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The identification of metabolic, intermediates by two-dimensional paper chromatog- 
raphy has been employed extensively in biochemical investigations. When this 
method is used to determine the quantitative distribution of intermediates, errors 
due to the presence of non-enzymically produced products become significant. This 
problem is considerably enhanced when the precursor or its metabolic products com- 
plex with the chromatographic solvent. Apparent concentrations may be significantly 
lowered with respect to the other intermediates or ljrecursors present. Multiple or ir- 
regular spots,‘variabilityin RF values, andpoor quantitative recovery are often encoun- 
tered in paper chromatography, particularly when phenol solvents are employed with 
amino acidsP6. Such formation of multiple spots has been attributed to interaction 
between amino acid&‘J, to excessive concentrations of the amino acids applied’, 
to oxidation of the amino acidd, and to different ionic forms as related to the pM of the 
solvent system employed&. This report concernsthe formation of stable glycine con- 
densation products during paper chromatography with water saturated phenol. 
The effects of PI-T, distillation of phenol, and the presence of formaldehyde are con- 
sidered. 

MATERIALS AND METHODS 

Whatman No. T filter paper (22 x 17 in.) was used either untreated or treated with 
oxalic acid by immersion for 2 h in a I: o/O solution and then. washed exhaustively 
with distilled water. Designated amounts of radioactive glycine-G4C (r-08 mC/mM) 
from New England Nuclear or Volk were applied to the.origin point. The two-dirnen- 
sional chromatograms were developed first in water-saturated phenol (prepared 
from Mallinckrodt 88 % phenol, liquified, preservative free) and secondly in PZ- 
butanol-propionic acid-water 0. Between solvents, the chromatograms were dried 
overnight in a hood at room temperature in a slow moving current of air. Timed 
studies were initiated from the instant of solvent addition‘,to the chromatographic 
system. Radioactive areas were located. on the chromatograms by radioautography 
employing DuPont Xtra Fast No. 508 X-ray Film. The relative distribution of radio- 
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activity in the various areas was determined by counting with an end window. Geiger 
tubelo. Identification of labeled unknowns was made by co-chromatography with 
unlabeled compounds and comparison of radioautographs with ninhydrin sensitive 
areas. Exact coincidence, of areas was accepted as indicating identical compounds. 
Distillation of phenol was performed either in the absence of any additives’ or by the 
method of DRAPER AND POLLARD ll. The water-saturated phenol solvent was pre- 
pared by adding the distillate or residue to a limited amount of water until a single 
phase was obtained. Acid and alkaline liydrolysis of the glycine condensation products 
was performed in a sealed tube at 20 lb. pressure and 250’ I? for 2 hours. 

DISCUSSION AND &SULTS ‘. 

A two-dimensional chromatogram of glycine-2 -lXZ on Whatman No. 3: filter paper 
with water-saturated phenol as the initial solvent and butanol-propionic acid-water 
as the second solvent is shown in Fig. I. While a number of active areas were present 
in addition to glycine, only three gave evidence of being formed during the chromato- 
graphic process. These ,areas, labeled I, II and III, consistently streak in the water- 
saturated phenol solvent with their tailing end, ,coinciding, with the glycine area. 
This type of streaking suggested that the unknowns were being formed during, the 
development of the chromatogram. in phenol. Their. RP values in the second solvent 
system were considerably. larger than, .that, of; glycine, thus providing excellent : re- .,, 

Fig. I. Radiosutogram df cl~ron~ato~am df ‘glycinc -QKJ. Wlkttinan &o. I filtek paper. SolGents: 
phenol-water (first dimension) ; n-butanol-propionic acid-water (second dimension). . 
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solution No significant streaking occurred in the second solvent, indicating that 
no complex formation was taking place. The other areas of activity on the chromato- 
gram were well’defined spots with no evidence of streaking and appear to be conta- 
minants of the original glycine preparation or, at least, were formed prior to chrom- 
atography. 

At adequate levels of material all three unknowns could ‘be detected with stand- 
ard .ninhydrin sprays. Since the i”C-labeled areas and the ninhydrin-sensitive areas 
exactly coincided; the ninhydrin-sensitive compounds and the %-labeled products 
were the same. Unknown I: exhibited the typical purple color of glycine with nin- 
hydrin sprays as soon as sprayed. Unknowns II and III exhibited a yellow color 
during the five minute heating process following spraying, but two to five days later 
the color turned to the typical purple color of ninhydrin with glycine. This type of 
color development (first yellow’and then purple) was characteristic of such compounds 
as glycylglycine and glycylglycylglycine, except that the glycine’ peptides showed 
ninhydrin color development from yellow to purple within two to three hours. 

