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Amino acid analysis using a general high-performance liquid chromatograph (HPLC).

Jun YAGI, Tomohiro IGARASHI and Takayuki KATAYAMA
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In this study, we examined an analysis method for amino acids using a general HPLC, a substitute for an automated

amino acid analyzer. The HPLC method was based on an automated pre-column-derivatization using a functional

autosampler with OPA (o-phthaldialdehyde) and FMOC (9-Fluorenylmethyl chloroformate) as derivatization reagents. The

HPLC method produced good calibration curves for 17 amino acids that constitute proteins with the same level of linearity

as those by the automated amino acid analyzer. For measured values of amino acids in commercial alcoholic beverages,

hydrolysates of yeast and peptone by the HPLC method were almost the same as those with the automated amino acid

analyzer. Furthermore, even for hydrolysates generated with methanesulfonic acid (MSA) or sodium hydroxide (NaOH), the

HPLC method showed similar trends in measured amino acid values with the automated amino acid analyzer. The results

above suggest that the HPLC method has an equivalent analysis ability using the automated amino acid analyzer in amino

acids analysis.
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Scheme 1  Reaction formula of OPA and FMOC derivatization reagent
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Table 1 Mobile phase switching condition for Automated Amino Acid (AA)

Analyzer

Time (min:sec) Solution Type Product code
00:00 - 02:01 Sodium Citrate Buffer (pH 3.15) H-01
02:01 - 06:48 Sodium Citrate Buffer (pH 3.20) H-02
06:48 - 26:01 Sodium Citrate Buffer (pH 4.25) H-03
26:01 - 40:00 Sodium Citrate Buffer (pH 9.70) H-04
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2.3.2 FAHPLC

T : HPLC T1260 Infinity Series] (Agilent Technologies)
Fd— " 77 [GI36TE| Z¥HfE L=t D.
T R A A= RT LA fiiER TG4212B)

MR 0.0 min~10.4 min : AIEKE 338 nm - xFHRHEE 390
nm (OPA THHEEML SN 1T I/ BIAXSR) —
10.4 min~25.0 min : JFEP R 262 nm - KT R 324
nm (FMOC CTHHEMLEI N 28T I/ BEDSKTHR)

BT A : Poroshell EC-C-18 3.0 X100 mm 2.7um
(Agilent Technologies)

#— R717 I : Poroshell EC-C-18 3.0 X5 mm 2.7um
(Agilent Technologies)

717 JRE - 40°C (THIR)

ERSME : Table 2 (2R TI@Y .

b : 0.85 mL/min

HEA/NT A—H . LED Supplemental information (27379,

Table 2 Mobile phase gradient condition for General HPLC

Time (min) Mobile phase A (%) Mobile phase B(%)
0.00 - 1.50 96 4
1.50 - 3.50 Gradient
3.50 88.5 | 1.5
3.50—14.50 Gradient
14.50 20 | 80
14.50 - 15.50 Gradient
15.50 - 18.00 0 100
18.00 - 20.00 96 4
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243 TI/BERETILI-LERHORR

FABT Z A2, 7T BERT V2 —/UKEH 30.0 mL £
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Bieoh, NIRRT U 2 5.0 mL ANz TS, 045
pm AT LT 4 A —THB LIz DEREE LTz,
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50mL %, 045 pum AL T L7 4 L2 —THEB LIS DL
e L.
245 B - RT LU OEBEMKS R ROIHS
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Fig. 1 Chromatogram of Automated AA Analyzer : Standard amino acids solution (About 400 p mol/uL)
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Table 3 Comparison of Coefficient of determination (R?) in calibration curves LA HPLC OBIERE RN SE SN BEROBRTERIL, 27T

b h amino acid o
about each amino act DT 3 K LT 0.9998~1.0000 T V), Hlfi i O E R

Amino acid name | Amino acia |-Coeeent of determination (X ER U, T BBTER Y Bl LT bBEAC, MEORER
abbreviation | " alyzer | Oeneral HPLC B COERATTHETHD L EX DD,

