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SUMMARY 

Tnmethylsilyl derrvatives of protem ammo acids were separated by hrgh-reso- 
lutron gas chromatography on three fused-s&a cap&try columns, coated with SE- 
54, SP-2100 and Carbowav 20M, respectrvely Kovats’ retention indices were also 
calculated by usmg n-alkanes as standards and tabulated Excellent reproducrbihty of 
the index values were obtained The usefulness of the method m actual ammo acid 
analysis of peptrdes and proteins was demonstrated by analyzing the HCl-hydrol- 
yzate of lysozyme 

IUTRODUCTIOU 

Durmg the past two decades, a great deal of effort has been made to analyze 
ammo acids by gas chromatography (GC) Ammo acids, however, must be denva- 
tized pnor to their GC analysis. About 100 different derivatization methods have 
been suggested and successfully used for this purpose’” Zomzely et al s Introduced 
the N-tnfluoroacetyl (N-TFA) n-butyl esters as a possible derivative later. Kaiser et 
aI_’ extensively investigated these derivatives for the GC analysis of ammo acids 
Many other N-acyl alkyl ester derivatives have also been utrhzed for the same pur- 
pose+r3 The use of thiohydantom denvatrves m GC has been reported, especially for 
the sequence analysis of peptides 14*r5_ Tnmethylsdylatron IS another derivatlzdtion 
method, which was mtrodaced by Riihlmann and Giesecker6. Several authors have 
used this method for the GC analysis of ammo acids utihzmg vanous silylation 
reagents’7-‘3 

Most of the papers listed above have reported separations usmg conventronal 
packed columns GC with capillary columns, however, offers great advantages over 
GC wuh packed columns’*-” Thrs technique has also been applied to GC analysis of 
ammo acids7 g 1*-13 r5 28-3x Several revrew artrcles have appeared dealing with GC of 
ammo acids’ 3 l5 3L-3a_ 

fn this paper, we descnbe the GC Kovats’ retention mdrces3’ of trimethylsily- 
lated amino acids on three fused-srhca capillary c01umns~~ coated with SE-54. SP- 
2100 and Carbowax 2OM, respectively 
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.4 HevvIett-Packard Model 58SOA microprocessor-controlled gas chromato- 
graph (Hewlett-Packard, Avondale. PA, US A ) equtpped with a flame ionization 
detector was used_ The mjection port and detector were mamtained at 250-C. Injec- 
tions were made manually. Helium was used as the carrier gas for all separatrons at 
an mlet pressure of 75 hPa. The spht r&o was I -lOO_ The followmg three fused-sthca 
capillary columns (wall-coated open tubular) (Hewlett-Pdckard) were used (each 12 
m x 02mmID.): 

(1) SE-54 (5 7: phenyl, 1 “/, vmyl, methyl stlicone gum: stloxane deactrvated) 
The measured effictency wds ~a_ NO0 theorettcal plates per meter based on the pcnta- 
decane peak at 120°C (capacity factor, x-’ = 6 16; linear velocrty F = 39.9 cm/set)_ 
“Trennzahl‘- (TZ) betlveen tetradecane and pcnradccane was 23 3 The rdtto of 2,6- 
dtmethylphenol (DMP) to 2,6-dtmethylamlme (DMA) wds 1.00 

(2) SP-2100 (methyl slhcone fluid, Carbowax 20M dedctlkdted) The measured 
efficiency was ca. 4400 plates per meter based on the pentadecane peak at 130°C (k 
= 6-58; p = 33.3 cm/xc). TZ was 20 0 The ratio of DMP to DMA was 1 00 

(3) Carbowau 20M (polyethylene glycol, Carbowaau ZOlM dedcttvated) The 
measured effictency was LU 5000 theorettcal plates per meter. based on the penta- 
decane peak at IOO’C (k’ = 255; & = 33.4 cm/set). TZ was 18.7. 

Jiaierials 

Amino acids were purchased from Vega Btochemicals (Tucson, AZ, U S A ) 
Lysozyme was obtained from Sigma (St LOUIS, MO, U S A.). Brs(trnnethylsrlyl)- 
tnfluoroacetamide (BSTFA), acetonitrrie and constant-borlmg HCl were purchased 
from Pierce (Rockford, IL, U S A ) n-Aikanes were from Supelco (Bellefonte, PA, 
USA_)_ 

Trinzetllj Isi(~ lation 

A sample of LQ 1 mg of each amino acid was placed in a PTFE-capped hypo- 
veal (Pierce) and trrmethylstlyldted wtth 0.4 ml of d mtrture of BSTFA and dcetom- 
tnle ( 1 :I) by heating for 45 mm at 140 C. 

