
Bawd on solvent-free 3;‘s chromnto~raphy of the n-propyl_ N-acetyl deriva- 
tivcs. procedures are dcscribcd for the routine determination of amino acid pro!iIes 
in hioIogical samples inciuding protein hyiroIysates_ plant tissue estrxts. urines 
ami scm. Derivatization is carried out in :t I%nin two-step procedure_ ?Js;e of a 
basic ac>\-latiun em-irmmxnt allo~x deriwtizrtion of arginins and histidim. Chroma- 
tography using mp.;ule injection on to 3 polar column xi-ith temperature prog-am- 
nling gives resolution of Z 1 ccmm~o~~ mnTno acids within 15 min. Norleucine used as 
the internal standard provides quantitative capability. Sensitivity of the method 
permits quantitation at the 1~a1~o1~1o1~ Icvel. Recoveries of amino acids added to 
sect ran@ over 90-VW,,; an csception w:ts ar$nine \vhich g:iue 7S“,,. Typical 
rcproducihilir_v data indicate that a coeiiicicnt of v:wiatio:l of Z-5”., is :tttainable. 

ISTRODUCTIOX 

The use of 31s chrom~~t~~r~ipll~ (CC) for the 
is :utr,tctivr because it provides quantitative results 

unequ:illed by other procedures. Inderd several GC 

determination of amino acids 
at high sensitivity_ at Y speed 
procedures are detailed in the 

literature (f*__y__ rek l-6). Coniniun to these is the requirement Lo derivatize the amino 
acids in order to make them volatile_ but stable enough for the GC analysis. The 
relative ease \vith \vhich mnino acids may be chenkally modified to give I~:UII_V 

different derivatives’-’ often letuis LO difficulty in choosing ~1 derivative for a particu- 
lar purpose. Whsrs a particuk amino acid is to be tnalyzed it is possible to sclsct 
:L derivative which will provide remarkrblc simplicit_v and speed in the an:Llysis_ as. 
for csample. the procedure of Halpern or al_” for serum phen_vlalanine_ Other possi- 
ble derivatives_ for example the N-dimetl~~lamino~~~etl~~lcne nlkyl esters”. have 
g-rat potential for amino acid antdysis but insufkient evalwttion fitis been published 
on their utility !-or the ;mal\;sis of biological samples. 

For routine determination of amino acid protiles. especially \vhere accuracy. 
rapidity_ eco;lonly. and simplicitv of manipulation are prime requirements. the II- 
propyl. N-acetyl derivativesS-“s-ll warrrtnt serious consideration_ The reagents 
required are readily obt:klble at high purity_ are inexpensive and me not unduly 
sensitive to moisture. The derivatives are stable and are prepared in ;t t\vo-step pro- 



ccdurc that may he car&xl uut in a scrc\v-capped test tube. The use of :I capped tube 
simplitie5 the manipulation. A single addition is made of the propylation reagent. 
In conjunction with a stxndard heating block there \i-ill be a temperature gradient 
along the tube rvhich induces :I rcilusiny action in the rcagcnt. Furthermore_ the 
pressure developed in the tube assists the reaction. P~oblcnx associated \vith mois- 
ture originating in the SIIlip!cT or from the reaction are ohvitlted by use of ;I small 
zuxount of 2.‘-dimcrhos~prop~tne as a \vater scavenger_ An additional ad\-antage 
is the conimereial availttbility of pure derivatives allowin, ~1 ready nionitorinf of re- 
coveries and optimization of GC conditions. 

The propylntion is efKxtcd usins propanolic HCI. The ac_vlation reagent used 
is a more basic nx~cnt than previously used for this purpose:‘_ consisting of acetic 
anh~dride_ triethylamine and acetone_ The reagent eililcts acylation rapidly (within 
Z iii&) 2nd coniplctcfy ‘- ,or i-nmt ammo x&_ Arginine xnd histidine_ \\-hich have 
~;tron~Iv houcd HCI on rhr molecule folIowing the propylation step. are also xc\-- __ 
lated xvith the mixed reagent used in the procedures that follow_ thereby o,hui;tting 

the need for alternate procedures to determine these amino acid?_ During the csteri- 
tifxtion_ qxiragine and glutmninc arc converted to the corresponding acids. Cys- 
tine is :m;rlyzed 2s cystrine_ ;I reducin= ‘1 agent being ttscd to &ect preJiminar_\ redtrc- 
tion to cysttine in the sampIe. Organic reducin, c ‘1 atLent such 3s tllio5lvcol tire suit- 
able but for this report st:mnous chloride ~~1s used. 

__ 

A~rl?ough dried protein h_vdrolysutes may be derivatizsd and :malyzed directly_ 
most otter hiolo~icai sampIes require pretreatment to sepamte the amino acids from 
the matris xvhich may include protein_ carbohydrates. salts;. urea_ lipids and peptidcs. 
Of several methods”~’ 1-i4 most emphasize deproteiiiizarion. For this report ;I method 
is used based on that b>- Harris rat crf.” utilizing ;I c;ttiuii-eschan~r r&n for removal 
of c.ltions prczcnt in the sample foiloxrd bx preferenti:h elution of the amino acids 
using ttn aqueous solution of ammonium hydrosidc. The cut ion-csch:ln~~ re?;in 
which W:LS sekcted has high cross-linkage characreristics enabling deproteinization 
of the sample to he achieved Dy moleculxr cvclusion chro.:liatoEraph~. 

