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Fifty-five ninbydrinpositive cornpounds in physiological fluids vzepe deterznined aitb a 
Mtachi Made1 EEA-5 amino acid azulyzer by a twdumn ckroma~phic procedure. 
Roth columns were packed with X-&x&i Gustom 2628 ion-exchange resin. Tbe total analysis 
time was 9.5 h. 

In this procedure, particx&dy glucosamine, mannosmine and galactosarnine were sepa- 
rated completely from nomd “protein” amino zzcids, and NG-monomethybxginine, NG,- 
~xlirmthykcginine srd NG,M’G-dietkylarg-inrginine. v&i& were present in the my&n basic 
protein of several species and excreted in humarr urine. were separated from atker basic ami- 
no acids T&e method is usefu! far various applications with biologicfd mAeri& 



Fe’-have used a Hitachi amino scid analyzer and have developed a two- 
c&&m cbsomatographic pro3zdure which gives a b&b resolution and is also 
widely appliciable. 

Reagen fs 
AE&IO acid staadaro cz~%ration mixture was a product of Takara Koszm Co., 

Tokyo, Japan. Other njnhydrin-positive compoumis were purchsed from Sigma 
(St. Louis, MO., U.S.A.), Calbiochem (Los Angeles, C&f., U.S.A.), Fkka 
(ELIC~E, Switzetiand), V?ako (Csaka, Japan) and To&o Chemieai kdustry Co. 
(ToHpo. Japu). No-Monometiyk&nine, N~J@dirnethykginine and 
~,N’Gdimetkylargk&e were praducB of Calbiochem and P&e-lyske was a 
product of S&ma; fi-(Z-Tbienyl-Dt and S-&(4-pyridyl&hy~)cysteine used 
as i&e~~~nal standards were purchased horn Fierce (Rockford, Ill., U.S.A.). 

s!lnzpte prepamtion 
Synthetic mixture of ninizydrin-posif conpowtds. A standard solution 

wad made by diluting with 0.01 N HC1 to give concentmtions of Q-1 ymoleiml 
of ninhydrin~asitiva compounds, except for 0.04 pmole/ml of cystathionine, 
0.2 ,umole/ml of proline and anserine, 1.0 pmolejml of urea and 5.8 izmole/ml 
of cre&irGne_ 

Deprofeintid hunzan plasmtr. Normal huxau~ plasma was. deproteinized 
using ~ulphasalicylic acid [IO] _ 

Deammoniafed Truman urine. Normal hu.man tie was deammoniated by 
the method of Benson and Patterson [I ] _ 

Hydrolysis of humon plksnza and urizte. Deproteinized human pksma (2 ml) 
and deammoniated human tie (d ml) were hydrolyzed with a~ equal volume 
of concex&ated HQ f& 24 h at 110”. The hydrolyzates were dried with a 
Mary evaporator at 55O and diss~2ved in 0.01 N HCl. 

Appamtus 
A Hitachi Model KLA-5 automatic amino acid dyzer was used consisting 

sf the main instrument, a tap+controUed progrznmer, an automatic sample in- 
jector and an integrator_ 

cohnn mK.2 resin 
A 40 x 0.9 CEI I.D.ghs column WZXSUS& for the SepmtiOn Qffihe aCi@ic 

and neutral amino acids, aad a 25 X 0.9 cm I.D. gkz eolumnm for the separation 
of tie basic amino acids. Roth cokmns were filled with Eta&i Custom Eon- 
Exchange Resin 2518, x&G& is sulphonated with a X0% degree of cross-Uki.ng. 
The particle diameter is 11.5 2 2 pm with 8LT exchange capacity of 4.5 
meWdv-/g- 

Two lithium &a& buffers were used for acidic at?ld neutral amino zckt snal- 
yses and two kd.i~ &rate &uffezs for basic amino aci&au&ysis (Table f). The 

1:. pi3 of the etutlng b&fez3 must be controkd TV +hin HUXJ5 because the sep- 
-i: :aration of the amino a+s is sen&tke to small differences in pEZ_ 
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TAElLE I 

CQMPCWFI’lbN OF BUFFEBS 

Cation concentration 
Li uv 
Na WI 

0.25 0.25 
0.88 0.50 

PH 2.90 4.30 4.10 6.09 

Citric acid (g) 
Lithium citrate (g) 
Lithium chloride (g) 
Sodiwn citrate (g) 
Cont. HCI (mlj 
Ethanol (mi) 
Methanol (ml) 
25% Brij-35 (ml) 
Thiodi@pcal (ml) 
nCapryLic acid (ml) 
FiaaI volume (1) 