A sample of ca. 10 mg of the nat:ve protem was hydrolyzed wtth 0 6 ml of 
constant-boiling HCl in evacuated and sealed tubes at 110°C for 24 h. After hydrol- 
ysis samples were dried in wcuo and then trimethylstlylated as above 

RESULTS AND DISCUSSIONft 

The Kovats‘ retention index system3’ has generally been accepted as the best 
wdy to charactenze the retentton hehabxor of chromatographtcally separated com- 

* Cenam commmal eqrupment, umruments or mater&s are Idenafied m this paper m order ad- 
equzttel~ to spemf> the expenmentat procedure Such ~denuficauon does not rmpl_v recommendation or 
endorsement by the Nauoti Bureau of Standards. nor does IC unply that the matend or equipment 
ldeohfied arc II eassady the best avadzble for the purpose 

* Abbrewaaons for amino aids follow IUPAC-IUB recommendaaons [see Budem_ _I_ 126 (IQ73 
7731 CIO, eg , represents an n-al!cane wxth ten carbon atoms pC corresponds to prcocoulomb (see t%g- 
!?-I 
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pounds _ 3i-3g in most cases, n-alkanes dre used m GC ds standards for this purpose 
In the present work, we separated trzmethylszlylated protern ammo acids by 

GC on three fused-szhca capillary columns and also determmed the Kovdts’ IndIces of 
these compounds using rz-alkanes wzth dn even number of carbon atoms as stdndards 
rz-Altanes were added to orrgmal samples przor to zqectzon The gas holdup tzme was 
determmed by usmg methane, l%hzch was qected together with the sample Two 
szhcone statzonary phases, SE-54 dnd SP-2100, and one polar statzondry phase. Car- 
bowax 201&l (see ref 40 for 1McReynolds constants of these phases), were used for 
separdtzon of ammo acrds and determmatzon of thezr retentron mdea values Idedlly, 
symmetrical peak shapes hake to be obtdmed for precise determmdtron of Kovdts’ 
mdrces The Carbowa\30M column. houeler. dzd not prolrlde symmetrzcdl pedbs for 
Al the mmo acids Some of them partlculdrly those with long retentzon times. 
yzelded tarhng peaks Despite thus fact, retention mdlces of all the dmmo acids were 
also determmed on thus polar column m order to protIde sufficzent confidence m the 
IdentIficdtzon by mdtchmg retentzon mdlces The use of columns of different polanty 
greatly increases the usefulness of the retentzon mdev system for identzficdtzon pur- 
poses O\erIoddmg of the columns was nkozded, because It cduses Ieddmg peak 
shapes, and the posmon of the peak md\lmum shafts resultmg in Incorrect Index 
\ dlues 

Accordmg to definmon. KoLdts‘ Indices dre determmed dt constdnt tempera- 
ture In thus paper. we have determmed the retentzon mdrces of ammo dads mamly at 
constant temperature_ It IS however, lmposszble to determine the mdev values of dll 
the dmmo dclds In cl smgle run df d certam constdnt temperature. becduse of the large 
dzfferences m thezr retention tzmes Thus. zndel values \\ere determmed dt different 
constdnt temperatures correspondmg to d reasonable retentzon tzme for IndnrduJ 
dmmo dclds dnd dn acceptable resolution Retention mdrces obtdmed by usmg d 
temperature program were also gtxen 

MaJor error sources m retention Index determmatxons Are Incorrect tempera- 

ture mez,uremc _s dnd Inaccurate measurement of the retention tzmeb In this paper. 
the oken temperdture wds control!ed b) d m!croprocessor Retention times were dko 
measured by the mzcroprocessor which reported these kdlues to the nearest 0 001 
mu?’ Iqectzons \%ere made mdnudlly Medn retention mde\ values and standard 
devldtzons were calculated from dt Iedst ten medsurements As the results below show, 
excellent reproduczbllzty wds obtamed, partlcularlq on SE-54 and SP-2100 columns 

Separaf torzs and Km aI \ tndic e5 
On SE-54 coiunz~z Four dzfferent temperatures, 85°C lZO”C, 150°C and 19O”C, 

were used for measurement of the retentzon mdev values of all the ammo aczds on thzs 
column_ Chromatograms obtamed at these temperatures are gzven m Figs l-4, respec- 
tzkely Fzg. 5 shows the separation of all the ammo acids m a smgle run by usmg a 
temperature progrdm 