GC of amino acid samples on capillary co1u1111~s \vill he undoubtedly of in- 
creasing importance because of the speed and resolution of these cotun~~ An indi- 
cation of the p3tsntiul inherent in the u~c of this typt’ of CO~UIII~ is given in the ~itudy 
by Jiinsson CT a/_‘“. However_ packed columns were used for this report_ 

CC 011 ;L ?;ingIc packed coIurnn of rht mpropyl_ N-xcryl amino xcid~ has been 
conridcrtlbfy improved by the availability of ~1 stable. polar_ silicone liquid phase. 
Previousl_v_ complete resolution of the n-prop!,l, K-acetyl derivative5 of all the pro- 
tein amino acids XZIS ditticult to achieve on ;t routine basis. because it \va nece+ 
sorry to use 1iGuid phase misture?-‘-‘I \vhich mm-e unsatishctory for long-term 
routine use because of temperature Iimitthms_ The column used for this report 
1~;~s 3 ft. -. 1% in_ O.D_ stainless steel. The packing WLS 0.31“;, Carhowas 20X4_ 
O.ZS~,, Sikir 5CP and O-t160 ;, lestrn on Chromosorb W AW_ I 10- 140 mesh. The tcm- 
pcrature limit of this combination is better than 250’ and t~llo\~s rcpwted use of 
the column to this temperattire without visible loss of resolution_ 

Injection of samples usin s solvent-free capsule injection (Model MS-41 Cap- 
sule SampIer) \vx employed becatise of its advantages over syringe injection 
Amongst others_ these advantages include elimination of the septum :md solvent_ 
and great& improved quantitative reproducibility for the compounds analyzed. 
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Additionally, it is possible to transfer. by successive washings. the total sample to 
the capsule for injection_ thereby providin, c* improved sensitivity for small samples. 

The procedures were studied to determine derivatiztttion reproducibility of 
pure amino acids and recoveries of amino acids from biological materials_ Results 
obtained by the procedures were applied to ;t wide range of biological materials 
including protein hydrolgsates, plant estracts and physiolo&al samples;. Emphasis 
has been given to analysis of sera and urine for amino acid metabolic disorders. 
GC anal_vses were computerized, which provided considerable ilesibility and pre- 
cision in handling the data. The final reports \vere expressed :uttomaticall~ in tnicro- 
moles or milligr:tms for amino acid concentrations= as referenced against ;I common 
standard_ 

The follo\ving rc:yetlrs \vere ttsed: Doives SO-XS [H + ) 100-I 20 mesh (Sigma. 
St_ Louis_ Mo__ U.S.A_): st:tnnous chloride_ atial~zeci reapetit grade ( klarhcsot~_ 
Colem:tn & Be11 (East Rurhcrford. N.J.. U.S.A.): ~tmmotiium hydroside. atxtl~zed 
rcafcnt gr:tJe iXlatheson_ Coleman & 13~11): dr! air or nitrogen I ethyl acetate_ spec- 

troquality (Matheson. Coleman 8 Bcll)r acetic :tcid_ $:tcial_ analyzed rca~enr ynide 
(J-T_ Baker_ Phillipsbur&_ N-J.. U.S.A.): acetic anhydride. 99 -.I’,, i%kthe~on. 
Coleman & Bell): 2_2-dimtthos~propnne. 99 -- ‘:,, (~Aldricli_ \ -1 -i i ,it u tu ce_\Visc._ U.S..&‘): Ii 
acetone. spectroqualit_\- ( Matheson. Coleman 43 Bell): triethylamine (Xathc5on_ 
Colern:tn & Bell): n-propyl rdcohol’ (_kl:tthesan_ Coleman ‘& Bell): anhydrous HCI’. 
tcchnietl grade (Scientitic Gas Products. Ediwn. N.J._ U.S.A.): ;I1111110 a3c 5. ‘4. R 

grade (Calbiochem. La Jolla. Calif__ USA.): norleucinc. A grttdc ( Cal biochcm) 
(for use its an internal ~tttnd:trd)r II-propyl_ N-xctyl :tnlino acids (GratT .ks;.. Srttltrt 
Cl:tra_ C:tliC_ U.S.A.): x-chymotr~psin protein (bovine pancrerts. tryst.)_ A grade 
(Cnlbiochrtn.): ovnlbumin. crysr__ grrtde V (_Sigtna): hisrone (calf thymus). Type 11 
(Sigma): Iysozxme_ 3 --cr_vst_ [ezg white). A grade (Calbioc!wm ): ribonucktse_ 
5 ._’ crxst_ (bovine pancreas).. A grade (Calbiochem.): collagen (calf skin_ acid soluble) 
(Sigma). 