95.8 57.5 
25.2 80.1 
96.3 70.1 

- 
300.0 - 

4O.G 40.0 
25.0 25.0 

1::: 1::: 

- 
- 

373.0 
150.0 
300.0 

40.0 

1.0 
10.0 

- 
- 

490.0 
25.0 
- 

800.0 
40.0 
- 

2.0 

20.0 

Acidic and neural amino Basic amino acid 
acid analysis %rxtlysis 

1st 2nd 1st 2nd” 

*This b&fer was used for the rapid determInatian of giucasarnine and gelactosamine 
according to our previous paper (Xl]. 

&N = Acidic and neutral amino acid an&&s; B = ha& amino acid ax&&s 

Time 
0:oo 1:?!4 2:40 3:14 4:OO 5:30 7:12 8:30 

Buffer change 
It-A/N lstkffer-, 

E 

Cakmsn c&tuge 

Temperature change 
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FWFEiNTION TlMES OF 79 NINKYDRIN-FOSS c0MP0UNlBs 

Ninhydrin-positive compounds Retention time @in) 

Acidic and neutral amino acid anaip~is 
Cystic acid 27 

- Homocysteic acid 17 
lihosphcserine 18 
Taurine 25 
Phosphoethaaolsmine 28 
Laevulinic acid 28* 
Urea 36 
_&pa&c acid 65 
S-CMC 65 
Glutatbione (reduced) 66 
Hydroxypmkine 69 
Metbionine sulpkone 73 
Methioniae sulphorides 75,78** 
Threonine 80 
Serine 83 
Asparagine so 
Glutamic acid 93 
Glutithione (oxidized) 97 
Glutamine 98 
Homoserine 102 
Sarcosine Ill 
a-Aminoadipic acid 120 
B-(2-Thienyl)-DLsetiine 125 
Proline 138 
Glycine 146 
Eiippuric acid 146 
Citrulline 153 
Alanine 160 
Glucosamine 182 
a:-Anmabuiyric acid 188 
Mannosamke 190 

tnsemine 204 
Valme 219 
Cystiie 231 
Norvtie 231 
pipecolic acid 232 
HomocitruUiie 234 
Cystathionine 234 
bEethionke 236 
Lanthionine 237 
OOBA 239 
Jkoleucine 244 
Leuctie 248 
Norteucine 255 
@~2-Thienyl)-Drxek&ne 259 
We 264 
Fhenylalanine 284 
W?Janine 295 
Kor.llacyEtine 302 
8-Aminoiaabuf@c acid 315 
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Ninhydrin-positive compounds Retention time (min) 

Basic amino acid analysis 
5-Hyrkosylysine 100 
do-Hydrorylysine 104 
6 -Aminolaevuhic acid 105 
;m~;mtyric acid x20 

126 
Etkanolamine 131 
Ammonia 140 
Kynta.retie I.55 
I-B&ethylhktidine 157 
Lysine 175 
N-&Methyllysine 176 
hlistidine 188 
3-Metkylhistidine 199 
Creatinine 220 
Creative 221 
Anserine 224* 
TryptWh= 230 
cI-Amine+guanidinoprpianic acid 232 
Monoiodotyrusine 233 
E-Aminocaproic acid 234 
Cammsine 236 
Homocamasine 236 
Canavanine 239 
NG,M6-Dimethylargini 247 
NG,N’G-Dimethylarg$erginine 255 
S-&(4-FyridyIetbyl)cysteine 268 
NG-Monometbylsrgitie 288 
Argjnine 300 
Diiodotyrosine ’ 318 
Efamocysteine f.hioolactone 322 

‘Ratio of 440 to 570 nm for IaevuIinic acid and anserine wss higher than that ofotheranzino 
acids am4 related compounds except for proline and hydmnyproline: for the former the ratio 
was 1.25 and for the latter 0.84. 
l *Methionine sulphoxide gave two peaks. 
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cosamine, ghtunamine and 8-(2&bienyl)serine were resolved by using fxm 
steps with lithium buffer for 5.5 h. Mannosamine occurred as a shoulder on tile 
+a.uG.nobutyric acid peak. C&co samine, maunosamine snd gakctosamine were 
completely resolved from each other in “the absence of Q-aminobu@ric acid. En 
order to separate citruiltie from @yetie and &mine, me cc&mm temperature 
was increased to 57” for I h 26 min. 