Fogs 14 also Include tz-alkanes used for calculation of index values 1Me.m 
Index values and standard devzatzons obtamed from at least ten measurements are 
gzven zn Table I, All the ammo aczds gave symmetrical peaks on thus column, provzd- 
rng accurate determmatzon of the mdev values Standard devldtlons varymg from 
0 03 to 0 12 dependzng on mdzvzdual compounds were achieved. Temperature pro- 
_aammmg yzelded shghtly hzgher standard devzatzons for some ammo acids 
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Fig.. I_ Separation of some tnmethyIs.lylated ammo ands Column, fused-s&a SE-54,12 m x 0 2 
I D ; tcmpraturc 85°C For other column details sa Experimental_ 
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Fig 3 Separation of some tnmethylsrl~lated ammo acids CSAumn det& as rn Fig I except temperature 
ISO’C 

Fig. 4 scpaSac!orr of some trimethy!silyIated asmao a&s. Column detads as m Fig I except temperature 

1SWC_ 
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Fig. 5 Sepamtlon of tnmethylsdylatexi zmmo a&s Column detads as In Fig 1 except temperature 
pro_mecl at &C/mm from 70°C to 17O’C. then at ST/mm from 170-C to 25O’C 

TAEXLE I 

KOVtiTS’ INDICES (Z) (MEAN f STANDARD DEVIATION) OF AMINO ACIDS ON SE-54 
COLbMN 

-0 Zwc 
acrd 

Z 13pc Z 1wc I IWC Temp program 

(fig s/ 

Ala 111027 2 007 111933 i_ 007 

Vd I77777 2 005 1234so f 0 05 

Leu 128756 _L 006 129965 _c 007 

h0 130419 zoos 131604 sL_ 0 10 

Ile 130925 * 003 132060 + 007 
GlY 1316 87 = 005 132S830 = 0 06 
ser 13S823 = 004 1388 61 + 005 
Thr 140411 _L 005 1416 30 2 0 07 
wzl 1467.67 + 0 09 147989 _L 0 Ii 
Met 1531 10 _L 004 154158_LOO6 
ASP 154389 2004 155709 + 006 
CYS 157431 = 0 07 158037 i_ 006 
Phe 1635.10 2 009 164006-t_013 

kg 163881 = 0 10 164683i_OO6 
Glu 1647OS& 007 165551 f 009 
Asn 1662s t: O-11 1671-72 & 0 IO 
Asn 1697-85 _L 0 06 1707BS 2 006 
Gin 1762_35 I_ 0 11 177499_LOll 

z 179437 - + 0 11 1800 l&58 24 -- _L o-17 

His 1942.25 2 0.10 194181 + 0 11 1947 08 _L 0 08 
Lys 194743 2 a12 1941.81 f 0.11 195297 * 0.09 
Tyr 196008 _L 006 I95922 f 0 05 196436 k 007 

-kJ 331231 5 010 223562 A 020 
- Cys-cys -2327_19 + 009 233295 go 17 
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Asn and Gln gave two peaks aue to trtmethylstlylatton to drfferent extents’3 
(Frs_ 2, 3 and 5) Three peaks of Arg (F ~g 5) correspond to tts decomposttton 
products The thud peak represents omtthme The other two dccomposttton products 
were not Identified. 

ON SF-2100 coi~trr~ SP-2100 1s a methyl silicone phase whose polarity IS 
shghtly less than that of SE-54 (ref. 40) 

Retention mdices obtained on this column are gtven m Table Ii Ftgs 6-9 show 
the actual separations at different temperatures Separation of all the ammo acrds 
using a temperature program IS demonstrated m Fig 10 These chromatograms also 
show the positions of n-alkanes used for index calculations 

The elution order of the ammo acids IS the same as that on the SE-54 column, 

with one exception. Tyr elutes earher than Lys (compare Figs 3 and 8, and Ftgs 5 
and 10) On this column, Lys IS completely separated from HIS wrth a drfference of La_ 

37 mdex umts at 150°C (Fig 8 and Table II), whereas SE-54 column does not gtve a 
complete separatron of these ammo acids (FI g. 3 and Table I)_ On the other hand, a 
better separatton of Tyr from Lys was obtamed on SE-54 (ca 13 mdex umts rersus ca 