L- Asparagine Asp 0.9987 0.9998

L- Threonine Thr 0.9982 1.0000 33 FI/BERATILI-ISHNOEERRICK SMEEEDLE

L-Serine ___ Ser 09989 09999 243 THIBL L7 RIEIZ DU T, Tl CHITE L7284 Table 4

= g:;t;nme‘c Acd g;s e o AT FEROERIMEIE LI L D5, FEHL,

L- Alanine Ala 0.9983 1.0000 R TENMEE o7

L- Cysteine Cys 0.9946 1.0000

L- Valine Val 0.9982 1.0000 Table 4 Comparison of amino acid amounts and relative standard deviation in

L- Methionine Met 0.9964 0.9999 the alcoholic beverage containing amino acid

L- Isoleucine Tle 0.9972 1.0000 Aufgﬁﬁ;‘;‘i rAA General HPLC

L- Leucine Leu 09972 1.0000 Amount of Gly (ng/Sample I mL) 14.66 14.61

L- Tyrosine Iyr 09968 1.0000 Relative standard deviation (%) 0.45 0.47

L- Phenylalanine Phe 0.9976 1.0000

L- Histidine His 0.9945 0.9999

L- Lysine Lys 0.9992 0.9996 34 WET I/ BRAROBERRICE T 5MEEDLE

L- Arginine Arg 0.9949 1.0000 244 THBUTERET X BAAIRIZ OV T, miZEE CHIE L7

L- Proline Pro 0.9993 0.9998 fER% Table S IR L, —ffil & L CE— /VEERORRE2E S T 712

L7 D% Fig. 3 1ZR7.

Table 5 Comparison of amino acids composition analyzed by Automated AA Analyzer and General HPLC (Free amino acid)

Sample | Hydrolysis Analysis Composition of amino acids (%)
name Type system Asp: Thri Ser ! Glu: Glyi Ala: Cys: Val . Met: Ile | Leu; Tyr: Phe ! Hisi Lys: Arg . Pro
Beer Avtometed AA | 334 | 149 180 1681 5.57 1625 450 | 304 | 145 | 178 202 325 276 590 508 2114 383
Yeast Free AA nalyzer

General HPLC | 4.07 ' 0.90 | 1.67 1941 7.81 {1827 045330 1.02 130 1.88 258 1.95 395 413 22.83 449
Bread Aug’m?"dAA 1.88 270 278 14348 156 11.541 173 1478 125 1841 1.64 251 215 467 451 8451252
Yeast Free AA nayzer

General HPLC | 1.81  5.80 | 2.27 151.831 1.74 {11.30, 0.25 | 3.81 | 079 157  1.73 1.75 | 1.58 | 274 | 2.65  7.10 129
Meat A“E;’meltedAA 356 3471298 645 494 660  0.67 452 207 531 743 344 855 497 1034 2415 055
Pootone | Free AA nalyzer
P General HPLC | 3.46 ' 332 1325 1 827 1 5341 7.09 1 0.36 | 521 | 1.70  4.09 | 8.87 i 259 | 7.38 | 2.24 {11.88:23.97 1.00
Sovbean A“i’m?edAA 3.60 393 539 578 653 438 159 220 227 1.04 1230 589 772 819 937 19.36 047
Peytone Free AA nalyzer
P General HPLC | 1.82  3.17 | 637 | 7.14 | 7.07 1 523 | 1.11 | 244 224 141 1579 472 6.09 | 325 11.11,21.02  0.03

%k “AA” means “Amino Acid”
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Fig. 3 Comparison bar graph of Free amino acids composition of Beer Yeast
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Table 6 Comparison of amino acids composition analyzed by Automated AA Analyzer and General HPLC (HCI hydrolysis)