I’tI ut~;lr.willg sok~ricm_ A Zio”,, solution of acetic acid in deionized \\‘;twr and 
containing 5.0 mg SnCi.!lOO ml \v:ts used for :Idjustn;ent of sample pH_ (The smn- _. 
nous ch!oridrl- is introduced with this solution te reduce cystine present in the sample 
to cy5tcinc_) 

Proy~~lrrtior~ rc~~~c*tzt_ The propylation rtl:tg?nt_ propanolic HCI. was made by 
pzlssttl~ anhydrous HCl into 100 g cooled fqropyl :tlcohol until the reasetit axs 
S M in HCI on a \v,fu- basis. Srortxi at 4” in ;i polypropylene bottle the reagent lasts 
several months_ 

Ac_rhtiorz wqmt. -4 misture of ;tcetont’_ triethyl;imine and acetic anh~dride 
(Sr’rl) was prepared daily_ This reagent may discolor on standing but this \vill 1101 
&tve ati_v ett;-ct on the acylatioti_ 
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into the stem of EL pasteur @pet_ The = 41~s wool wis not too firmly compacted to 
avoid reducing the flow-rate. 50 mg of Dowes 50-XS (H’ ) 100-120 mesh resin was 
xtshed (_using deionized water) 011 to the glass \vool. It is important that hi+ 
quality moist resin be used for the column_ and that it should be in the H’ form. 
Commerei:dly available resin proved adequate without special regeneration being 
required but the stock container was kept tight& sealed to prevent loss of exchange 
capacity due to adsorption of ammonia from the laboratory air_ Espended resin 
w;ts regenerated by passin, _ u 3 ml I N HCI through the resin column at about three 
drops per second then wzshin, ‘x the resin with deionized water to pH 6-7. A schema- 
tic of the column showing approsimatc positionin, I* of the resin is given in Fig. I_ 
50 mg of resin \\-ii1 provide approsimatelv 150 ,aqui\-_ eschangc capacity. This is 

adequate for treatment of most types of samples_ For esamplc_ 100 _uI serum contains 
:!pprosimately I ymole amino acids and I5 frequiv. of inor,, tv-inic cations’5. 50 Iliz of 
resin with 150 yxy,tiv_ capacity represent ;L rcnfoki cxi‘rfss over requirements_ 

SfmzrfuA-_ A stock solution of each amino acid including norleucinc \v:is 
made up in aqueous O_ 1 :V HCI at ;L level of 0.1 m.tl;‘ml. A \vorking solution contain- 

ins ~~11 he amino acids escept norleucinc \V;LS made up by combining equal ali- 
quots of the individual amino acids. evaportttins dotvn the mixture to a small volunw 
then diluting this with O-01 :\’ HCI to provide :L level of IO.~.ll~ml fix each amino acid. 

IJIM-JZN/ s~crrrh-d_ Norleucine L\‘;LS used a?; the most convenient pure internal 
standard available. Working stvndvrds in 0.01 :V HCI \vert’ prepared at :L level of 
IO ;t:ll norleucine.‘ml and at :L level of 2 mg’ml. For results to be espressed in 

,rrmolcs_ the former is used_ for results to be espressed in mg_ the latter is used. 
Standards were %torcd in capped polFprop_vlenr bottles and maintained at 4’. 

Gl+swsre included I-ml graduated pipets. IO-jr1 disposable micropipcts. 
IS . S5 nun tlisposablr glass culture tubes. 16 .- 75 mm $ass culture tubes with screlv- 
ctrp WTFE-lined) closures IKimas No. JS066A) and 145mm disposable pastcur 
pipets_ For IO-~tl serum xnal_vses_ it was found useful to employ special reaction 
tubes_ Reactivials_ 3 ml_ supplied by Pierce_ 
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k5qliij?~ili’Fzl 
The following 

Products); manifold 

PROFILES I’).: 

equipment was used : heatin g block Temp-bfok (Scientific 
(for evaporation of derivatized samples); rotary evaporator, 

Buchi Rotavapor-R (Brinkman). 

A Perkin-Elmer Model 3910 sas chromato~mpf~ \vith du.af tlttme ionization 
detectors and Iincar temperature programming was used together with a Model 
56 I-m\ recorder_ Injection wts carried out \vith tfle Model MS-31 solvent-free 
capsule injection system_ The PEP-2 Data Processor \V:K used for :uztom:ltic data 
reduction_ 

The colunw used \V;IS 3 ft.:.; I/S in. 0-D. stainless steel. This NXS packed \vith 
:I mixed polar packing consisting of 0.3 I”,, Cxbo~v:~x 2OM (Perkin-Elmer). 0.X”,, 
Sifar 5CP (Applied Science Labs.. Rochester. N-Y.. U.S.A.) and O.ObC,, Lesan 
(Perkin-Elmer) on Chromosorb W AW_ 120-140 meA Prior to coating_ the Cfu-o- 
mo.snrb \Y:PG heated to remove moisture at 100. t-w- 1 II_ then cooled. The packing 

was preparecf by combinin, ‘1 the required quantitv of liquid phases in 140 ml of a 
~klor~,fornl-methanoi misturc (,S5r 15) and pourin= -a= the misture on to 50 g of Chro- 
mosorb \V XW contained in a 500-11~1 round-bottom flask_ Then the solvent ~-as 
c:iutiuus;ly cs-aporated oil‘ using :L rorury evaporator adjusted to the lolvsst speed 
:tnd ;i v.xter-bath set at 90’_ After filling the column it w3.s conditioned \vith ;t helium 
110~~ of 12 ml ‘min at 250 for 1 Ii_ then 16 Ii at 220 _ or until the basrlinc wa?; st:tbfe_ 

I’ROCEI>LiRES 

Prorcirr Iz~-f!r~~!l-=(lif..~-. r\cid hyclrol_vzatc~ of pure protein \v-et-c c\apoc~trd 

down \vith added internal srundard (norlcucinr) to ;t dry residue and the drrivati- 
zation procedure given belox\- carried &t_ \Vith :L suitable quantity of protein iabout 
I - 10 nig_)_ it \v:t?; po?;49e to c:irry out the liydrolysi?; in :i scrcu9xip tube used for 
all subscqucnt chemical manipulation. thereby obviating trrmsfcrs. 

