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SUMMARY

Trimethylsilyl derivatives of protein amino acids were separated by high-reso-
lution gas chromatography on three fused-silica capillary columns, coated with SE-
54, SP-2100 and Carbowax 20M, respectively Kovats’ retention mndices were also
calculated by using n-alkanes as standards and tabulated Excellent reproducibility of
the mndex values were obtained The usefulness of the method mn actual ammo acid
analysis of peptides and proteins was demonstrated by analyzing the HCl-hydrol-

yzate of lysozyme

INTROGUCTION

During the past two decades, a great deal of effort has been made to analyze
ammo acids by gas chromatography (GC) Amino acids, however, must be deriva-
tized prnior to theirr GC analysis. About 100 different dertvatization methods have
been suggested and successfully used for this purpose!™ Zomzely et al * mntroduced
the N-trifluoroacetyl (N-TFA) n-butyl esters as a possible derivative Later. Kaiser ef
al® extensively mnvestigated these derivatives for the GC analysis of amno acids
Many other N-acyl alkyl ester denivatives have also been utihized for the same pur-
pose®™3 The use of thiohydantoin denivatives in GC has been reported, especially for
the sequence analysis of peptides!*!>. Trimethylsilylation i1s another derivatization
method, which was introduced by Riihlmann and Giesecke'®. Several authors have
used this method for the GC analysis of ammo acids utilizing various silylation
ts17-23
Most of the papers Iisted above have reported separations using conventional
packed columns GC with capillary columns, however, offers great advantages over
GC with packed columns®*27 This technique has also been apphied to GC analysis of
ammo acids’ @ 11713 15 28331 Geveral review articles have appeared dealing with GC of
amino acids! 3 13 32734,

In this paper, we describe the GC Kovats™ retention indices®® of trimethylsily-
lated amino acids on three fused-silica capillary columns3® coated with SE-54. SP-

2100 and Carbowax 20M, respectively

reagen
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EXPERIMENTAL*

Apparatus

A Hewlett-Packard Model 5880A microprocessor-controlled gas chromato-
graph (Hewlett-Packard, Avondale. PA, U.S A ) equipped with a flame 1onization
detector was used. The 1njection port and detector were maintained at 250" C. Injec-
tions were made manually. Helium was used as the carrier gas for all separations at
an nlet pressure of 75 kPa. The sphit ratio was 1-100. The following three fused-silica
capillary columns (wall-coated open tubular) (Hewlett-Packard) were used (cach 12
m x 02mm 1 D):

(1) SE-54 (539, phenyl, 1Y, vinyl, methyl silicone gum: siloxane deactivated)
The measured efficiency was ca. 5400 theoretical plates per meter based on the penta-
decane peak at 120°C (capacity factor, &” = 6 16; linear velocity gz = 39.9 cm/sec).
“Trennzahl™ (TZ) between tetradecane and pentadecane was 23 3 The rato of 2,6-
dimethylphenol (DMP) to 2,6-dimethylaniline (DMA) was 1.00

(2) SP-2100 (methyl sihcone fluid, Carbowax 20M deactivated) The measured
efficiency was ca. 4400 plates per meter based on the pentadecane peak at 130°C (&’
= 6.38; g = 33.3 cm/sec). TZ was 20 0 The ratio of DMP to DMA was 1 00

(3) Carbowax 20M (polyethylene glycol, Carbowax 20M deactivated) The
measured efficiency was (¢ 5000 theoretical plates per meter, based on the penta-
decane peak at 100°C (&” = 2.55; i = 33.4 cmfsec). TZ was 18.7.

Materials

Amino acids were purchased from Vega Biochemicals (Tucson, AZ, US A)
Lysozyme was obtained from Sigma (St Lows, MO, U S A.). Bis(trumethylsilyl)-
trflucroacetamide (BSTFA), acetonitrile and constant-boiling HCl were purchased
from Pierce (Rockford, IL, U S A ) n-Alkanes were from Supelco (Bellefonte, PA,
US.A).

Trimethy Isihy lation

A sample of cz 1 mg of each amino acid was placed in a PTFE-capped hypo-
vial (Pierce) and trimethylsilylated with 0.4 ml of a mixture of BSTFA and acetoni-
tnle (1:1) by heating for 45 min at 140 C.

