58 104.55 106.06

TG

ESS
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5 ARTHGREBERIN R (A S SORRRIE E RN b

Table 5 Comparison of magnesium isotope values in this experiment and reported values in literatures.

R A RS S]] FF 5"Mg(%o) 2SD(%o0) 5 Mg(%o) 2SD(%o) n Bk
1 -0.78 0.05 —0.41 0.02 3 AR
17K K 2 -0.84 0.11 —-0.42 0.09 4 [35]
3 -0.83 0.05 / / 3 [36]
K 4% a 4 -0.40 0.07 -0.22 0.06 3 AR
MH4R%E b 5 -0.88 0.07 -0.48 0.05 3 AR
Tk 4% a 6 1.69 0.13 0.87 0.04 3 AR
i MH4R%E b 7 —0.64 0.06 -0.34 0.03 3 AR
K HEE q 8 ~0.414 0.12 -0.21 0.08 5 [11]
e 9 —0.440 0.19 —0.22 0.14 5 [11]
Tk HEE q 10 2.16 0.16 L12 0.12 5 [11]
o 11 2.75 0.20 1.56 0.16 5 [11]
R g 12 ~0.022 0.119 ~0.027 0.095 4 [14]
— o 13 0.014 0.029 —0.012 0.022 1 [14]
W b 14 —0.455 0.090 -0.262 0.074 4 [14]
- 15 ~0.380 0.029 —0.232 0.026 1 [14]
1.00 X L N .
- KRR Asf 1], 2 i i SR R AR RCR, MR R o (B i [B) B
H R a ) N N — N
KN4 b /ME . AP 2RER o (R BT PEE FebrxT 2% 1 4K
g 00| $EAiEE. HEEATT A 5MHT, IR I3 A X5 B IR, 14
S V ERMGFE b ' ' ’
2 * K # B Ml C iy B8, IR E$E A1B3C3. A2B3C3,
en — N A = N —] A
Z  of A3B3C3 NI AT A AT AL . [ BH, S FEAR
)
3=0.5214x-0.0107 SEG it R P S o PSR b [RIAOAH EL 52, O
050 | 20,9999 R R A5y B UK A, NI A TR
100 0 100 2,00 VT2 5 R K, B LA Al 56 AIBICL, A2BICI,

0 Mgpsys(%o)

B2 HEREFES RIS BRI 3R1H
Fig.2 Magnesium isotope values of chlorophyll and seawater

samples.

P ] 2 AT, ARSI G B -k 2R B (R4 2R
5 Black %5 UM Bk = ALY 2 o IR
b YL [ Z {1 . Wrobel 25 11 52 Rk = R pY
Y2 o WEE R =AM —2%, Bk =A%)
MR R o BRI R R T4 3R b BYEERIN 2R 1H,
TR VAR 4 2 o POBE RIS 2R (E K Tl — AP 2%
K a WEERN R, ARELRHHE IS FM, kIUEY)
42 o EERIA REW K TR b iEE (7
EXI-1

3 iig
3.1 HPLC iafT&8uEH

ASCHET HPLC LI EH8 4r, X Hiz2 175
HEATOR L, AR AT B L TR R M ik o i 5

"
I

A3BICI VE AR BT A5
SEHRIES RS 2350 WA S
R r)semm R 255 /0, AR SCREAK I SL 30 45 SR AR A &
BURMITE . ST AR E a MIMSRE b 05
JE, W2 a LR R I IR ) B AR BN — 2L, T AR
PRI IR EFR bR, M4t R o FInF4RE b
(R 43 B85 185 L R 2R 35 o R P R[] P52 i 81 2R DA R )
/Nl CLBL A, FTPARE C M E B 2 mif e
e EE AR TR E o (RER
[ Py S5 0 214 B3C3 50 4t 3 a PP K b 4y
B BICT, NI R A i 2 S5,
k£ B2C2 /£ HPLC [ A shAHE 172514 -
TR 5 M VE A R AR 0 /N R T L S A A IR
AEFFTE 10 ~ 30°C A M TIHERE b 0 vt
Al fER HPLC MR B 7451 . eah, HiE 11 2
SOTEEI A FILE A1B2C2 S5/ TSR E o P43
b BESEHE Y B . 45 BTk, HPLC SE 450 E iR
25°C, Wit ImL/min, 3 Z7AH HEE- IR (80 = 20, V1),
Oy SRR (3 FERERTZY 1 5min, T R SCER T B
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3.2 HPLC JjikfaREm