Smffir zffzd zfrifzc sczffzph-_ As \vitli all complcs sampies. the amino acids require 
separation from some of the biological matris_ The method employed depends on 
adsorption ofcztions from ;I solution at pH Z-2.5 011 to ;L Do\vcs 50 c;ttiozi-c~ch:~ugs 
i-e& column_ ;*i’OIi-iOIiicIii;iteri;ll and anion5 are washed through the column. Amino 
acids are pr&renti;diy elutcd from the r&n using Z X NH,OH. The proccdurc 
used \\‘;15 as follows_ 

Swzzzzz OIL zfr-ifzc. t.1) Trunsfer 0. I ml of wrum or 0.5 ml urine. 10 (cl (-20 ,US) 
of Z mg;‘nil norfeucine intcrnaf standard (see izzrcwzul strzfzckzf-d) ;u~d 0.1 nli pH ad- 
justing solution to a 16:;; 75 mm tube. Mis gently. The pH should be Z-2.5 and is 
checked by spot:ing ;i minute amouzit of the misture on co universal indicator pa- 
per_ (2) Trransfer misture to resin cofur~m using ;I p:istcur pipet for the transfer_ 
Allow to pass through cofurnn at :tbout one drop per 5 SW using wry little airprcs- 



19-l R. F. ADAMS 

sure as. for esampIe_ from a rubber bulb. C~rrtiwz_ Do not alIow column to run dry! 
(3) Wash sample tube with 0-3 ml deionized waier and transfer the washing to the 
column. Pass through the resin and immediately follo\v this with 0.5 ml of deionized 
water_ The flow-rate may be increased to &out one drop per second_ (4) The resin 
is &ted usins 1 ml 2 8 NH&OH passed through the column at about one drop per 
second_ The cluate is collected in a 16:-z 75 mm screw-cap culture tube and evapora- 
ted to drvness using a rotary evaporltor and a water-bath set at 90’. (A 4-cm Icngth 
of i-cm Tyson tubing is suitable for connecting the tube to the rotary ewporator.) 

Plmu sutnpl~~~t-_ Leaf_ root tissues and pulses were first extracted and cellulose 
and other fibrous o: particulate material was removed. The sample \\‘;s estracted 
with XY,, ethanol. In this case_ the plant samples \vere extracted by pulverizing a 
weighed quantity (l-10 s) of tissue with several volumes of aqueous 70”,, ethanol. 
The combined tiltered extracts \vcre llasb-evaporated to :L small vohunc and the vol- 
ume made up with 70”,, ethrtnol so that a I-ml caract \vas equaI to I 2 of* the or&- 
inal tissue_ 100 ,NI of the extract were taken to dryness and 10~~1 (20 j’s) of- internvl 
standard were added.. The residue W.K taken up in 0.5 m! deionized \ckter and 0.5 
ml pi-l adjusting solution. The pH \Y;LS chcckcd (pH 2.0-2.2) and processal as for 
serum_ 

Where a butfer (L*_z_, phosphate butt;-r) containing ctttions is employed for 
the estmction_ due co&iderlrtion must be siven to the e.schtmge capacity of the resin. 
Generally_ the resin quantity \viII be suflficient to take up cations in the ~an~plc_ 
It is advisable to increase the resin quantity \vhere other cations ic*.g._ in ;t bu!Er) 
are added- The appropriate milliequiva1ent cschrtnre capacity of the lxtch of resin 
used tvill provide the information for calculating this quawiry. 

Phr _ jr&-a-_ Fol lowin, ‘r centrifugation or liltration to remove &bri~;. pl:ult 
juices may be processed through the column directly after addition of internal 
standard and adjustment to pH Z-2.5_ Because of species and \arietal variation_ 
citrus juices should be adjusted to the correct pH using lo”,, acetic acid xvhich i-l 
added dropwise until the correct pH mnge is attained. A suitable ~olumc of juice 
to use is 0.1 mI_ The sxmpie is processed through the resin and the cluate takw to 
dryntxs_ 

(1) To the dry eluate residue contained in ;t screw-cap 16.. 75 mm culture 
tube_ add 50 it1 ione drop) dimethosypropane followed by I ml of propylaring re- 
asent_ The dimethosypropane scavenges moisture that may be present in the residue 
and removes water f-ormcd during esterifkdtion_ 

12) Cap the tube firmly and heat it in ii hi’;Ltin= *r block at 110 for 20 min. Al- 

though severtil hundred reactions of this type have been processed \vithout tube 
brerrkase_ it is rtdvisable- to use ;L safsty screen at this stage_ 

(3) Cool the tube briefly and open_ Evaportlte off escess reagent at 110 usins 
2 current of de air or nitrosen. it is useful to hold moistened universal indicator 
paper just above the mouth of the tube to determine that all acid vapors ha\r been 
evaporated off_ Residuztl acid can react \vith the acylatin f reagent to produce tin in- 
soluble salt. This interferes mechaniczllly with subsequent transfers and reduces 
the amount of reagent wailtrble for the reaction_ 

(4) Coo! the tube briefly. Add 1 ml of acylatin g reagent. Cap the tube tirmly. 
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Warm the tube for 30 set at 60’_ Cool the tube briefly. Evaportlte the csccsr reagents 
at 60’ using a current of dry air or sitroen. iChriwz_ Dcriwtized material at this 
point is very vohtilc. Do not exceed the reconxnendcd temperature and use ;I gs 
tfow not greater thsn 50 ml/min! Higher temperatures and gas ilows will cause 
losses of several rtmino acids, particularly :Llaninc and vatine.) 