Hjydrolysis of isozyme with HCI

A sample of ca. 10 mg of the native protein was hydrolyzed with 0 6 ml of
constant-boiling HCI in evacuated and sealed tubes at 110°C for 24 h. After hydrol-
ysis samples were dried in vacuo and then trimethylsilylated as above

RESULTS AND DISCUSSION**

The Kovits™ retention index system>® has generally been accepted as the best
way to charactenze the retention behavior of chromatographically separated com-

* Certamn commercial equipment, instruments or matenals are identfied mn this paper 1n order ad-
equately to specify the expennmental procedure Such identificauon does not imply recommendation or
endorsement by the National Burean of Standards, nor does 1t imply that the matenal or equipment
dentified are necessanly the best available for the purpose.

** Abbreviations for amino acds follow IUPAC-IUB recommendations [see Bwochem. J.. 126 (1972)
773] C10, etc, represents an n-alkane with ten carbon atoms pC corresponds to prcocoulomb (see Fig.

t7)
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pounds*”>?_ In most cases, n-alkanes are used in GC as standards for this purpose

In the present work, we separated trimethylsilylated protein amino acids by
GC on three fused-silica capillary columns and also determined the Kovats™ indices of
these compounds using n-alkanes with an even number of carbon atoms as standards
n-Alkanes were added to original samples prior to injection The gas holdup time was
determined by using methane, which was injected together with the sample Two
sithicone stationary phases, SE-54 and SP-2100, and one polar stationary phase. Car-
bowax 20M (see ref 40 for McReynolds constants of these phases), were used for
separation of amino acids and determination of themr retention index values Ideally.
symmetrical peak shapes have to be obtained for precise determination of Kovats®
mdices The Carbowax 20M column. however, did not provide symmetrical peaks for
all the amino acids Some of them particularly those with long retention times,
vielded tailing peaks Despite this fact, retention indices of all the ammo acids were
also determined on this polar column n order to provide sufficient confidence 1n the
identification by matching retention indices The use of columns of different polarty
greatly increases the usefulness of the retention index system for identification pur-
poses Overloading of the columns was avoided, because 1t causes leading peak
shapes. and the position of the peak mavumum shifts resulting i incorrect mndex
values

According to definition. Kovats™ indices are determined at constant tempera-
ture In this paper. we have determined the retention mdices of amino acids mainly at
constant temperature. It 1s however, impossible to determine the mdex values of all
the amino acids 1n a smgle run at a certain constant temperature. because of the large
differences n their retention times Thus, indev values were determined at different
constant temperatures corresponding to a reasonable retention time for mdinvidual
amno dacids and an acceptable resolution Retention indices obiamed by using a
temperature program were also gien

Major error sources in retention indes determinations are incorrect tempera-
ture measureme .s and maccurate measurement of the retention times In this paper.
the oven temperature was controlled by a microprocessor Retention times were also
medsured by the microprocessor which reported these values to the nearest 0 001
min®’ Injections were made manually Mean retention mdex values and standard
deviations were calculated from at least ten measurements As the results below show,
excellent reproducibility was obtained, particularly on SE-34 and SP-2100 columns

Separations and Kovary indices

On SE-34 column Four different temperatures, 85°C, 120°C, 150°C and 190°C,
were used for measurement of the retention 1index values of all the amino acids on this
column. Chromatograms obtained at these temperatures are given 1n Figs 1-4, respec-
uvely Fig. 5 shows the separation of all the ammo acids mn a single run by using a
temperature program

Figs 1—4 also include n-alkanes used for calculation of index values Mean
index values and standard deviations obtaimned from at least ten measurements are
aiven 1n Table I. All the ammo acids gave symmetrical peaks on this column, provid-
ing accurate deterrmnation of the mdex values Standard deviations varying from
0 03 to 0 12 depending on 1individual compounds were achieved. Temperature pro-
grammuing yielded shghtly higher standard deviations for some amino acids
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Fig. 5 Separauon of tnmethylsilylated amino acids Column details as m Fig 1 except temperature
programmed at 4-C/mn from 70°C to 170°C, then at 8°Cjmun from 170°C to 250°C