Sample | Hydrolysis Analysis Composition of amino acids (%)
name Type System Aspi Thri Ser; Glu; Gly  Ala: Cys: Val | Met; Ile | Leu; Tyr: Phe ! His: Lys | Arg . Pro
Hel | Autometed AA g 31 s 03 486 1244 561 7.60 018 599 189 485 774 446 484 456 929 909 224
Beer hydro- Analyzer
Yeast lysis | General HPLC [10.86 5.12 527 1493 524 729 064 621 153 477  7.54 380 466 324 835 7.87  2.66
Hel | Autometed AA T g o403 445 1568 549 | 665 065 612 176 492 7.88 456 485 405 924 757  2.09
Bread hydro- Analyzer
Yeast lysis | General HPLC [10.54 1 5.15 | 4.92 119.34} 493 | 6.11 046 6.11 144 1 476  7.60 | 3.79 | 457 1 3.00 | 840 i 6.36 i 2.51
Hel | Autometed AA | g0 315 347 1047 2008 793 | 0.08 351 199 251 396 222 323 508 689 1063 581
Meat hydro- Analyzer
Peptone | - oS | General HPLC | 7.52 | 247 | 3.70 1424 2242 900 175 342 L11 213 417 080 251 152 552 965 805
Autometed AA
Soybean hgﬁL Amlygcr | 110 40 149 171 55 47 06 48 13 44 79 |45 50 37 73104 27
Peptone |~ oS | General HPLC | 124 40 | 53 206 48 43 06 48 10 43 74 38 47 32 68 87 34
<
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Fig. 4 Comparison bar graph of HCI Hydrolysis amino acids composition of Beer Yeast
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Table 7 Comparison of amino acids composition analyzed by Automated AA Analyzer and General HPLC (MSA hydrolysis)

Sample | Hydrolysis Analysis Composition of amino acids (%)

name Type System Asp: Thri Ser ! Glui Gly | Ala: Cys: Val{ Meti Ile | Leui Tyr | Phe ! His | Lys Argi Pro

Beer HCI A“ﬁ;’m‘ftedAA 991 510 542 1328 553  7.69 0.05 503 207 402 7.17 436 4.73 472 953 i 8.89 i 2.49
hydro- nalyzer

Yeast lysis | General HPLC |11.36| 4.78 577 15451 511 | 774 062 544 12091384 | 738 415468 322821 738 279
Hel | Autometed AA g 51 408 S0l 1655 543 673 011 | 506 176 412 752 437 475 500 948 7.08 224

Bread hydro- Analyzer

Yeast lysis | General HPLC |11.13} 481 536 19.96 491 648 056 527 | 1.76 | 3.86 | 7.50 3.97 | 456 | 2.93 | 843 | 586  2.64

Neat Hel | Autometed AA Y 635 318 388 10.99 2046 818 0.16 3.50 151 230 403 211 330 470 701 1107 7.26
hydro- Analyzer

Peptone | ioGs | General HPLC | 7.94 | 2.73 | 406 | 13.57 19.84 891 180 320 144 219 424 216 300 230 585 971 7.5
Hel | Autometed AA 1y 3t 400 500 1855 5.40 | 463 0.58 402 145 334 733 452 478 476 771 998 | 261

Soybean hydro- Analyzer

Peptone | “iis | General HPLC [ 12,93 3.86 | 5.51 12239 473 | 446 045 388 138 3.19 740 414 457 3.17 675 836 283

Table 8 Comparison of amino acids composition analyzed by Automated AA Analyzer and General HPLC (NaOH hydrolysis)

Sample | Hydrolysis Analysis Composition of amino acids (%)

name Type System Asp | Thr | Ser | Glu | Gly | Ala | Cys | Val | Met | lle | Leu | Tyr | Phe | His | Lys | Arg | Pro

. Hel | Autometed AAL 1y o315 4e 413 116,57 1137 13.15 055 | 259 | 238 | 138 | 531 564 523 559 793 156 293
hydro- Analyzer