(5) On completion of evaporation. no strong odor of acetic anhydride should 

be apparent. Cool the tube. take up the residue in 0.1 ml of mhydrous ethyl ;tcct;Lte. 
Cap the tube. The derivatized material is stable for several days at room tempera- 
ture and scvcml nmnths when stored at 4.. 2- to IO-,Q! rdiquots of the deriv;itized 

nxaerial arc taken for the GC ;inalysis. 

The foliowing instrument scttin~s \i‘c’rtf used. The heiiuni carrier gas !lo\v- 

rate NX~ 12 mlimin at ml inlet pressure of 70 p.s.i. The injector temperature was 
150’ and the detector temperature \v:16 300 _ The oven was temperature prograninied 
from 125 to IS0 ;lt S m,‘llliil tl!ld IS0 tO 250 at 31’inii:i_ ALtenuaLioa \v;Ls et at 

64 I-: IO. Injections \vt’t-e made by Pa-kin-Elmer MS-4 I c;1psuIc system*‘_ e\-apora- 

ting otf the solvent from the capsule before sealing :Lnd injecting. The capsule system 
\~;ts choseti because of its severA ad:.:u~t:yes_ inciuding improved resolution. im- 
proved reproducibility and avoid;ulcc of soluSi!ity problems associated \vith the use 
of ;1 sok11t. 

Tl~c GC pcrt~>rmance \t-;ls tcs~cd for res;olution and sensitivity by i:l_iecting 

I rcl of 3 niisture of pure h-i:-atizcci amino acids containing I nnioIes,‘~cl of each 
derivative. .-\ typical ~hromato~r;Liii is given in Fig. 2. Derivatized trvptophm uxs 
chromato~raphcd isothermally at 250 on colunms made from three ditl-erait batchcs 

of packing in order to nrovidc HETP data. Plate numbers for the 3-ft. CO!L~IIS ra~qxi 

from 2.250 to 1.100 plates for the tryptophan derivative_ The resolution of the amino 

:icid standard \\‘;is \-isuaIIy identical on the columns escept that retention times on 
one co I ~11i1ti \vr‘rt‘ wniewIi2t -_ -rcmx- t-or the hter peaks_ 



The GC antllyses were carried out using the GC parameters described above_ 
Three columns were used for the analyses. it being convenient to use one for sera and 
urine analyses on a continuous basis_ the others for plant extracts and protein hy- 
drolysates. There WE minimal variation in performance among columns. Through- 
out all the analyses reported here norleucine was used as rtn internal standard to 
provide quantitation capability and identification of other amino acids using retcn- 
tion times relative to the norleucinc derivative. The analytical method for the com- 
puter used for the data reduction wxs obtained using standard amino acid mixtures 
taken through the complete procedures and gas chromatographed. The computer 
calculated the relative retention times (RRT) and response factors for each amino 
acid and applied this information for data reduction of all subsequent analyses_ 

It is of paramount importance to ensure that reagents used do not contribute 
unwanted volatiles to the GC analysis_ Hence reagent blank runs \vere made to 
determine the suitability of the reagents used for this type of analysis. The purest 
obtainable amino acids \vere used for standards. It w;:s found that several have other 

amino acids as impurities_ Typical of this situation is the Grade A aginine used 
for the work reported here. When derimtized and chromato~raphed_ it gave a small 
secondary peak correspondin, c* in retention time to derivatized ornithine. as sho~11 
in Fig. 3_ To determine whether some decomposition of x+ine had occurred during 
deri~&zation_ the free arginine was chromato~raphed by t\~o-dimensioxl~~l thin-laycr 
chromatography (TLC) on silica. The chromatograms sho\ved a small ninh>-drin- 
positive_ Srtka%uchi-rie~ativc spot with R, ch:lracteristics similar to ornithine. It \v:is 

Fig_ ;_ Chromarogratn of deriwtizcd argininc. Injwrsd s:tmp!e size W;LS Z_U~_ Ornithinc w;ls prrx- 
em as ;L contaminsnt in the arginine. The rcmaindcr of the background indicates the ION+ [eveI 
of inrerfcrcncc contributed by the reagents. 
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concluded that the secondary peak on the chromatogrwn was ornithine originating 
as an arginine impurity. The remainder of the chromatogram illustrates the type 
of background obtained with the reagents and procedure used for this report_ AI- 
though several small peaks are discernible- they provide 110 serious interference 
problems_ 

RESULTS 

To :wertain rcproducibilit_v of dcriwtizntion, tifrccn aliquuts of :L nxised 
amino acid standard solution wx-e transferred to the reaction Lubes tmd the solution 
c~aprrtted to dryness using rl heating block at 100 and a gentle current of dry air. 
The residues \vere carried through the cornplctc dcrivatization procedure and Z-,UI 

aliquots of tlic final ethyl acctutc solution were 2:~ cllro~~iato~r:lpi~cd_ Peak :u-e;ts 
against an internal standard (‘z-prop~I_ N-:tcetyl norleucine) added just prior to in- 
jection \vere calculated automatically by the PEP-I tiara procswx- :md the results 
analyzed statisricall~. Results fW wme amino acids are given in Table I. 