FERfE HPLC AN I S BUREIR, & M4 R
IR AE 2R S5 48R HPLC 5k BB vl 58, brife
LR AR O R BT 1, Ho 58 th S T 4,
ARSI o M2 AH OC RBCR T 0.9996, K WL 4%
RE VA 00 1 AH 7 e B2 91 T PN A B, e L S AT
T Ao il 2R L 13 AR e R R
d I 2 i B3GR R S R BRBRAIR,, X
AR RE A LA K M S it 0 AT 1 B AR  RE , EB
JIEEST AT T iy . HERE a FIRTFEREE b AR R
2y B4 0.40mg/L Al 1.09mg/L, & H B 4 5 N
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Determination of Magnesium Isotopic Composition of Plant Chlorophylls
Based on HPLC and MC-ICP-MS

AN Zihan', ZHANG Hongyu', YIN Jiaxin'?, ZHANG Pan', YAO Min', HUANG Kangjun"
(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069,
China;
2. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, China)

HIGHLIGHTS

(1) In the HPLC orthogonal test, the ratio of acetone and methanol in mobile phase is the most important parameter
affecting the chlorophyll separation effect.

(2) A method for chlorophyll extraction, HPLC separation, and magnesium isotope determination is established.

(3) The magnesium isotope values of chlorophyll a were higher than those of chlorophyll 4 in both C3 and C4
photosynthetic pathway plants.

ABSTRACT: The accurate determination of magnesium isotope values of chlorophyll a and chlorophyll b is
particularly important for the study of magnesium biosynthesis pathways during chlorophyll formation. HPLC is
required before MC-ICP-MS can be utilized, but HPLC lacks a method for separating chlorophylls. Therefore, it is
necessary to develop a set of methods for separating plant chlorophyll a and chlorophyll . The samples separated
by this method are suitable for magnesium isotope determination by MC-ICP-MS. Based on the detection
wavelength of 665nm and C18 column (7.6mmx250mm, 5pm), the HPLC conditions were optimized by three-factor
and three-level orthogonal design to obtain the required parameters. The correlation coefficients of chlorophyll a
and chlorophyll b standard curves in the concentration range of 5—50mg/L were greater than 0.9996, the detection
limits were 0.40—1.09mg/L, the quantification limits were 1.22—3.31mg/L, the relative standard deviation was less
than 8.10%, and the recoveries were 91.92%—111.11%. The magnesium isotope data of the isolated samples also
showed that the column temperature of 25°C, flow rate of ImL/min, and methanol-acetone (80 : 20, V/¥) mobile
phase were reliable as HPLC separation conditions. The method established in this paper provides technical support
for the separation of chlorophyll a and chlorophyll b in plants, and the separated samples can be used for magnesium
isotope determination. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.
15898/j.ykes.202208300161.

KEY WORDS: magnesium isotope; standard-sample-bracketing method; high performance liquid chromatography;
mobile phase; chlorophyll a; chlorophyll b

BRIEF REPORT

Significance: Chlorophylls in plants can be divided into chlorophyll @ and chlorophyll 4!, Magnesium is the
central atom of chlorophylls, and isotopic fractionation occurs in the synthesis process of the two chlorophylls!'”.
The determination of magnesium isotopes of chlorophyll a and chlorophyll » can be used to explore the utilization

of magnesium in the growth process of plants''"!

