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In 1963, Asselineau and his colleagues [1] isolated f rom the cel ls  of a mycobae ter ium a l ipo-amino 
acid containing no phosphorus and const ructed f rom fatty acid and ornithine res idues .  Subsequently, s im-  
i lar  orni thine-containing l ipids were  found in other  mic roorgan i sms  [2-9]. However,  only in two cases  has 
their  s t ruc tu re  been shown completely:  for  siolipin B (I) isolated f rom Streptomyces  s ioyaensis  [5-8] and 
its analog (II), obtained f rom Rhodopseudomonas spheroides [9]. 

(CH..)3N H2 (C Hi)3NH + 
i I 

R--CONHCHCOOR' R-- CHC H~CONHCHCOOCHCOO - 
1 I 
OH R 

i. R = alkyl or 2-hydroxyalkyl 
R':~ hvdroxyalkyl 

H. ~=R'= a]kyl 

111. R= alkyl 

In the presen t  paper  we descr ibe  the isolation and determinat ion of t h e  s t ruc ture  of a l ipo-amino 
acid (III) which we have found in the cel ls  of Actinomyces No. 660-15.* The l ipo-amino acid (III) is s t r uc -  
tural ly  re la ted to the orni thine-containing lipids mentioned above but differs  from them by the fact that as 
the alcoholic component its molecule  contains a res idue of an aliphatic (~-hydroxy acid, thanks to which 
this lipid acquires  the nature of a bipolar  ion. Lipid (III), isolated f rom the total l ipids by chromatography 
on si l ica gel in the form of a white powder with mp 147-148°C, [ ~ ] ~ - 1 4 . 9  °, gives a positive ninhydrin r e -  
action and does not contain phosphorus.  Its IR spec t rum (Fig. 1) has absorption bands of an alcoholic HO- 

*Producer  of the antibiotic albofungin [10, 11]. 
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Fig. 1. IR spec t rum of the l ipo-amino acid (II) (CHC13). 
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Fig. 2. Mass spectrum of the lac tam (VII). 

group and of the N - H  bond of an amide group (3452 and 3238 cm-t) ,  of an NH~- group (3080 cm-1), of an 
es te r  earbonyl (1730 era-i),  of an amide earbonyl (1638 era-i),  and of an ionized carboxy group (1596 cm-t) .  
It shows no selective absorption in the UV spectrum in the 220-320 nm region. Under the action of N- 
acetoxysuccinimide in the presence  of tr iethylamine,  the l ipo-amino acid (lID forms a N-acetate  (IV) which, 
after t reatment  with diazomethane, gives the corresponding methyl e s t e r  (V). On severe  acid hydrolysis ,  
lipid (III) is cleaved (scheme 1) into a lipophilic moiety,  which consis ts ,  according to th in- layer  chromatog-  
raphy (TLC), of a mixture of aliphatie c~- and fl-hydroxy acids (and also the products of t ransformat ion  of 
the lat ter) ,  and a single hydrophilie fragment identified by paper chromatography (PC) and also by a study 
on an amino-acid analyzer  as ornithine. 

Under the conditions of mild acid methanolysis ,  the lipid (III) is cleaved into a mixture of methyl 
e s t e r s  of aliphatic c~-hydroxy acids and a ninhydrin-posit ive substance having the s t ruc ture  of t h e  

methyl es te r  (VI), which is converted into the lactam (VII) when the methanolysate is t reated with an 
anion exchanger,  followed by chromatography on si l ica gel. The IR spec t rum of the lac tam (VII) is 
s imi la r  to the IR spec t rum of the lactam (VIII), which we synthesized by the condensation of racemic  
a-hydroxypalmi t ic  acid and N6-benzyloxycarbonyl-L-orni th ine  followed by removal  of the protect ive 
benzyloxycarbonyl group and the cyclizat ion of the condensation product (scheme 2). On TLC in var i -  
ous sys tems of solvents, the two lac tams had the same mobility. A final proof of the s t ruc ture  of the 
lac tam (VII) was obtained by mass  spec t romet ry  (Fig. 2). 

An intense peak with m / e  115 probably cor responds  to the ion HO + = CHCH2CONHCHCH 3 formed as 
the resul t  of the cleavage of the lac tam ring of the ion with m/e  185; the formation of the fo rmer  from the 
la t ter  is confirmed by the presence  in the spectrum of the peak of a metastable ion with m / e  71.5. 