Derivatization ctticiency \v;~s ~tudicd by dcrivatizin, CT ditfercnt levels of pure 
xmino acid solutions addin 2 an injwtion Gandard immediately prior to analysis 
:ind corn-xu-ing pcxk arcas a-ith correspondinS a-eas of pure distilled deri\atives_ 
Results obtained for eight replicate tmal~ses a-e given in Ttlble il. Aslost amino acids 
derivatizc over 3 O.l;rrg to lO-!(, 0 cuwe ivith at least MT,, cflicirncy. All anomaly _ 
is ar~ininc. which derivatizcs at about 7Sk!;, cfticiency. This is dut t0 the incomplete 
removal of- HCI from the gmnido group_ Acylation of the II-propyl arginine may he 
improved by repeating the acylation procedure. Hwvever. the standard procedure 
is highly rcproducihlr ithe coefticient of xxriation is :ibout 2_?:,,) and. pro\ ided this 

snmll 10~s of semitivit_v for arginine is acceptable, little purpose is servec! by incrsas- 
ing the total time of ;inaly.ii~_ 

?l-iw-LYuimwr i-i-c-0 1Tl-i~~.s 
Recoveries \vere detern~inrci using the resin pretreatment procedure. Eight 

separate O-l-ml aliquots of ;I stmdard amino acid misturs. containing I :~g of each 
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TABLE II 

DERIVATZZATLON DATA FOR AMINO ACIDS 

aqueous amino acid solutions werr3 evaporated IO dentis and derivatixd. Peak areas are IX- 
pr‘xiscd as pi of peak ;1reas obtained with pure distilled derivnrivcx. I\‘= Number of sampk~. 

.__- --... _. ._ __. ____-__.._ --.__. 

rlaxim mid 
~______. - --.__.- ..__.__~ .____..._ ___~__._.._-.__ 
I’d IIt* Thr- PIN LI_S Arg TV 

vs.7 99.3 vs.7 9S.Y YS.3 7Y.O YY_S 
l-6 2.3 1.4 1-V 2.1 1.8 ‘-4 
I_7 2-3 1.5 I .v 1.1 23 -_ 7-l 

YS.0 Y7.7 YS.1 YS.7 99.9 77.Y 00. I 
0-S 1.1 1.7 2.2 1.6 1-s -+- -2 
0-S 1.1 I _7 2.’ 1.6 ‘3 1.5 

97.5 Y0.S ')i i 

1:; 
Y7.h Y7.5 77.8 Y7.0 

0-V 0-v 0-S 1.7 1 .s I..; 
0.v I .o I.1 0.s 1-s 2.5 1.4 

amino acid_ wt’rr‘ tldj_.sted to pH 22 proccwcl through the resin. sub~cqucntl_\- 
derivatizcd and gas chromatofraphrd. Immediately prior t0 the injection 3 kno\vn 
:LIIIOU~E of pure norleucine derivative 1~1s added as injection standard. kak art‘:s 
were computed and the peak area of rach amino acid cspressed :ts ;L percentage of 
the corresponding chromutogmphic area of the :imino acid dcrivatizcd but not 
?;ub_jccrcd LO r&n pretreatment_ Results are given in T4-k 111. 
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To determine recoveries from serum, where it could be expected that some 
absorption of amino acids by protein might occur- dialyzed serum with added amino 

acids was subjected to the compkte procedure_ Eight O.I-ml aliquots of dia!yzed 
serum were taken and the amino acids were added at the 1 n&ml level. Allo~~mce 
for residual amino acids was made by t&ins sis aliquots of the serum through the 
procedure and computing peak area means_ correspondin, c’ to residual amino acids. 
to provide a b;~ckground correction for the recovery erperimenrs. Results obtained 
from the recovery experiments w-err expressed as percentages of the corresponding 
areas of individual amino acids in runs msde with amino acid solutions processed 
without xrum. The results are given in Table IV. Recoveries are close to IMP,, 
Lx-ith an ercellent coetficicnt of variation. 

RECOVERlES OF X%11X0 ACIDS ADDED TO DrXLYZED SERUXl 

~~-.---.--..~.~... _ __- ___ -.. 
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The application of the procedure to a number of normal serum and urine 
samples was investigated_ For-32 normal scra and 15 normal urines. a range of values 
for each -amino acid was obtained. These values are given in TAle V. Aspara~ine 
and $utamine are converted to their respective acids during the propylation step 
and the=z contribute to the asppartic and glutamic acid values given. The range of 
vtrlues corresponds reasonable w-11 with results reported for the procedures of 
Stein and Moore” and Stein’;. 

Urine specimens from cystinuric subjects bare obtained and anrdyzcd. X 
chromatogans_ including the relevant portion of the data processor report_ of one 
of these is sho\vn in Fit* -__ 5. Compared with the normal. there is a dramatic incrwse 
I!; rscreiion of l-sine_ ornithine and arginine. It should be noted that automatic 
data reduction zreat!y simplities screening procedures_ The computer in this esample 
hari been instructed to suppress normal levels of amino acids from the report_ print- 
ing out those that are abnormal_ Cystine. xnalyzeJ hem as cyst&c_ is iccreased 
above normal. The values are given in nwz’Z3 h_ 



GC 
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T-ABLE VI 

COMPUTER REPORTS FOR XIAPLE SYRUP URINE AND NORXlAL URINE SAMPLES 

The nornxtl report giva ail amino acid I~vds. The MSU report sttpprcsses nil but abnormal 
x-due_ 100 mg’dl internal standard XV;IS used for this anrtlysk 

AImtine: 
VaIinc. 
Glyciner 
Isoleucinc: 
Leucine: 
Std: 
Prolincr 
Thrwnine: 

t 
Srzine: 

. 
t 

Aspzrtic: 
hlethionincr 
Cysteincr 
Phrnglalanins: 
OH-Proline: 
Glutamic acid: 

i 
i 
. 
1 

Histidinr: 
Tyrorinc: 
Ornithitw: 
Lyinrr 
Argininr: 
Tqptophrtn: 

.oooo. 