4 index umts at 150°C Tables I and II, respecttveIy, compare also Ftgs 3 and 8). 
Two compounds, Trp and Cys-Cys , gave somewhat broad peaks on SP-2100 

column (Figs. 9 and 10) All the other ammo actds are represented by symmetrical 
peaks. A repeatabthty of 0 04-O. 15 index units was achteved for most ammo actds on 
this column (Table II) l&her standard deviattons were obtained only for HIS, Trp 
(both 0 28) and Cys-Cys (1 00) This IS probably due to the fact that these compounds 

:0 
TIME Imsni 

Fig. 6 Separauon of some tnmethyl&fated am1110 ands Column, fused-s&a SP-2100 12 m x 0 2 mm 
I D ; temperature 90-C For other column de& see E..penmental 
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5 10 
TIME hml 

Fig. 7. Separahon of some trimeth~kilylated ammo aads_ Column detads as m Fig. 6 exozpt temperature 

_ 
tb :5 0 

TIME tnd 
TlWEtnaJ ’ 

Fig- S_ Separation of some tnmethyMy?ated ammo aads. Co!umn detads as in Fig. 6 except temperature 

Fig 9. Separaion of some trimethylsi!yIated amino acids Coim~ detads as iu Fig- 6 except temperat= 
2lYtYe 
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1 t 
0 10 

TtHE knml 
;0 

Fig_ 10 Sepatat~on of tnmethykllylated ammo acds_ Column &ads as m Fig 6 except temperature 
programmed at 6’C/mm from 8WC to 25O’C 

TABLE II 

KOV.&TS INDICES (r) (MEAN + STANDARD DEVIATION) OF AMINO ACIDS ON SP-2100 
COLU,MN 

Ala 
Val 
Leu 
pro 
He 

W 
ser 
l-hr 

Arg 
Met 

Asp 
CYS 
Phe 
Gltl 
Asn 
Asn 
GItl 
Gin 
HIS 

TYr 
LYS 
TW 
CyscyS 

110611 = 009 
122560+007 
1281s5 I_ 005 
12%99 5 005 
1306 52 2 oa6 
1315 85 + 004 
138395~011 

1400 
1448 37 &- 0 15 
1516-78 I 008 
1531 51 + 007 
IS63 23 + 0 10 
1622.47 + 007 
16343 ” 0 15 
1664I21006 
168055 f 005 
X77365=007 
178482 + O-15 

1400 
14s 46 * 007 
15184s 2 006 
IRS I6 f. 00s 
156244 to07 
162482 -+ 005 
16?&.94O 2 007 
166O_i3 + Of@ 
1676 14 f 0.13 
176g_75 _L 009 
178034 f O-14 
191660 + 028 
1949.42 + 009 
195389 t_ 007 

111337 & 0_20 
122937 = 013 
1294-37 * 008 
130831 & 0 14 
1316 34 + 005 
132630 2 020 
138344 & ow 
141167+-014 
145s22 + 003 
152751 = 0 13 
154712_LO07 
157122 = 005 
1624.42 + O(18 
164234 5 0 10 

1674.29 + 0.17 
1689-41 5 0 11 
X776-96 1_ 0 10 
1784.27 _L 006 

192105 2 0.13 192038 * O-IO 
195038 T 008 195420 + 003 
1950 38 x 00s 195835_LO14 
2218 50 f 0_28 2208 39 I_ 027 
2314.22 t_ I 00 2320 37 & o-41 
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0 ; 
TIME trm-4 

:o Is 
Fig_ i I. SepamtIoa of some tnmethylul~lated ammo a&s_ Column, fused-sdxa Carbowx 20&l 
0 2 mm I D, temperature 75°C For other column detads see Expertmental 

12 m x 

I 

0 4 I'0 
TIME hnl 

Fis 12 Separauon of some triinetiiykiiyylated ammo 
vlEgl3iT_ - 

%. 
Eg. 13. Skparauon of some tiimethylsil&ed ammo 
tuel&Qx_ _ ^_ 

a&s Column details as m Fig. 11 except tempera- 

0 5 
TIME [mm)- 

Column detatls as III Fig. i 1 rxxpc tempera- 
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FIN 14 Separation of some tnmethylsd~lated ammo rclds Column detads AS m FI,~ 11 except tempera- 
ture 200-c 