Failure by,other workers” to detect ninhydrin color reaction with these unknown 
substances from ‘glycine may be due to the ‘low concentration of material used. With 
commercial liquid phenol and untreated Whatman No. T filter paper unknowns I and 
II were,easily detectable with 25 pg applications of glycine at the origin. Unknown 
III could not be detected at this level. Even applications as low as IO pg of glycine 
yielded a ‘detectable’ ninhydrin’ sensitive area for unknowns I and, IT. Chromatog- 
raphy of unlabeled glycine from four @if&rent commercial sources with the two- 
dimensional solvent. system yielded, in each case,, unknown I and II which could be 
detected readily with ninhychin. ‘: .’ 

Unknowns I and TI were stable and”could,be eluted’from the filter paper readily 
with water. Rechromatography ,in ‘the same solvent, system gave a reproducible 22~ 
with a discrete spot and no evidence of tailing; The approximate Rp values in butanol- 
propionic acid-water were 0.6 for Ij’0.7 ,for I? and 0.9 ‘for I&L In phenol-water the 
Rp values for all three unknowns were.‘,nearly .the same at:: about 0.8 to 0.9. 

Upon hydrolysis of %-labeled ~unkndwn’lT1 .with ‘ammonium hydroxide all the 
1°C cochromatographed~~identically with unlabeled ~glycine’ (Fig. 2). Partial hydrolysis . 
was obtained with HCl, formic acid, a& acetic’ acid. .Tn each”case glycine9C was 
released. These results supported the hypothesis. ‘that”: unknown II was a stable 
glycine condensation product, ‘rather than a product. of glycine, oxidation as has been 
suggesteda. However,~unk+-+~ II’ did not cochromatograph with a-phenyl-glycine, 
N-phenylglycine, glycylglycine; glycylglycylglycine,~ “diketopiperazine and phenyl- 
glycinate and thus did not appear to -be one’ of these types. of possible condensation 
products. 

. . 

The glycine condensation ,was directly related to ,the phenol employed and to 
the length of time that the .glycine :.was,‘exposed to the solvent. (Table I). When re- 
distilled phenol (redistilled without preservatives. present) was used, a four fold 
increase in condensation .products- formed during an initial five hour period from 
glycine-2J4C occurred as compared ‘to; the use of nonredistilled commercial phenol 
or the distillation residue. .’ 

Phenol redistilledin’the presence of aluminum tu’rnings a.nd sodium bicarbonate 
yieldecl only x.6 % of the total activity as condensation products after twenty hours 
of chromat,ography. This suggested that formation of glycine unknowns. required the 
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Fig. 2. Radioautogram of the hydrolysis products of unknown II. Whatman No. I filter paper. 
Solvent : +butanol-propionic acid-water. A. Hydrolysis with ammonium hydroxide. B. Hydrolysis 

With HCl. C. No hydrolysis. 

presence of a contaminant which was essentially removed or destroyed by distillation 
in the presence of aluminum turnings and sodium bicarbonate. 

The increase in amount of the glycine condensation products with length of time 
bf chromatography conlirmed that their synthesis occurred during the chromato- 
graphic process. -Direct contact between the -glycine and the phenol solvent was re- 
quired. Suspensions of glycine aliquots spotted on Whatman No. T- filter paper in a 
phenol saturated atmosphere for two weeks produced no detectable condensation 
products. 

Adjustment of the pH- of the phenol solvent from 3.0 to 9.0 caused no significant 
decrease in condensation products. However, prewashing Whatman No. r filter paper 
with oxalic acid decreased glycine condensation by about one third. Saturation of 
the phenol solvent system with 20 y0 saponin, which has been suggested as a means 
of preventing amino acid interactionlz, failed to curtail glycine condensation. 

Chromatography of glycine in phenol solvent containing T y0 (v/v) formaldehyde 
for twenty hours resulted incomplete conversion of glycine to unknown III. Addition 
of. T oh (v/v) formaldehyde to the ti-butanol-propionic acid-water solvent had no 
effect on glycine chromatography. 