TABLE1

KOVATS' INDICES () (MEAN = STANDARD DEVIATION) OF AMINO ACIDS ON SE-54
COLUMN

Anuno I Ie ILge Lo Temp program
acid (Fig 5}

Ala 111027 = 007 111933 + 007
Val 12777 = 005 123450 = 005
Leu 128756 = 006 1299 65 + 007
Pro 130419 = 003 131604 =~ 010
He 130925 = 003 132060 + 007
Gly 131687 = 005 132830 — 006
Ser 138823 - 004 138861 + 005
Thr 140411 = 005 1341630 = 007
Arg 1467.67 + 009 147989 = 0 11
Met 153110 = 004 1541 58 > 006
Asp 154389 = 004 155709 + 006
Cys 157431 - 007 158037 + 006
Phe 1635.10 = 009 164006 + 013
Arg 165881 - 010 164683 + 006
Glu 164708 + 0907 165551 + 009
Asn 1662.56 = 0.11 1671.72 = 0 10
Asn 1697.85 = 006 1707.08 + 006
Gln 176235 + 011 177499 = 0 11
Gln 179437 + 011 1800 -

Arg - 184824 + 0.17
His 194225 = 0.10 194181 = 011 194708 > 008
Lys 194743 £ 0.12 1941.81 + 0.11 1952.97 = 0.09
Tyr 196008 - 006 1939.22 + 005 196436 + 007
Trp 223731 £ 010 223562 = 020

Cys—Cys

-2327.19 + 009

233295 =017
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Asn and Gln gave two peaks aue to trimethylsilylation to different extents>?
(Figs. 2, 3 and 5) Three peaks of Arg (Fig 5) correspond to its decomposition
producis The third peak represents ormithine The other two decomposition products
were not 1dentified.

On SP-2100 cofumn. SP-2100 1s a methyl siiicone phase whose polanity 1s
shghtly less than that of SE-54 (ref. 40)

Retention mdices obtained on this column are given 1n Table II Figs 6-9 show
the actual separations at different temperatures Separation of all the ammo acids
usmg a temperature program 1s demonstrated in Fig 10 These chromatograms also
show the positions of n#-alkanes used for index calculations

The elution order of the amino acids 1s the same as that on the SE-54 column,
with one exception. Tyr elutes earlier than Lys (compare Figs 3 and 8, and Figs 5
and 10) On this column, Lys 1s completely separated from His with a difference of ca.
37 index units at 150°C (Fig 8 and Table II), whereas SE-34 column does not give a
complete separation of these amino acids (Fig. 3 and Table I). On the other hand, a
better separation of Tyr from Lys was obtained on SE-54 (ca 13 index units versus ca
4 index umts at 150°C, Tables I and II, respectively, compare also Figs 3 and 8).

Two compounds, Trp and Cys—Cys, gave somewhat broad peaks on SP-2100
column (Figs. 9 and 10) All the other amino acids are represented by symmetrical
peaks. A repeatabibity of 0 04-0.15 index units was achieved for most ammo acids on
this column (Table II) Higher standard deviations were obtained only for His, Trp
(both 0 28) and Cys—Cys (1 00) Thisis probably due to the fact that these compounds
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Fig. 6 Separation of some tnmethylsilylated amino acids Column, fused-silica SP-2100 12m x 02 mm
I D ; temperature 90-C For other column details see Expennmental
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TABLE I

KOVATS' INDICES (/) (MEAN * STANDARD DEVIATION) OF AMINO ACIDS ON SP-2100
COLUMN

Amuto Is0c 1135¢ Iisec Lioc Temp. program
acid (Fig 10}

Ala 1166 11 — 009 111337 = 020
Val 122560 + 007 122937 = 013
Leu 128485 = 005 129437 + 008
Pro 129699 = 005 130831 = 0 14
ile 1366 52 = 006 131634 £ 005
Gly 131588 = 004 1326.30 + 020
Ser 138395 = 011 138344 = 004
Thr 1400 1400 141167 + 0 14
Arg 144837 + 015 145146 + 007 145822 + 003
Met 151678 = 008 151848 + 006 152751 = 013
Asp 153151 £ 007 152816 + 008 154712 = 007
Cys 156323 = 010 156244 3 007 157122 - 005
Phe 1622.47 + 007 162482 + 005 162442 + 008
Glu 163425 = 015 162940 = 007 1642.34 =~ 010
Asn 166412 - 006 1660.13 + 004 1674.29 + 0.17
Asn 168055 + 005 167614 % 0.13 1689.41 =~ 011
Gin 177365 — 007 1768.75 = 009 1776.96 - 0 19
Gln 178482 + 0.15 1780.34¢ + 0.14 1784.27 = 006
His 191660 + 028 192105 + 0.13 192038 + 0.10
Tyr 194942 + 009 195038 = 003 195420 + 008
Lys 195389 + 007 195038 = 008 195835 =014
Tp 221850 + 0.28 220839 *+ 0.27