The optical rotatory dispers ion curves  of the lac tams (VII) and (VIIh are pract ical ly  identical (Fig. 3) 
which shows the L configuration of the ornithine residue in the lactam (VII) and also in the l ipo-amino acid 
(II[). The methyl es te rs  of aliphatic c~-hydroxy acids obtained by the methanolysis  of the lipid (III) were 
analyzed by a combination of gas-liquid chromatography (GLC) and mass  spec t romet ry  (Table 1). The mass  
spect ra  of the hydroxy es te r s  contain intense peaks with m/e  90 and 103, which are  charac te r i s t ic  for the 
methyl e s t e r s  of c~-hydroxy acids [12], and also peaks corresponding to the M +, [M-H20] +, [M-MeOH] + , 
[M-CH2CH2OH] +, and [M-COOMe] +. The mixture of c~-hydroxy acids gave a positive optical rota tory 
dispersion curve,  on the basis of which we have ascribed the L configuration to it [13]. 

Methanolysis of the lactam (VII) under severe  conditions led to the formation of the methyl e s t e r  of 
ornithine and a mixture of the methyl e s t e r s  of aliphatic fl-hydroxy acids (see Table 1). The mass  spectra  
of the la t ter  contained charac te r i s t i c  peaks with m / e  74 and 103 [12], and also peaks corresponding to the 
ions M +, [ M - l ]  + (both of very low intensity), [M-H20] +, [M-H20-MeOH]  +, [M-  CH2COOMe]+, and [M-  CH2 - 
COOMe-H20-1 ]  +. The mixture of 3-hydroxy acids had a positive optical rotatory dispers ion curve,  show- 
ing the L configuration at the asymmet r ic  carbon atom. 

The s t ruc tures  of the carbon chains of the c~- and fl-hydroxy acids entering into the composition of 
the lipid (III) follow from the following facts: in the NMR spectrum of the acetate of (IV) the methyl groups 
of the fat ty-acid residues are represented by a doublet signal (T 9.11; J = 6.3 Hz), which is charac te r i s t ic  
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f o r  an  i s o p r o p y l  g r o u p ;  on t h i s  b a s i s  i t  m a y  be  c o n s i d e r e d  t h a t  a t  l e a s t  t he  m a i n  a c i d s  of  t h e  l i p i d  c o n t a i n  

a t e r m i n a l  i s o p r o p y l  g r o u p i n g  and h a v e  no  o t h e r  b r a n c h i n g  p o i n t s .  T h i s  is a l s o  c o n f i r m e d  by t h e  f a c t  t h a t  

t he  r a t i o  of  the  a r e a s  of  the  m e t h y l e n e  p r o t o n s  (T 8.72) and of  the  p r o t o n s  of  the  m e t h y l  g r o u p s  in t he  N M R  

s p e c t r u m  found (3.44) a g r e e  w e l l  w i t h  t he  c a l c u l a t e d  r a t i o  (3.50).  F u r t h e r m o r e ,  in t he  m a s s  s p e c t r a  of  t he  

methyl esters of the hydroxy acids, shown in Table 1 as iso-acids, the peak with m/e 43 ([Me2CH]+~ is one 
of the strongest, unlike the methyl ester of fl-hydroxy-n-hexadecanoic acid. 

It follows from the figures given that the molecule of the lipid (Ill) is constructed of L-(~-hydroxy 
acid, L-fl-hydroxy acid, and L-ornithine residues. As a quantitative analysis showed, these components 
are present in a ratio of 1: i: I. The formation of the lactam (VII) and of E~-hydroxy esters of mild acid 
methanolysis of the lipo-amino acid shows that the L-fl-hydroxy acids in the molecule of the latter have an 
amide link with the a-amino group of the L-ornithine. In this case, the L-a~-hydroxy acid must be attached 
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TABLE 1. Composit ion of the Fat ty Hydroxy 
Acids of the L ipo-amino  Acid (IlI) 

Acid 

isO-Cl4:0 
iso-C~5:0 
i$o'~16:0 

n-Cl6:O 
iso'Ci7:0 

I a-Hydroxy 
Vre 1 t relative 

amount, % 

0,196 < 1 
O, 2921 68,0 
0293 " 22,_5 

0,618 9,4 

B-Hydroxy 

V ~el relative 
• amount, % 

0,315 5,2 
0,462 33,0 
0,520 11,3 
0,670 50,5 

*Vre 1 r e p r e s e n t s  the re tent ion volume of 
the methyl  e s t e r s  of the hydroxy acids r e l a -  
tive to methyl  ~ - h y d r o x y s t e a r a t e .  

io[ 

- l !  

