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Optimization of Calibration Curve Conditions for Determination of Thymosin

Molecular Weight by Size Exclusion Chromatography

WANG Ji, CUI Ai-yan, HUANG Xue-ying, LI Yu-na*
(Suzhou Sepax Technologies, Ltd., Suzhou 215123, China)

Abstract; During the determination of molecular weight calibration curve of thymosin by size exclu-
sion chromatography(SEC), the acetonitrile ratio in mobile phase performanced significant influence
on not only the retention time of four proteins(e. g. ribonuclease A, human insulin, thymosin a1l and
somatostatin ) , but also the linearity of molecular weight calibration curve. The best linearity was ob-
tained at the ratio of acetonitrile by 75% , with a calibration equation of ¥y = —3. 138 6x +21.724
and a linear correlation coefficient(r”) of 0. 988 5. In that condition, the theoretical plate numbers of
four proteins were between 45 783 and 63 345, tailing factors were between 0. 96 and 1. 18, and res-
olutions were between 3. 52 and 8. 82. The established LC method to determine molecular weight cal-
ibration curve of thymosin by SEC was proved to have excellent separation and good linearity. Thus it
can be used to detect the high molecular weight substance in thymosin preparation.

Key words: size exclusion chromatography; molecular weight calibration curve; thymosin
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864 SRR 3%

(0.05: 10 : 90), WIEAN 0.7 mL/min, KWW %1 BB FRITE 4 FE Q05 FREIN Sl

WK 214 nm, RTTERN BRI A % Table 1 Molecular weight and lgMW of four
7\3“?257]‘, Kl R EIMRE, MEbEZ MW standard proteins of thymosin

= =] 0oy « Bk Protein MW (Da) leMW
fmélii%ﬁﬂ ”E’ﬁiﬁﬁ tE' "im X mﬁéﬂﬁﬁ?iﬁ Ribonuclease A (BRITATRNE A) 13700 4.1367
T, MERshEREN =5 - Human insulin( A5 5% %) 5808  3.7640
ZHE-7K(0.1:35:65), RETZHME Thymosin ol ( BIRRAK ol) 3108 3.4925

B, BB B RER 2 B 1 B, R Somatostatin( 4 KHEBRIHIET) 1638 3.214 3
DEERMARLSAWE ., HITERBER AN X 4 MEK B EMIK, BT AR RI K%
MNER, SHREIRAHERHB,

PRFRHE PR 3 R —F (L & W o F AR KN AT S B AR 3 T v, iR BB 3 o
PR B I ) — B3 FR 2 AR R ANRF TR IR B K, ZEEALRE T, Wia T 5B EH 2 B EHEE
A, e RENEBe2bLSTARRE, E—ENoTRERAN, Y TH-RE&W, XI5 T
EXHEGRENEEMEAR, RAMALHFES IR, FAEECRAEEZINT ™, IBFRHR. B
THF. BAKIERS, SEERERZHESEASNS FENHEESRENAZ ARLERR, A
M TREERNE, AEREXMER, TEISEEERmREER, RERPIESHIE
Aoy 2 FAHEVER , MBS RIRUTRRATEY KRS T 53 B K Zenix f SRT SEC £, KAERERRE
HHFREE—BEY—. FK. UKEER RS 8RR & e AER, RRRRE T SR X & K.
BIRELEY) > THIRM ; SAMECERELAMTE, WL ES HEBRIE, WESEM, RAstm
S5 FF o B 4 2 FERL R R ] 2 (A A ELAE

A SO AR HE RE 2, R B <8 B AR IR 2 T BARHE (BRI A, AR R . BIBRIK a1 AIAERKEE
BEEHIRT) 4> TR ST THI, Wik T W& 4 T 2R HEd 20 2 K m, HxF
TR R R BN S HEAT T AL

1 XWiEks

1.1 {XF5KH

Agilent 1200 AR EIEI; MK FEGERL (HZEZREE A, NRSE, BRIK o 14
KEEBRBAHEFHR, TEALEDFISRER); SRR, EEBERENEZAFETRA
Al), ZRE(faigsh, EE Tedia A7), 2B F/KED Milli-Q #B2E/K K% (£ E Millipore 2 7] ) #l15;
SRT 100(5 pm, 100 A, 7.8 mm x 300 mm) . SRT 150(5 pm, 150 A, 7.8 mm x 300 mm) . Zenix 100
(3 pm, 100 A, 7.8 mm x 300 mm) . Zenix 150(3 pm, 150 A, 7.8 mm x 300 mm) % SEC & Sepax
Technologies 22 &) 7= i o
1.2 @BiEsH