.oooo. 

.oooo. 

.oooo, 

.oooo. 

.oooo_ 

121.~916, 

5K75’0. 
l-M.9675. 

10(i.0000. 

.oooo, 

.OOOO. 

_ooclo. 
.oooo, 

I 

, 
Alanine: 
Valinc: 
Ci Iycinr : 
Isoltxcinc: 
Lruck: 
Std: 
Proline: 
Threoninc: 

Serine: 
Aspartic: 
3Iethioninr: 
Cyxsincr 
Phen_vIalnnin~r 
OH-Prolinc: 
Glutxnis acid: 

Histidine: 
Tyrosine: 
Ornithina: 
Lyrinc: 
Xr~~inine: q 
Tryprophan: 

mg/df_ The procedure gives results that may be correlated closely \vith other phetql- 
&nine procedures_ It was possible to compare phcnylalaninc levels bv the described 
procedures and ;t standard ffuorimetric procedure’” for nine iden;ical scra. The 
results are compared in Tabfe VII. The results are in excellent agreement. although 
in the case of the t\vo fewest phenglslanine levels. the GC procedure gave some- 
what higher values. 

It is possible to use IO-{cl samples of serum provided the sample is diiuted to 
100;rrI volume with deionized water before adding tflr acetic acid solution. To main- 
tzlin good recoveries at this level it is advisable to use micro-reaction vials such as 
the Reacti-vial (Pierce) in the j-ml size for the chemical procedures and to reduce 
reagent volumes by half. A typical chromatogrtlm obtained from a IO-jtl PKU serum 
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is iIJustratcd in Fig. S_ To maintain adequate sensitivity. the total derivatized sample 
\\‘a~ transferred to an I&IS-41 injection capsule. the solvent evaporated off and the 
GC analysis carried out. The JeveJ of phenylalanine reported was SS.7 mg/dl. a 
figure in close agreement with the value of 39.5 mg/dJ found by the fluorimetric 
procedure (sample No_ 1 in Table VIl). 



PImr r~wrf~s. Se\-era1 plant samples wrt’ processed in order to c!etcrmine the 
suitability of the procedure for amino acid profiling of soiublc xmino acids in this 
type of sample_ Throughout these studies_ 7O”., ethanol e.stracts of the rissues \vere 
prepared following the procedure Z Gven above_ A chromzttogram is $en in Fi+ 9 
from an analysis carried out on spinach Ica~~es as representative of leaf tissue. 
Fis_ 10 gives the chronx~togrtun obtained frmn grape juice. Fig_ I 1 that from :tp+e 
juice and Fig. I2 that from orange juice. The juices were processed \vithout any prior 
rstraction- the juices being centrifuged only to remove cellular debris before s-ub- 
jetting them to the resin coiumn. Pigments present in the spinach and grape samples 
did not interfere with the anal;&_ Some pigment adsorbed on to the resin but did 
not alter its capacity to an\- si+ficrtnt desrcc_ 

Pmwiiz /~~~I-LJ~~=c~~L~.K Protein aliquots of 1 to IO nig \vere \veigiicd into :i rex- 
tion tube_ 2 ml of 6 ;V HCI were added together \vith the 20 ilg of norleucine internal 
standard. =Zfrer tiushin s with nitrosen. the tube was capped and heated for 22 h 
;Lt 110.&l-_ After rota-y evaporation to dryness_ the hYdrol>rzate+ \vere derivatixd 
and gas chromtlto~raphed. A chromatogram for ribonuclrase hydrolyzate prepared 
as above is illustrated in Fis. 13. 

Six individurt! aliquors of ribonuclease were hydrolyzed_ SliUUlt~ll~~OUSI~ pro- 
cessed and analyzed for amino acid content_ The chromatographic dater for the sis 
runs are summarized in Table VIII and indicate the reproducibility attrtinable for 
this type of sample_ No correction has been made for low recoveries of some amino 
acids due to the hydrolysis conditions used. the data being presented as typical of 
reproducibility dxta for the procedures_ 
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Fig. 9_ Chromatogmn of soluble amino acids obt:&ed follo\viny processing ofnn rthanolic cs- 
WJCI of spinach IIXMX Estracr equiulcnt IO 1111) mg Ieaf tissue NX prowsst‘d and l/SO of the 
dcrivatized nxuerirtl ~~1s chro!natographed. 

-_ 

Fis. IO. Chromarogarn obtained from grape juice. Injection aliquot equivalent to 20 (11 of the 
original sample. 
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Fig- 11_ Chromatogram of apple juice. Injection aliquot 
of apple juice. 

equivalent to 20.~1 of the original sanlplc 

Fig_ I?_ Chromatograrn of orange juice. Injection diquot equivalent to 10 rrl of the original 
juice. 
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1NJECT l5min 

Fig. IX Chrotnatogmtn of hydrolyzarc of rihonuclsasc. 2 tng prorcin hydrolyzed, dcri\-atizcd 
and t&m up in !OO pl of ethyl acetate_ I ill (rquivalcnt to 20 pg protein) injrcttxL 

Chromato~rnmr for hylrolyzates of histone. ovtllbumin :tnd collagen a-e 
Gen in Figs. 14 15 and 16_ respectivelu. The amino acid content for these an&es 
g given in Table IX. 