-12 

200 

VIII 

240 28g ,?2O ?Sg 4gg 
,~,pm 

Fig. 3. Optical ro ta to ry  d i s p e r -  
s ion ' cu rves  of the l a c t a m s  (VII) 
and (VIII). 

by an e s t e r  bond e i ther  to the ornithine res idue or  to the 
fl-hydroxy acid res idue .  In o rder  to make a choice be -  
tween these  two poss ib le  s t ruc tu res ,  we subjected the N- 
acetyl  der iva t ive  (IV) to hydroborat ion.  Severe  a c i d m e t h -  
anolysis  of the hydrobora t ion  product  gave the methyl  e s -  
t e r  of ornithine,  the methyl  e s t e r s  of B-hydroxy acids ,  and 
a mix ture  of al iphatic  ~-diols ;  methyl  e s t e r s  of ~ -hydroxy  
acids and 2 ,5 -d iaminopen tan - l -o l ,  the product  of the r e -  
duction of ornithine,  were  absent  f rom the methanolysa te .  
It follows f rom this that the f ree  carboxy group of the 
lipid bel ongs to the ~ -hydroxy  acid res idue  and, thus, the 
s t ruc tu re  (III) is the only poss ib le  one for  it. 

The l ipo-amino  acid (IIl) amounts to about 35% of 
the po la r  cell l ipids of Act inomyces  No. 660-15; this fact,  
and also the b ipolar  nature  of the l ipid and the p re sence  
of two fatty chains in its molecule ,  pe rmi t s  the assumpt ion  
that it is p r e sen t  in the cell m e m b r a n e s  as one of thei r  
s t ruc tura l  components .  

E X P E R I M E N T A L  

Type KSK si l ica gel was used for  column c h r o m a -  
tography and for TL C. The TL C pla tes  were  p r e p a r e d  by 
a published method [14J and the following solvent  s y s t e m s  
were  used: 1) C H C 1 3 - M e O H - w a t e r  (65 : 25 : 4), 2) CHC13- 
M e O H - A c O H - w a t e r  (80: 13: 8: 0.3), 3) CHC13-MeOH-  
w a t e r - c o n c ,  aqueous NH3 (65: 36: 8: 1), 4) CHC13-MeOH 
(7: 1), and 5) b e n z e n e - E t O A c  (8: 1). The subs tances  on 
the c h r o m a t o g r a m s  were  revealed  with 50% H2SO 4 followed 
by heating at 180-200°C, by a 0.1% ethanolic solution of 
mor in ,  and by a 0.3% solution of ninhydrin in ethanol.  P a -  
pe r  ch romatography  was p e r f o r m e d  on Leningrad S [ "me-  
dium"] pape r  in the following sys t ems :  6) n - B u O H - A c O H -  
wa te r  (4 : 1: 5, upper  phase),  7) n - B u O H - H C O O H - w a t e r  
(75: 15: 10), 8 ) w a t e r - s a t u r a t e d  phenol, and 9) n -BuOH-3% 
aqueous NH3 (3: 1, upper  phase).  The spots of the sub-  
s tances  were  revealed  with the ninhydrin reagent .  

The methyl  e s t e r s  of the ~ -  and fl-hydroxy acids 
were  ana lyzedonanLKB-9000  instrument;  ch roma tog raph -  
ic separa t ion  was p e r f o r m e d  on a column (3000× 3 mm) 
with 3% of SE-30 on Chromosorb  W (40-60 mesh) ,  t e m -  
pe r a tu r e  190°C, c a r r i e r  gas helium (60 ml /min ) .  The 

f rac t ions  Corresponding to individual peaks  on the c h r o m a t o g r a m  were  introduced d i rec t ly  into the ion 
source;  the energy of the ionizing e lec t rons  was 70 eV. The m a s s  spec t r a  of the other  compounds were  
recorded  on an MKh-1309 m a s s  s p e c t r o m e t e r .  

The amino-ac id  analys is  was effected on a Unichrom (Beckman) ana lyzer .  The IR s p e c t r a  were  r e -  
corded on a UR-10 (Zeiss)  spec t rograph  and the NMR spec t r a  on a JEOL-4H-100  (Hitachi) s p e c t r o m e t e r  
at 100 MHz in CDC13 with MeaSi as internal  s tandard,  and the optical ro ta tory  d i spers ion  curves  (and [O~]D) 
on a Cary-60  s p e c t r o p o l a r i m e t e r  in MeOH (for the l ac tams)  or  in heptane (for the hydrox3" acids).  