Bi%HE: Zenix 100, Zenix 150, SRT 100, SRT 150 % SEC #; WEh#H: 28 - KIBEBWW, &
0.1% =ZHZM; Hi#E: 0.7 mL/min; KPP K . 214 nm; HE. 25 C; HHFEE. 10 pL,
1.3 tRAEE A BB S

SAAZRELTREE A, NESE, FEK of MAEKEERBRINHEET 4 FEORERSH =HEER -
ZJE -7K(0.1: 35 : 65)BEWBREME, K1 0 g/L EFRER, BX200 wL B HEZEREE A BARVR .
200 pL AJBES R FAREEE ., 400 pL FBRAK ol BAREFAT 100 WL A KBEBRBIHIE FHim s B, |’
5, EADTFEREREER .
1.4 HBEEXE

WA FEBEBSEBRIZ “1.27 FELERE 6 X, WHEEEORERNEK RSD E,
1.5 #HmME

B 5 B AR B od BIFIINFSIAHADR 1. 0 o/L IS, ¥ “1.27 &4EBHTIRE,

112



/T

113

E B UG W TR I R A A 865
2 HR5TE
2.1 @BiEHERIEE

¥ H SRT 100 F#EFREHAHNEEERERS Micd (IRKEBRRERE) KRs)IHE 4t
B =%BaMR - 208 - 7K(0.05 : 10 : 90) XA AEXRIE A, ANEBE ., MIRIK ol . AKBEEBHMEIE
TFAMEARTHE, FREFZFG T4+ HEANSIBXRFAEME, A EAREDH SR E
BT BRRRE 4> FBARMER AT MRSAHLFI =HEER - 285 - K(0.1 : 35 : 65) I, RMABES
AP ARAR ol B IR SR, KRR =B - 2 - K(0.1 : 65 : 35) J5, 4 A%
STFERNPNIFHE, FREBRIFHSBHR, E=FER - L8 -/K(0.1 : 65 : 35)RMHMEEHT,
ELE T SRT 150, SRT 100, Zenix 150, Zenix 100 4 # SEC HX BAR S BB R(ER N K 2), FRE
B, Zenix 100 HIRB MR, KB, HBEREF, B, SFEELRFKA Zenix 100 HAERE—SHI,

&2 AF SEC HERBH4HEASESH
Table 2 Separation parameters of four proteins by different SEC columns
Column Factor Ribonuclease A Human insulin Thymosin al Somatostatin
SRT 100 Plates ( B R R %) 17 988 28 940 32 985 39 216
Tailing(¥ERHEF) 1.26 1.08 0.93 0.99
Resolution * ( 25 &) 4.55 1.71 5.04
SRT 150 Plates 10 215 16 232 18 260 23 281
Tailing 1.35 1.05 0.92 0.97
Resolution 5.20 1.73 3.22
Zenix 100 Plates 31 765 47 376 51797 61 672
Tailing 1.21 1. 00 0.91 0.96
Resolution 7.69 2.48 6.48
Zenix 150 Plates 12 651 36 582 41213 50 175
Tailing 1.79 1.38 1.32 1.36
Resolution 6.38 2.61 4.53
* the resolution between two neighboring components
2.3
2.2 FENEX 4 MERRBEITAIME
a6l B A 35% .
49% 1 75% ZAF K 4 # & HFE Zenix 100
R B O MR LE 1, %% RA SR R
JO2F) UG 7y ) B L B AR RERE R N, BT il 4 NE
501, 493 H b 4 Z B L 35% I, |
ST RRKNER SR RTET MR ol l | ‘ i
e = |
U 2420 A6 o 40 2 T 49% | O T 1 O O 6| N
Hﬂ‘, Eﬂ%ﬂj‘ al ﬂéﬂA%%%ﬂéié; %E )It {‘7 IJi[s (!‘ Ill} E‘\!' ﬁl [llfll II4

B 75% B OLT, 4 FEBER
S FER/ADIFFK K H I,

4 T B 7E Zenix 100 H:_E K% B 1 [a]
BEIRSNAE H 2 LGB 1 AR Ak T R AR AR 4L
(RFE3), BT 35% ~ 65% TuH
W, BEECERFIMRS, 4 HEQNR

1/ min

&/ man

{# min

B1 4FEOEZERBISEN 35% (A) . 49% (B)Fl
75% (C) ¥BH# ) HPLC 3 &
Fig. 1 HPLC profiles of four proteins under 35% (A), 49% (B)
and 75% (C) of ACN in mobile phase