TABLE 111 

KOVATS‘ INDlCES (I) (MEAN _t STANDARD DEVIATION) OF AMINO ACIDS ON CARBO- 
WAX 2OM COLUMN 

Antmo I75 c 

actd 

Ala 1206 10 = 0 10 
\a1 1289 71 5 0 07 
Leu 135s 58 _L 0 12 
GUY 136490 + 003 
Ile 136955 ” 005 
Pro 139661 ” 007 
Thr 146926 ~009 
Ser 147609 5 006 
Asn 1653 32 & 0 15 
ASP 1683 85 & 0 I4 
CYS 1703 19 ~fr 006 
b 172672 5 020 
Met 174100 = 0 16 
GIII 175661 5 03s 
Ghl is00 
Phe 186365 i 0 11 1863 83 L 007 
J&s 1971 52 5 0 16 194421 * 0.10 
Astt 2028 71 t_ 0 13 
Tw 2151 59 _L 0 15 
Gin 216540 5 020 
HIS 229385 + 091 
CYs-cYS 253721 + 078 
Trp 254852 ” 026 
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99 

15 Scparanon of some trimcthyhilyiated amino aads. Column daails as in Fig_ i 1 exqt tempera- 
:urc programmed at s^C/min from iOX to 200°C 
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10 15 20 
Armmt 1 Pmd 

Linearity of the detector response for Ser Column detalIs as m Fig 5 

ylelded broad and talhng peaks on this column. Standard devlatlons were shghtly 
higher for some amino acids when temperature programmmg was used. 

On Curbo~cas 20151. As expected, thrs highly polar column has a totally dif- 
ferent selectivity from the other two columns toward tnmethylsllyl (TMS) derlvatrves 
of amino acids as Fogs II-14 and Table III clearly demonstrate The majonty of the 
ammo actds gave “tatlmg” peaks. As mentloned above, symmetrical peaks are re- 
qumzd for accurate determmatlon of mdev talues. Nevertheless, Index values of the 
ammo acids separated on this column were also calculated and tabulated (Table III) 

17C 

Fig_ IS Separation of the HCLhydrolytate of Iysozyme Column detads as m Fig. 1 except temperature 
programmed at 4”C/mm from 7O’C to 22°C 
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An additional column with a different polarity and selectiWy can, of course, be very 
useful for identificatton purposes Standard devlatlons were higher on thus column 
than those on SE-54 and SP-2100 columns_ Fig. 15 shows the separatron of some 
aino acids using a temperature pro-mm 

The method described here provides a hrgh sensltivlty. Fig. 16 shows the sepa- 
ration of six ammo acids at the h&est sensltlvlty setting of the detector_ Each peak 
represents ca_ 0.6 pmol of dn ammo acid. A signal-to-noise ratio of 2 (minimum 
detection limit) corresponds to La_ 0-l pmol. Detector response for all ammo acids 
was found to be hnear from 0 1 to 20 pmol qected as shown m Fig 17 for Ser 

As the results abobe she\\, the SE-54 column IS best sultable for separation of 
TMS denbatiles of the amino acids among the columns tested here All the ammo 
acids including, the most troublesome ones, such as Arg, HIS, Lys, Trp and Cys-Cys, 
gake symmetrical peaks. Also, the best reproducrblhty of the index values was 
achieved on this column_ The supenor performance of the SE-54 column m compan- 
son to the SP-2100 column may be due to the type of column deactivation (see Experi- 
mental) or simply to the shghtly higher polanty of the SE-54 statlonaty phasea’. 

In addition, we recommend the use of short ( 12 m)_ narrow-bore (02 mm I D ) 
fused-silica capillary columns for GC analysis of tnmethylsllylated ammo acids. Ac- 
cording to our eupenence. TMS denkatives of ammo actds, particularly those with 
long retention times, tend to decompose on longer (35 m) columns_ This IS partlcular- 
ly potentlated for troublesome ammo acids such as Ars, HIS, Lys, Trp and Cys-Cys. 
These compounds decompose either partly or completely on 25-m SE-54 and SP-2 100 
columns_ No peaks were obtained on a 25-m Carbowax 20M column 

The usefulness of the methodolo_9y described here IS clearly demonstrated In 
Ftg 1 S \\ here the separdtlon of the HCl-hydrolyzdte of lysozyme IS shown_ Because of 
its excellent resoivmg po\%er and very high sensitivity, this method could be Nell 
applied to ammo acrd analysis of peptldes and protems 
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