The r e su l t s  of the e l emen ta ry  analyses  of the substances  cor responded  to the calculated f igures .  The 
culture of Act inomyces  No. 660-15 was grown for  four  days at 28°C on a medium containing 1.5% of s ta rch ,  
0.5% of ma ize  ex t rac t ,  1% of glucose,  0.5% of CaCO3, 0.5% of NaC1, and 0.3% of (NH4)2SO4; pH 6.8-7.0. The 
myce l ium was separa ted  by centrifuging,  washed with water ,  and f r eeze -d r i ed .  

Extract ion of the Total  Lipids .  The f r e e z e - d r i e d  myce l ium (200 g) Was ex t rac ted  with CHC13-MeOH 
(2 : 1; 2×2.5 l i t e r s )  and then with CHC13-MeOH (1 : 1; same volume).  The combined ex t rac t s  we re  evapora ted  
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to d ryness  and the residue was dissolved in 800 ml of CHC13-MeOH (2: 1) and washed with 160 ml of a 
0.58% solution of NaC1. The lower  phase, after  the elimination of the solvent, gave 30.4 g of the total cell 

1 ip ids. 

Isolation of the Lipo-amino Acid ([[I). Onto a column of 450 g of sil ica gel was deposited 30.4 g of 
the total lSpids in 100 ml of CHC13. The column was washed with 1.5 l i ter  of CHC13 and, af ter  this, elution 
was continued with mixtures  of CHC13 and MeOH with a gradually increasing concentrat ion of the la t te r  
(from 35 : 1 to 1: 1), elution being completed with pure MeOH. The eluates (20-ml fractions) were analyzed 
by TLC in sys tem 1. The fract ion (1.2 g) obtained on elution with CHCL3-MeOH (3: 1, 2: 1, and 1: 1) and 
with MeOH was rechromatographed on 400 g of sil ica gel; mixtures  of CHC13 and MeOH (2 : 1 and 1 : 1) 
eluted 750 mg of a fraction enriched in the l ipo-amino acid (III). The la t ter  was isolated by two or three 
repetitions of prepara t ive  TLC on 20x 20-cm plates with a thickness of the l ayer  of absorbent  of 0.4 mm; 
not more  than 40 mg of the mixture was deposited on each plate. A total of 65 mg of the l ipo-amino acid 
(IH) was obtained, with mp 147-148°C, [~]D-14.5°  (CHC13-MeOH, 2: 1; c 0.27), Rf 0.40 (in sys tem 1), 0.15 
(2), 0.44 (3). 

The Acetate (IV). At 0°C, 0.2 ml of Et3N and then 6 mg of N-acetoxysuccinimide was added to a sus -  
pension of 23 mg of the lipid (II[) in 3 ml of CHCL3-MeOH. The mixture was left at 20°C for 15 h, and then 
it was diluted with 10 ml of CHC13 and was t reated with Dowex 50 (H+). The resin was f i l tered off, the 
filtrate was evaporated, and the residue was subjected to TLC in system 1. This gave 17 mg of the acetate 
(IV) with [a]~+6.5°  (CHC13; c 1.6); Rf 0.43 (system 1), 0.61 (2), 0.72 (3). [R spect rum (in CHC13): Vmax 
3322 cm -l  (alcoholic HO group and amide NH groups), 1728 cm -1 (ester and acid carbonyls),  and 1655 and 
1556 cm -1 (amide I and H bands). Treatment  of the acetyl derivative (IV) with an ethereal  solution of diazo- 
methane gave the methyl e s t e r  (V), Rf  0.79 (system 1), 0.65 (system 4). 

Acid Hydrolysis  of the Lipid (III). A mixture of 20 mg of the lipid (III) and 1 ml of 6 N hydrochlor ic  
acid was heated at 105°C for 24 h. After cooling, it was diluted with 4 ml of water  and extracted with ether  
(3× 5 ml). The combined extract  was washed with 2 ml of water  and t reated with an ethereal  solution of 
diazomethane; the ether was distilled off and the residue was found by TLC in sys tem 5 to contain methyl 
es te r s  of v~- and ~-hydroxy fatty acids. The combined aqueous phase was found by TLC in sys tem 8, PC 
in sys tems  6-8, and also by analysis on an amino-acid analyzer  to contain ornithine (3.46 mg, 17% of the 
weight of the initial lipid). 