1. ribonuclease A, 2. human insulin, 3. thymosin al, 4. somatostatin

B RER, HPERBIBEBRMEIEFMABRSROREN B TREERANE, LHLAE
65% ~85% VLI P, 4 P HHIRE BT AL B ARBER, HF MR ol BIR B AR BE Z A5 Lo B3R =

%2 _ETHE,
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Table 3 Retention times of four proteins under different ACN proportion

Retention time /min

ACN ¢/%

Ribonuclease A Human insulin Thymosin al Somatostatin
35 9.268 12. 602 11. 558 14. 964
49 8.777 10. 740 10. 740 12. 569
65 8.581 10. 040 10. 444 11. 596
70 8.597 10. 038 10. 550 11.552
73 8. 605 10. 057 10. 634 11. 549
74 8.623 10. 094 10. 688 11. 576
75 8. 636 10. 106 10. 724 11.584
76 8. 665 10. 148 10. 784 11. 622
78 8. 664 10.182 10. 862 11. 643
80 8. 645 10. 187 10.913 11. 653
85 8. 604 10. 157 10. 984 11. 543

BRI A RBRIK ol 123K B 0 15,
B, LB REE A L BT Bk
B0, BRAK ol S5Hrh A KB AR Asp - —4— Thmosina

Mo, Hy, K2 HEHES SEC BlEE  : K\\Mu\H‘
EEEROEKERR LS, REENAZES - iih%*::;FUﬂ“‘“

Hih Z I Ee S A N (B 2) o T AR o as

O—0-gn C0—0C

—B— Ribonuclease A
=O=Human insulin

—&— Thymosina |

BEMNEKBERBIHETRAF —2HAKME SRR e ol e o
MEE, EKMERBINHIE TS FEHTE #

BE2ANER, NESESFHUEE—-NRPR 0 40 50 a0 70 80 90
KU Hitk, XBHEAASSEEME EMNE AR

SRR R R R RUKIER, A7 LR HHIR B2 WshAT 2B REIx 4 R B OR B A R
=1 0pon -] , 555 B 18] T e BA B (& 2), W Fig.2 Effect of ace‘tonit‘rile proportion in‘ mobile phase on
AL ) 27, 8 L 8 75 B , BEL5 SEC B retention time of four proteins
B IR K R A B, BRISL R B Z A LI R R KRB R, LB RFRNELT,
HIRAE ol HOR BB R BE £ S LU B3 In 2 A%, KPR S HEMAREAR R, MR ol ZEKH
AR AEB P RZRENTR, MEATHREREL TR YR o BIREGH, EHZHERE
/AN, DT S AR 0 A AR BH €5 3 o f) £ B W 1)
2.3 RHEM S TFEREHZLEXRBTZMN

B LFELBIRT 49% B, 4 FE H7E Zenix 100 SEC A L3z FEA/PMIFH K, HIL, &K
FEERTA4MEOERHERTFHLTRLERR, R4 Fn, BLEWEIKR 65% , BT T
BREFERAXRL 7 =0.976 9, BEZIBHWHRRRE, HXRKERGES, ETRWHH 75%
I, MRXRRLIEBIHEAMHE(0.9885), M)E, MXARLMEIRUARRFTZEMES, HIZREWEA
75% B, B TENE(y) ERENE (x) ZHKNEEXREE, 2 TERESTEN y= -3.138 62 +
21.724, FEZRMANAHEZM T, 4 ME L Zenix 100 HE LS BERRLSAFHR, HERBREAE
45783 ~63 345 Z ], HERHEFAE0.96~1.18 Z ], SFBEAE3.52~8.82 Z (WK S5),

R4 DRZFEHBIRSIET RS TERES R

Table 4 Molecular weight calibration equation by various ratios of acetonitrile in mobile phase

ACN . . Correlation coefficient ACN o . Correlation coefficient
Calibration equation Calibration equation
@/% (*) p/% )
35 y= —5.346 5x +31. 623 0.791 9 75 y= —3.138 6x +21. 724 0.988 5
49 y= =3.771 7x +24. 480 0.918 6 76 y= -3.154 6x +21. 825 0.988 1
65 y= —3.127 2% +21. 585 0.976 9 78 y= —3.194 0x +22. 002 0.986 4
70 y= -3.105 9x +21. 527 0.9859 80 y= -3.239 5x +22. 180 0.985 2
73 y= —3.119 0x +21. 601 0.988 3 85 y=—3.210 3x +22. 046 0.975 5

74 y= —3.135 2x +21. 695 0.988 0
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2.4 HBEELE