The II-propyl. N-acetyl derivatives in solution are very stable under normal 
laboratory conditions_ Stored at 3” in capped reaction tubes, the derivatized samples 
are stable for several \veeks_ Stability studies were undertaken by taking O-l-ml 
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I 
3 1 

Fig_ lG_ Chromatogram of 10 _IJ~ derivtttized collagen huirolqats. The hydrosyproline tkricttive 
resoIvts adrqttatriy from the phenylaktnine and glutan& acid peaks. 
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TABLE IX 

DATA OBTAINED FROM THE ANALYSES OF PROTEIN HYDROLYZATES 

No correction has hcen made for losses due fo thr: hydrolysis conditions used_ The results are 
the avcr:~p~’ of duplicate analyses. 
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STABILITY OF DERIV_4TIZED SERUM SAMPLES 

The values in nq:dl wrc obtained by chromarographing immediately on processing and after 
-I and S wdis’ stora~: ai 4 ’ . 

-.--.- -___ _ 

for stzvertll of the amino xids. The histidine Icvtll is cm~idcrably louver for the stored 
stlntpic. The chron~atogcims shoam! tin c_xtr;1 peak !xt\vcen ornithinc and Iysinc. 
By&ding small amountS of \vxter to derivatizcd hkitidinc. it \V;LS wbwquently found 
that ,z-prop!! diacetyl hiztidinc i?; partially dcac~latcd to the monoacct~l car in 
the presence of moisture. The monoacetyl ester cf~rom~tto~r~tphs bctv/een the arni- 
thine and Iysine derivatives_ The deac_vlation is largely eliminated by USC of arch_\-- 

drous ethyl scetate in takin g up the final residue. Also the histidine derivative is 
most stable in solution_ the dry residue folIo\vin g derivatization apparently being 
more sensitive to rrxes of moisture_ Immrdi:tre solubilizrttion of the residue in 
anhydrous ethyl itcetate is therefore essential if stabilit>- of the histidinc dcrivntke 
is a prime consideration_ 

DISCUSSlOX AKD CONCLUSION 

The described procedures otfsr a convenient addition to other merhods for 
routine amino acid analysis. Without impo+g too -_ c’re:tt ;t demand on operator 
skill or demanding sophisticated equipment_ the procedures are cqxtble of produc- 
ing rsceiient reproducibIe results on a wide range of sxnplrs. The dcrivarives 
ha\-e the advantage of being highly stabk under average laboratory conditions_ 
OveraH analysis time for a single sample using the complete procedure is about 
I h. Considerxbk savings in time may be made ly_‘: processin, l I several samples si- 
multansouJ_v. GC does not_ of course_ provide posttrve identifkltion !-or tony pa-tic- 
ulttr peak_ It does_ ho\vever_ in combination with tl suitable sample pretreatment 
procedure_ provide for conriderible reliabiiiry in identiticarion by using rerenrion 
time characteristics_ The pretreatment step usin, ‘r cation-eschtlnge resin \vith a high 
cross-Iinkae is e&ctive in removing anions_ large molecules and non-ionic material 
such as sugars_ lipids_ polypeptides and protein from the sampIe. However. it xsould 
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be expected that amines and some small peptides would be present in the final 
material_ It is clear from the results that these, for the samples investigated_ do not 
pose a serious problem_ It is to be anticipated that some peptide material lvouid 
derivatize and have retention characteristics similar to those of some of rhc com- 
mon amino acids and could thereforecontribute to the level reported for an amino acid. 
In the case of sera and urine analyses. it would be espected that the widedifkrence 
between normal and abnormal values would lead to no confusion of interpretation. 
Indeed_ this has been the experience of this worker. 

A possible source of interference resides in the less common amino acids. 
To determine the retention characteristics of several of these. samples of the pure 
amino acids \vere processed and chromatographed_ Th e relative retention time 
of each compared with neighboring amino acids is given in Table XII. Severa: of 
these are of interest 3~ they do occur and may be identified in biological samples. 
Aspar:&ne and glutamine ~vill, when these procedures are used. be analyzed ;K 
rtspartic and glutamic acids. Citrulhne is not analyzed by these procedures. The 
rtxin pretreatment step lows tmrine and cysteic xid in the etlluent_ 

RRT CHARACTERISTICS OF SOXIE CO\IPOUNDS THAT XlXY BE PKOCESSED 
WITH THE COIIMON .A~fINO ACIDS 

The RRT is nttx~surcd r&tri\t- to norhcim= I.OO& 

_ _.~ _~__-_._._.___ 

The wnsitivity of frame ionization detectors used in CC analysis provides 
the capability of quantitating levels of ;i pure compound do\vn to IO-‘-’ mole. 
In practice. the sensitivity attainable is dependent on factors including column per- 
formance. background of the sample. and the molar response of the particuiar amino 
acid to be quantitated_ The results obtained for the sera samples using iOO;rrl ~unplc 
size and t:tking IO-~1 aliquots for the GC analyses indicate that_ for those ::mino . 
acids m31-1 escellent detector response such as hydro.syproline_ it is readily possible 
to qunntitate the equivalent of 50 ng of free amino acid. 
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