Cys-Cys

231422 + 160

232037 = 041
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TABLE Il

KOVATS’ INDICES (/) (MEAN + STANDARD DEVIATION) OF AMINO ACIDS ON CARBO-
WAX 20M COLUMN

Anuno
acid

I7SC

1135 C

IIGOC

1260 C

Ala
Val
Leu
Gly
Ite
Pro
Thr
Ser
Asn
Asp
Cys

1206 10 = 010
128972 = 007
135858 =012
136490 = 003
136955 = 005
1396 61 = 007
146926 — 009
1476 09 = 006

165332 = 015
168385 + 0 14
170319 + 006
1726 72 - 020
174100 — 0 16
1786 61 = 028
i800

186365 + 011
197152 £ 016

186383 = 007
1944 21 + 0.10
202871 + 013
215159 =015
216540 = 020

229385 + 091
253721 + 078
254852 2026
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Fig 17 Lincanty of the detector response for Ser Column details as iz Fig 5

0 S

yielded broad and tailing peaks on this column. Standard deviations were shghtly
higher for some amino acids when temperature programming was used.

On Carbowax 20M. As expected, this highly polar column has a totally dif-
ferent selectivity from the other two columns toward trimethylsilyl (TMS) derivatives
of amino acids as Figs 11-14 and Table IlI clearly demonstrate The majonty of the
amino acids gave “tailing” peaks. As mentioned above, symmetrical peaks are re-
quired for accurate determination of index values. Nevertheless, index values of the
ammo acids separated on this column were also calculated and tabulated (Table 1II)

17C

o
<
3

Asp

o Leu
ile

Pro

"y

Atg
Phe

[ A LY

Glu
Cys Cys

o
Met
Arg

i
Bal1Ye s

.ot
b
paw

° L
" -

i
(o
Oly
Ap—————tret— |
F&Iv—— 1
A
I
s
S ——
psmrereenril
b
L
R Y ]
L

20 30
TIKE [ouni
Fig. 18 Separation of the HCl-hydrolyzate of lysozyme Column details as in Fig. 1 except temperature
programmed at 4°C/mun from 70°C to 25¢°C

'



51 E. GAJEWSKI et al

An additional column with a different polarity and selectivity can, of course, be very
useful for identification purposes Standard deviations were higher on this column
than those on SE-34 and SP-2100 columns. Fig. 15 shows the separation of some
amino acids using a temperature program

Sensirnity

The method described here provides a high sensitivity. Fig. 16 shows the sepa-
ration of six amino acids at the highest sensitivity setting of the detector. Each peak
represents ca. 0.6 pmol of an amino acid. A signal-to-noise ratio of 2 (minimum
detection lirmit) corresponds to ca. 0.1 pmol. Detector response for all ammo acids
was found to be hnear from 0 1 to 20 pmol injected as shown 1n Fig 17 for Ser

CONCLUSIONS

As the results above show, the SE-54 column 1s best suitable for separation of
TMS denvatives of the amino acids among the columns tested here Al the amino
acids including the most troublesome ones, such as Arg, His, Lys, Trp and Cys—Cys,
gave symmetrical peaks. Also, the best reproducibility of the index values was
achieved on this column. The superior performance of the SE-54 column 1in comparn-
son to the SP-2100 column may be due to the type of column deactivation (see Experi-
mental) or simply to the shghtly ligher polanty of the SE-34 stationary phase*°.

In addition, we recommend the use of short (12 m). narrow-bore (0.2 mm I D)
fused-silica capillary columns for GC analysis of tnmethylsilylated amino acids. Ac-
cording to our experience. TMS derivatives of amino acids, particularly those with
long retentiron times, tend to decompose on longer (25 m) columns. This 1s particular-
ly potentiated for troublesome amino acids such as Arg, His, Lys, Trp and Cys-Cys.
These compounds decompose either partly or completely on 25-m SE-54 and SP-210C
columns. No peaks were obtained on a 25-m Carbowax 20M column

The usefulness of the methodology described here 1s clearly demonsirated 1in
Fig 18 where the separation of the HCl-hydrolyzate of lysozyme 1s shown. Because of
its excellent resolving power and very high sensitivity, this method couid be well
applied to amino acid analysis of peptides and protemns
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