Yeast lysis | General HPLC |15.16 137 | 4.61 120.32 11.89 13.65: 196  1.72 159 ; 1.00 595 : 407 i 4.19 | 0.85 7.79 | 0.74 | 3.12

Bread HCl | Autometed AA 16591 550 | 402 121,93 11.04 1 10.67 0.64 | 266 | 244 | 135 | 525 548 498 493 841 138 202
hydro- Analyzer

Yeast lysis | General HPLC [13.77! 1.17 | 437 127.49 10.76 10.82 2.07 | 1.60 | 1.66 | 1.03 | 5.65  3.90 | 3.87 | 0.82 7.80 | 0.66 | 2.57

Meat HCI A”fgmetedAA 345 206 335 14.62 32.09 13.10 024 : 273 | 1.31 155 445 131 3.66 159 6.69 @ 0.53 7.8
hydro- nalyzer

Peptone | “ivgis | General HPLC | 8.19 | 173 470 1524 2869 11.51 2.82 | 0.88 084 | 126 415 115 268 032 614 024 946

Sovb Hel | Autometed AA Ly ) 300 669 2115 923 | 688 | 137 222 188 | 161 | 854 564 565 269 827 088 245

ybean hydro- Analyzer

Peptone | “jvgis | General HPLC | 1445 211 750 25.16 846 662 199 125 130  L17 859 419 506 061 7.96 074 284
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Fig.5 Comparison bar graph of amino acids composition of Beer Yeast hydrolyzed with different 3-way methods by General HPLC

4. = O

WH HPLC 2 W=7 L 5 AEREERIKIET, 72A0E < Bk
T BODE 17 NG 7R DR AVEIRIC OV T, IRREN S
R E CRIET 2FETHREBEREZIER L, 7 I/ BRoHrsh CIEK
LB L OB A T2 25, MEBLLETOT I /B
IZBWTRWVIRERMZ FFORERIE L, EERKEIRR%T
HD LWyl E, TAa—AKETOT I BEEE
ZEBLIZEZA, MEEEORRIT—ELT.

WIZ, BERER O R AZHWT, TRENOWERET S BB
OMEER NN FRERTE 2 I E LT, & O H, 2 TORKICZBNT,
WEEEN S/ ONDET I/ BRI —E L. 2oz b
25, WHHPLCIZ K-> CTT XV BAOtEt L RIfREDT I/ By
MR FRETH DL EEZEZHND.

Rk E BROC, IR TA X v ALK U IER L OUKERE
TRV U LKBERIC L DIMAKSREFERL, L= 25, B
FENK R E A B 2 RV CEBK FEOFEFITIZIE— L, [
REOEWSHNARETH -T2, UL, KEMET bY ¥ L0k
R, Mo ZIRLEAD EARAICERRH Y, EESITICH
WAIZITEE L RN Z ERghoTz.

Supplemental information.

Injection program for HPLC

Dip the injection needle in pure water vial for cleaning.
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Draw 2.5 pL from borate vial (p/n 5061-3339).

Dip the injection needle in pure water vial for cleaning.
Draw 0.5 pL from sample vial.

Mix 3.0 pL in wash port five times.

Dip the injection needle in pure water vial for cleaning.
Draw 0.5 pLL from OPA vial (p/n 5016-3335).

Mix 3.5 pL in wash port five times.

Dip the injection needle in pure water vial for cleaning.
Draw 0.25 puL from FMOC vial (p/n 5016-3337).

Dip the injection needle in acetonitrile vial for cleaning.
Mix 3.75 pL in wash port 20 times.

Wait 0.1 minutes.

Dip the injection needle in pure water vial for cleaning.
Draw 10.0 pL from injection diluent vial.

Mix 13.75 pL in wash port five times.

Wait 1.0 minute.

Inject.

Wait 0.1 minutes.

Valve bypass.
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