One hour incubation of solutions containing glycine-zJ4C, formaldehyde, and 
phenol produced condensation products II and III, ivhile inctibation for 24 h caused 
complete. conversion of glycine-2- 1% to unknown III (Table II). The formation of 
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TABLE I 

PORMATION OF GCYCINE-2 -14c CONDENSATION PRODUCTS IN REDISTILLED PHENOL 

Per tea of totd r&iiouctivity fowd irr condensation firodwts 
- 

Commercial phenol Aedistilled $d~errol* Phenol residue” 

; 0 

;:y 

13.4 0 0 

IO 21.1 ii:: 

I.5 10.8 9.2 25.5 
20 20.0 36.4 12.5 

25 21.4 43.3 19.3 

* Distillation of the phenol was performed in the absence of any additives. 

TABLE II 

EFFECT OF FORMALDEHYDE ON THE PORMATlON OF GLYCINE-2-14C CONDENSATION PRODUCTS 

Com$owtd PhenOln 
c.g.m. 

Phenol* + ZiGHO 
c.pn. 

Glycine 16,488 234 
Unknown I 170 
Unknown II 
Unknown III 

94 3.80; 
0 17,?19 

* Phenol was redistilled from aluminum turnings and sodium ,bicarbonate. Mixtures were 
incubated at room temperature for I h. 

unknown II predominated at low formaldehyde concentrations and short incu- 
bation times, while unknown III was formed with longer incubation times and high 
formaldehyde concentrations. Thus unknown II may have been the precursor of 
unknown’II1. ‘. 

By cochromatography it was shown that unknown II was the same material 
whether formed in commercial nonredistilled phenol or in the presence of added 
.formaldehydc. Radioactive l*C was found in condensation products II and III irre- 
spective of whether formaldehyde-% or glycine-2 -1% were employed (Fig. 3). The 
differences in distribution of radioactivity between II and III on the chromatogram 
resulted from differences in formaldehyde concentration. The formaldehyde-% 
mixtures contained much less formaldehyde than the glycine-z+C plus added un- 
labeled formaldehyde. On chromatograms of biological experiments which utilized 
formaldehyde- l*CI unknown III was a common product. In such experiments unused 
formaldehyde- 1°C and a reservoir of glycine from the biological material were usually 
present. 

The structures of unknowns I, II and III have not been established. Our evi- 
dence indicates that they are condensation products of glycine, phenol and formal- 
dehyde. Such condensation products have been reported13. While such reports have 
been concerned with formation of glycine-phenol-formaldehyde polymers, polymeri- 
zation at the low concentrations employed in paper chromatography has not been 
considered. O&o, m&z and &zra-hydroxybenzyl alcohols, the postulated initial 
products of formaldehyde condensation with phenolrd, were considered as intermedi- 
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Fig. 3. Radioautogram of a chromatogram of the following mixtures incubated for I h prior to 
spotting on the Alter paper. A. Formal’dehyde- lalC in water-saturated phenol. B. Formaldehyde-1% 
in water-saturated phenol. C. Formaldehyde -W and glycine in water-saturated phenol. D. 
Glycine-a -1% and formaldehyde in water-saturated phenol. E. G,lycine-z-l’% in water. Solvent for 

chromatography was n-butanol-propionic acid-water. 

ates in formation of unknowns I, II and III. However, no increase in the 1% conden- 
sation products from glycine -lXZ was observed when the hydroxybenzyl alcohols 
were incubated with glycine and phenol mixtures. 

Experimental results suggest that commercial phenol contains trace amounts 
of formaldehyde or formaldehyde condensation products which condense with glycine 
during paper chromatography. In addition, it appears that ethanolamine forms sirni- 
lar condensation unknowns during paper chromatography with phenol solvents. In 
chromatography where such condensation should be eliminated, redistillation of the 
phenol from aluminum turnings and sodium bicarbonatell and pretreatment of What- 
man No. T filter paper with oxalic acid minimize the problem. 
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SUMMARY 

Three products formed during the paper chromatography of glycine with water- 
saturated phenol as a solvent have been investigated. These unknowns were stable 
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condensation products whose formation was dependent upon the presence of glycine 
and formaldehyde. They were ninhydrin sensitive. Alkaline hydrolysis yielded glycine. 
For chromatographic practices, the amount of glycine or formaldehyde which may 
be converted into the condensation products will depend upon the amount of the 
other component in the mixture. Addition of T O/J formaldehyde normally complexes 
all of the glycine. In usual chromatographic experiments part of the glycine may be 
complexed by residual formaldehyde present in chromatographic phenol. Glycine 
condensation may be minimized by redistilling the phenol solvent with aluminum 
turnings and sodium bicarbonate and by washing the fSter paper with I oh oialic 
acid. 
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