and the biosynthesis path of magnesium in the formation of
chlorophylls!'?. Therefore, the accurate determination of magnesium isotope composition is of great significance to
further study the fractionation mechanism of magnesium isotope in chlorophyll synthesis. The separation of
chlorophyll @ and chlorophyll b in plants is the first step to determine the magnesium isotope values of chlorophylls.
At present, the separation methods of chlorophylls before the determination of magnesium isotopes of chlorophylls
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mainly include DEAE-Sepharose column and high-performance liquid chromatography (HPLC). However, DEAE-
Sepharose columns are time-consuming and vulnerable, and HPLC lacks a separation method suitable for
magnesium isotope determination of chlorophyll A!'"'*'71 Therefore, a separation method suitable for the
determination of magnesium isotopes of chlorophyll a and chlorophyll  can be developed based on HPLC.
Methods: Before the separation of chlorophylls by HPLC, it is necessary to extract chlorophylls from plants, which
can be further divided into extraction and purification steps of chlorophylls. The extraction process was divided into
the following steps: First, the liquid nitrogen was mixed with the leaves and ground into powder; Then methanol
was added and extracted 3 times at —30°C for 24h each time. The purification process was divided into the following
steps: sodium chloride solution (5mol/L) was added to the methanol extract and mixed; n-hexane centrifugation was
added, n-hexane solution was collected, and the process was repeated many times until the n-hexane phase was
colorless; Finally, the collected n-hexane solution was blown dry, dissolved in acetone and stored at —30°C.

After the extraction of the chlorophylls from the plant, a HPLC method for the separation of chlorophyll a and

chlorophyll b was developed. According to the previous application of HPLC!-'*!7]

, an orthogonal test was used to
explore the effects of column temperature, flow rate and mobile phase on plant chlorophyll separation. Three
different conditions were selected for each factor to design the orthogonal test table (Table 1). The mixed standard
samples of chlorophyll a and b were separated according to Table 1. Each group of experiments was repeated 3
times and the average values of required data were taken for analysis. The detection wavelength of 665nm was used
to determine the chlorophylls. According to the experimental requirements, HPLC parameters were selected to test
the effectiveness of the HPLC method. Chlorophyll a and chlorophyll & in the samples were then separated using
this HPLC method.

After the chlorophyll samples were separated, their magnesium isotope values were determined. Firstly,
magnesium ions were obtained by destroying organic matter of the samples with wet chemical digestion®**"), then
the method developed by Bao et al.*” was used to purify the magnesium element, and finally the magnesium

isotope values of the samples">"!

were determined by sample-standard-bracketing based on MC-ICP-MS.

Data and Results: The retention time of chlorophyll a and the separation degree of chlorophyll a and chlorophyll b
were taken as the test indexes of the orthogonal test (Table 1). By comparing the range R corresponding to each
factor under each test index, the influence degree of each factor on the experimental method was determined, and the
HPLC operating conditions meeting the requirements were selected. It can be seen from Table 1 that factors
affecting the separation degree of chlorophyll a and chlorophyll 5 and the retention time of chlorophyll a are all
factors C (mobile phase), B (flow rate) and A (temperature) from the largest to the smallest.

After the optimized HPLC operating conditions were obtained through orthogonal experiments, the linear
range, detection limit, quantification limit, method precision and sample recovery rate were used to evaluate whether
the improved HPLC method could meet the experimental requirements. In the concentration range of 5—50mg/L, the
linear regression equations of the standard curves of chlorophyll a and chlorophyll 4 were y=115888x+9504 and
y=27570x-1302, and the correlation coefficients were 1.0000 and 0.9996, respectively. The detection limits of
chlorophyll a and chlorophyll b were 0.40mg/L and 1.09mg/L, and the quantification limits were 1.22mg/L and
3.31mg/L, respectively (Table 2). The relative standard deviations of chlorophyll a and chlorophyll b were less than
8.10% (Table 3). The recoveries of chlorophyll a and chlorophyll b ranged from 100.91% to 110.40% and 91.92%
to 111.11%, respectively.

After confirming that the optimized HPLC method met the experimental requirements of chlorophyll
separation, the magnesium isotope values of the samples were determined to further verify the proposed method.
The isotope values of the seawater measured in this experiment were within the normal range. In the three-isotope
diagram composed of magnesium isotopes of seawater and chlorophylls (Fig.2), most samples were located on a
straight line with a slope of 0.5214.
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