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Although c+aninoadiplc acid has been established as a precursor of lysine 

in yeast (Strassman and Weinhouse, 1953; Broquist et al, i%la), and Neurospora 

(Mltcheli and Houlahan, 1948; Windsor, lgsi), the intermediate steps In its 

transformation to lysine are not known. a-Aminoadlpic-&-semialdehyde has been 

postulated as an intermediate (Yura and Vogel, 1959; Sagisaka and Shimura, 1959; 

and Broquist et al m-N 196lb), but the free semialdehyde has not been isolated. 

During a study of the metabolic fate of a-C 14 -DLzr-anlnoadlpic acid In resting 

yeast ceils, an unknown radioactive compound, termed ‘compound Br, was formed, 

Upon continued incubation, the radioactivity of compound B decreased, wlth the 

concomitant appearance of radloactivity in iysine. A cell-free extract from 

yeast was subsequently obtalned which efficiently converted a-mninoadlpate to 

compound B but did not form lysine. Crystalline compound B was isolated from 

both the restlng ceil and cell-free systems and was found to be identical wlth 

L-saccharoplne which has recently been isolated from yeast by Darling and Lar- 

sen (1961) and shown to be e-N-(L-glutaryl-2)-L-iysine (Fig 1.) by Kjaer and Lar- 

sen (1961). 

Separation of a-aninoadlpic acfd, compound B, and lyslne was achieved by 

chranatography on a Dowex-1-formate column employing an emnonlum formate gra- 

dlent eiution. Table I illustrates the formation of compound B from a-mnino- 

adipate and subsequent iysine biosynthesis by resting yeast cells. It was pos- 

sible to account for all of the administered r-C 14 -DLa-irainoadipic acid radlo- 

activity. After thirty minutes Incubation, half of the initial a-aninoadiplc 

acid had dlsappeared from the medium; of the radioactivity in the cells, 90% was 
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accounted for as compound B while only 10% of the radioactivity appeared in 

lyslne. If  the residual radioactivity in the medium is due to D-CL-aninoadipic 

acid, as SBB~S likely, the synthesis of compound B in this system is extreme- 

ly efficient. After 2 hours incubation, the radioactivity of compound B de- 

creased to 40% of the total activity in the cells with a corresponding rise in 

radioactivity of iysine to 60%. 
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Ffg. I. L-Saccharop 1 ne, compound B, and L-pyrosaccharopine structures. 

A ceil-free yeast extract which forms compound B from a-aninoadipate was 

prepared as foi lows. One pound of Fleislznanrs yeast was frozen and thawed sev- 

eral times in liquid nitrogen. The homogenate was extracted for 2 hours with 

0.1 II phosphate buffer, pH 7.5, on a shaker at O’C. The mixture was centri- 

fuged at 10,000 x 2 for 20 minutes to remove the cell debris, and the turbid 

supernatant was iyophiiized ianadiately (yield, 30.59). Two grass of the iy- 

ophilired material was dissolved in 0.02 M phosphate buffer, pH 7.5, and 

treated with Sephadex G-50 (Pharmacia Co.) to separate the proteins from com- 

pounds of low molecular weight (Kisliuck, 1960). These latter fractions were 

iyophiiized and served as a source of enzyme and ucofactors”, respectively. 

The experiment described in Table 2 indicates that synthesis of compound B is 

dependent on cx-aninoadipate, llcofactorsl’, and enzyme. 

The enzyme system described above was used to prepare large quantities of 

compound B for chemical characterization. The deproteinized reaction mixture 

was purified by column chromatography using the following sequence: Dowex- I - 

formats, eiuted with an mnnonium formate gradient; Dowex-50 (hydrogen form), 
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TABLE I 

Time Sequence Study of Lysine Formation From DL%-Aminoadipic 
Acid in Resting Cells of Saccharomyces cerevlseae 

Experimental : To 17 ml 0.1’4 pH 3.5 phosphate was added 2.2 uc E-C “-DL$+ 
aninoadipic acid, 175 mg glucose, 2 gm (wet weight) 2. cereviseae cells+, and 
the suspension vigorously shaken at I!?%. A’iqouts were removed at appropri- 
ate tima intervals, and the cell suspensions centrifuged immediately at 2oC. 
Radioactivity in the supernatant was determine& and ascribed solely to re- 
sidual Cr-aninoadipate, since chromatographic procedures revealed this aino ac- 
id as the only radioactive component in this fraction. 