LRSI AR - 28 -/K(0.1:75: £S5 75% LEWAIREIMET 4 HEARAIESI RS
25) B, EAAENETE, ZEEREA. AES Table 5 Separation parameters of four proteins under
= BBRAE ol A KSR B R AR A 75% of acetonitrile in mobile phase
N a 3 \ Y TR
Retention Tailin,
W2 (n = 6) 48 B4 0.28% . 0.35% . 0.14% Compound "% Plaies "™ Realution”
ﬂ] 0.07% , Ribonuclease A 8.64 45 783 1.18 8. 82
=N Human insulin 10. 11 55 648 1.01
2.5 HmlE Thymosin ol .72 s6887 0.96 2

A AT NEENT KAE~RKEN Somatostatin 11.58 63345 0.97 72
FMBRIGEAT T EBME S FEDFTNE. WHE . the resolution between two neighboring components
3N, EEIFIEESEH 3 MAS, HEmAT
B, KPS MBRK ol 5 34.6% , HALH# 25
ESEB BN 35. 1% A1 11. 4% , 47 B8 B 1) 276 i i
BK @l ZJ5, RIS H 0 b A 75 B AR AK ol Z A
45, BARSHTERT 10 kD M4 TBY |
. Bl & RS PR IR % R & 55 ) !\ | |

Thymosin e |

%m%o I | R ',”__,.'\ v
3 g:E _\Le 0 5 10 Fir.‘-mi“]{l 25 30 35
2R S I 3 A AR BEL 53 vk T R AR AR 2 T B3 A SR B VB A i

ﬁ‘ﬁ?ﬁfﬁ]?ﬁ%ﬁ%, WS T PR B0 4 44 54 52 16 Fig.3 Liquid chromatogram of thymosin preperation
Hm, FESMARELT —MBAEEDTIE, RITEX 4 ARk T BAREER A8 2 BRI
7, SRS EME R R, BARFMERE. RUEMw RS, K, %07 708 kG
FRERNTTERE REFRNANE, THTRERKSEN Y R TEYRIRN, UERERRSTES
ot 5&As&EBRNE,

BE M :

[1] LowTL, Thurman G B, McAdoo M, McClure J, Rossio J L, Naylor P H, Goldstein A L. J. Biol. Chem. , 1979,
254(3) ; 981 - 986.

[2] ChenS, MaB L. Chin. J. Hospital Pharm. (&, BGAR. HEERZAS%AE), 2001, 21(10) . 617 -618.

[3] Chien RN, Liaw YF, Chen T C, Yeh C T, Sheen I S. Hepatology, 1998, 27(5) . 1383 —1387.

[4] Zatz M M, Oliver J, Goldstein A L, Novak C, Jacobs R P. Thymus, 1984, 6(4): 205 -218.

[5] WS1-XG -042 —2000 —2003. Quality Standard of Thymopeptides Solution. National Drug Standards of State Food and
Drug Administration ( M IR IKVEBUR BARAE. B K& 26 B R E R i) .

[6] YuS L. HPLC Method and Its Application. 2nd ed. Beijing; Chemical Industry Press( T AR, OB &% HE Kk
R, dbx: A2k HIARALR) , 2000 144 - 146.

[7] HanD, Ye ML, Shi LH. Chin. J. Chromatogr. (8%, MER, HEM. i), 1995, 13(6): 432 -436.

[8] Barth HG, Boyes B E, Jackson C. Anal. Chem. , 1998, 70; 251 -278.

[9] Harms AV, Van Elteren J T, Claessens H A. J. Chromatogr. A, 1996, 755(2): 219 -225.

[10] Koné¥ M, Moy T M, Rogers M E, Shuliz A R, Ward T G, Mcgrath J E. J. Polym. Sci. Part B: Polym. Phys. , 1995,
33(10) ; 1429 —1439.

[11] Golovchenko N P, Kataeva I A, Akimenko V K. J. Chromatogr. A, 1992, 591(1). 121 —128.

[12] Wlodawer A, Sjoelin L. Biochemistry, 1983, 22(11) . 2720 -2728.

[13] HanX, GuJ, Yuan Q L, Gan Y R. Chin. J. Pharm. (%%, BE, K2, H—W +EHEHITIVRE),
2004, 35(6): 335 -337.

[14] Derewenda U, Derewenda Z, Dodson G G, Hubbard R E, Korber F. Br. Med. Bull. , 1989, 45(1): 4 —18.

[15] Grottesi A, Sette M, Palamara A T, Rotilio G, Garaci E, Paci M. Peptides, 1998, 19(10); 1731 -1738.