In the basic amino acid analysis, the resolution of omithire, y-aminobutyric 
acid, e+&anokuine and ammonia was very difficult. The cohmn temperature 
and the concentration of alcohol in the buffer affected the chromatographic 
behaviour of these compounds; the optimal cohunn temperature was 43O (iso- 
thermal) and 3% of ethanol was added to the basic first. buffer. The most seri- 
ous problem was ti separate creatinine, anserine, tryptophan and carnosine 
completely from each other. In this instance, it was necessary tu change the 
buffer at the come& moment; when the buffer was changed too late, anserine 
overiapped with meat&&e and when it was changed too soon, carnosine was 
eluted simukaneous~y with tryptophan. We have also achieved the determina- 
tion of methylated basic amino acids. @ comparison with DeibIer and Marten- 
son’s method [12], N~,N%iimethyl-, NG,N’%imethyl-, and NG-monome& 
yiarginine were rapidly and completeiy separated. However, N-E-methyllysine 
occurred as a shoulder on the lysine peak. 

Analysti of normal Irmnan plasma 
Fig. 2a is a chmmatogram of deproteinized normal human plasma. Urea, 

glutamine, glycine and &mine were always present in relatively high concen- 
trations. Although our method gave a very high resolution, two unknown 
peaks were evident, one of which was eluted immediately before aspartic acid 
and tie other was elated after the buffer cbmze in the basic amino acid chro- 
matograxu. The latter was &most always present in plasma and could be con- 
fused with creathine. The hydroysis of deproteinized pksma ~8s carried out in 
order to investigate whether these compounds were amino acid derivatives OF 
peptides. It can be seen in Fig. 2b that these peaks disappeared in the hydroly- 
z&e of deproteinized plasma and glutamine was also converted in&‘@utamic 
acid. At the same time, the tot@ amino acid content increased abtiut 3-fold 
before hydrolysis. Eu addition, glucosakne and mannosamine occur& in rel- 
atively kge amounts and gakctosamine was observed in trace amoUnts. These 
multi suggest that the two unknown peaks were peptides or p=ibQ nwco- 
pdysaccharidepeptides. 

Fig_ 3 shows the resolution of ninhydrin-positive compounds in normal 
human urine and the hydroiyzate of urine. As shown in Fig. 3a, @,NG- 
dimethyl- and P@,N’%lirfxethykr&irie were identified in human urine. The 
normal occumeme of these rnethykrginines in humau urine has been reported. 
by Kakimoti and Akazam [X3]. The total amino acid contents in the hydro- 
&ate of urine were increased about 2-foM and amino sugars occurred at the 
me Ieve% as in the hydml-yzate of plasma. It can be concluded that glucusamine 
and gxktcxamiqe were derived from mucopo&saccbztFides that are a family 
of ChondroCtin suEphaLks characterized by a varying s&phate content [I41 _ 



Although a singLcohnnn system for the analysis of amino acids in physiolog- 
ical fluids has high resolution, it is time consuming and requires five or six dif- 
ferent buffers [3,4], and it is difficult to obtain reproducible chromatogmms 
simply by such a method. The reproducibility and rapidity of analysis are great- 
er with the twocohmm system described here. 

In order to separate efficiently a large number of ninhydrin-positive sub- 
stances, it is important to select the most suitable resin. Benson [S] recom- 
mended a 7% cross-linked polymer for this puqxxe, but we have found that a 
10% linked polymer (2618) is more suitable than a 7% cross-linked polymer 
(2614). When the latter resin was used for acidic and neutral amino acid anal- 
yses, prohne was not separated from a-aminoadipic acid. 

The particle size of the resin &so affected the resolution of ammo acids. 
When a smaller particle size was u-s, a higher resoh&ion was obtained on the 
cbsomato~. In this instance, a higher pressure was generated in buffer pump, 
frequently resniting in various problems. We have overcome these problems by 
using a shorter cohmxr (40 cm) under an operating back-pressure of 15 kg/cm*. 
The optknal particle size of the resin was 11.5 + 2 pm (2618). In addition, uni- 
formity of the particle size increased the resolution and also lowered the 
column pressure. 
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