The ceils were washed, frozen and thawad six times with liquid nitrogen, 
and finally treated with cold perchioric acid. The suspension was then cen- 
trifuged, perchloric acid removed from the supernatant by precipitation as the 
potassium salt, and the extract which contained free iysine and compound B 
chromatographed on a Dowax-I-formate column. The perchioric acid precipitate 
together with the cell debris was acid hydrolyzed (6N HCI, ‘iO°C, 36 hrs) to 
release protein-bound lysine, and the hydrolyrate chrunatographed on a sepa- 
rate Dowex-I-fonnate column. Radioactivity in the column eluates appropriate 
for compound B and total iysine was determine&. 

Incubation 
time 

(min.) 

0 

30 

60 

In medium 
a-aninoadipate 

1.00 

0.498 

0.482 

Radioactivity* 
In cells 

,1B,1 Lysine Lysine + “B” 

0 L 

0.424 0.048 0.472 

0.225 0.258 0.483 

‘20 0.5'0 0.205 0.304 0.509 

'80 0.505 0.156 0.306 0.462 

4 
Expressed as: radioactivity found 

initial radioactivity of a-aninoadipate 

+ 
18 hr. cells of Saccharomvces cereviseae (Y-80, a prototrophic strain, pro- 
vided by Dr. H. Tresnor, Lederie Laboratories, Inc.) grown on glucose- 
tryptone-yeast extract medium. 

Radioactivity of yeast fractions was determined by drying an aliqout of the 
sanpie on a metal pianchet and counting in a windowless Gas-flow counter. 

eiuted with IN anonium hydroxide; Dowex-I-formate, eluted with a formic acid 

gradient. The final eluate, after treatment with activated charcoal, yielded 

crystalline compound B with constant specific radioactivity from water: eth- 

anol mixtures at pH 3.5. The same procedure was used to isolate crystal 1 ine 

compound B synthesized by whole cells. A comparison of the infra-red spectra 
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showed that the crystals obtained frcnn the whole cell experiment and from the 

enxymic reaction were identical. Elemental analysis gave: 

C I 47.17%; H = 7.57%. N - lO.OPg, calculated for CllH20N206: C * 47.82%; 

H - 7.30% N = 10.14%. 

TABLE 2 

Enzymatic Formation of Compound B From a-C 14 -DLa-llninoadipic Acid 
in a Partially Purified Cell-Free Extract of Baker’s Yeast. 

The additions shown in the table, at pH 7.0 were shaken for 2 hrs. at 30°C. 
The reaction mixtures were then deproteinited by treatment with perchioric acid 
and centrifuged. The clear supernatants were spotted on Whatman No. 1 paper 
and chromatographed in a butanol-acetic acid-water (4:i:l) system by descending 
chromatography. 

Additions per ml. 
a-aainoadIpate* cofactors* 

+ 122mg 

+ 8, 

+ II 

+ I, 

+ II 

+ 

+ m 

enzyme* 

8. Eg 

‘7.0 

25.5 

34.0 

34.0 

crude- 

Radioactivity found in 
compound B (counts/min*) 

0 

93 

152 

300 

538 

2 

628 

+ DL<-aninoadipic acid, 30 pmoles per ml, containing 10,000 cpm as s-C ‘kDL- 
a-aoinoadipic acid. 

* The radioactive spot corresponding to tlBll was cut out, and counted in a 
windowless gasflow counter. 

- Sephadex treatment omitted. 

* See text. 

Compound B is an optically active, ninhydrin positive amino acid which 

melts with decomposition at 242’-244’C, The compound has four pK values, 

2.5, 3.9, 9.2, and 10.2, indicating the presence of at least two nonequivc 

lent mines and acidic groupings. Compound B and saccharopine can not be 
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distinguished from one another by paper chromatography, and they exhibit ident- 

ical infra-red spectra and K-ray diffraction patterns. On heating compound 6 

with 6N HCi for 24 hours at ilO°C, a new ninhydrin positive amino acid was 

formed. This degradation product, subsequently isolated in crystalline form, 

gave an infra-red spectrum and melting point identical to those of L-pyrosac- 

charopine (Fig 1), which Kjaer and Larsen (1961) had obtained from L-saccharo- 

pine by similar procedures. 

Compound B does not support the growth of the lysine auxotroph, Neurospora 

crassa (33939), which is able to utilize+aninoadipate In lieu of lysine; how 

ever compound B may be unable to penetrate such cells. Detailed studies of 

the manner in which compound B is formed frana-aainoadipic acid and subse- 

quently converted to lysine by suitable cell-free enzyme systems are in prog- 

ress. 

We would like to express our grateful appreciation to Dr. P. 0. Larsen 
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