Mild Acid Methanolysis of the Lipid (liD. A mixture of 20 mg of the lipid (III) and 3 ml of a 5% so-  
lution of HC1 in MeOH was left at 20°C for 20 h and was then neutralized with Amberli te XE-58 (OH-), the 
MeOH was distilled off, and the residue was subjected to TLC in system 5 to give 7.9 mg (40% of the weight 
of the initial lipid) of methyl e s t e r s  of ~-hydroxy acids, Rf 0.48, and 9.5 mg of the lac tam (VII}, Rf 0.00; 

96-98°C, [~]~-19 .3  ° (CHCI3; c 0.16), Rf  0.72 (system 1), 0.69 (2), 0.53 (4). IR spec t rum of the lac tam mp 
(VII) (in CHCI3): Vma x 3364 cm-1 (alcoholic OH and amide NH groups), 1660 and 1562 cm-1 (amide I and 
II bands). 

Methanolysis of the Lac tam (VII). A solution of 7 mg of the lactam (VII) in 2 ml of 5% HC1 in MeOH 
was heated in a sealed tube at 105-110°C for 30 h. After cooling,the mixture was neutralized with Amberli te 
XE-58 (OH-), the MeOH was distilled off, and the residue was subjected to TLC in sys tem 5, giving 2.8 mg 
[40% of the weight of the initial lipid (III)] of methyl e s t e r s  of fl-hydroxy acids, Rf 0.41. Paper  chromatog-  
raphy in system 9 showed the presence  in the methanolysate of the methyl es te r  of ornithine. 

Hydroboration of the Acetate (IV). Over 1 h, an excess of diborane was passed into a solution of 5 mg 
of the acetyl derivative (IV) in 2 ml of te trahydrofuran.  The mixture was left in an atmosphere of argon at 
20°C for  48 h, af ter  which 3 ml of MeOH was added. The solvents were distilled off and the residue was 
heated with 2 ml of 5% HCI in MeOH at 105°C for 30 h. After cooling, the mixture was neutralized with 
Amberl i te  XE-58 (OH-), and TLC in sys tems 1, 4, and 5 showed the presence in the methanolysate of the 
methyl e s t e r s  of fl-hydroxy fatty acids and aliphatic a -d io l s  (octadecane- l ,2-diol  was used as a m a r k e r  for 
the lat ter) .  Paper  chromatography in sys tem 9 showed the presence  of the methyl e s t e r  of ornithine in the 
methanolysate.  

N6-Benzyloxycarbonyl -N~-( rac -2 ' -hydroxypa lmi toy l ) -L-orn i th ine  (X). This compound was obtained 
by the method described previously for Ne-benzyloxycarbonyl -Neg-( rac-2 ' -hydroxys te roy l ) -L- lys ine  [15]. 

A. N-(2-Hydroxypalmitoyl)succinimide (IX). To a suspension of 7.9 g of a -hydroxypalmi t ic  acid in 
500 ml of EtOAc were added 3.35 g of N-hydroxysuccinimide and then 6.0 g of dicyclohexylcarbodiimide.  
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The mix ture  was s t i r r ed  at 20°C for 12 h. Then the prec ip i ta te  was f i l tered off, the f i l t ra te  was evapora ted  
to d ryness ,  and the res idue  was r ec ry s t a l l i z ed  f rom MeOH. This gave 7 . 9 g  (74%) of the e s t e r  (IX) with 
mp 76-77°C. 

Found, %: C 65.28; H 9.47; N 3.35. C20H35NO 5. Calculated %: C 65.01; H 9.55; N 3.54. 

B._=. The Benzyloxycarbonyl  Derivat ive (X). A solution of 4.02 g of the e s t e r  (IX) in 20 ml of t e t r a -  
hydrofuran  was added to a solution of 2.9 g of N°-benzy loxycarbony l -L-orn i th ine  and 2.5 g of NaHCO 3 in 
300 ml of 50% aqueous t e t rahydrofuran ,  and the mix ture  was lef t  at 20°C for  12 h, a f ter  which the t e t r a -  
hydrofuran was dist i l led off and the res idue  was acidified to p h i l  and ex t rac ted  with CHC13 (3× 150 ml).  
The combined ex t r ac t  was washed with wa te r  (2 × 150 ml), the CHC13 was dist i l led off, and the res idue was 
r ec rys t a l l i z ed  f rom EtOAc. This  gave 3.35 g (68%) of the benzyloxycarbonyl  der iva t ive  (X) with the c o m -  
posi t ion C29H48N206, mp 78-85°C, Rf 0.35 (in sys tem 1), 0.74 (2). IR spec t rum (in KBr): Vma x 3318 cm -1 
(HO and NH groups),  1694 cm -1 (carboxy carbonyl) ,  and 1672 and 1562 cm -1 (amide I and II bands). 

N G - ( r a c - 2 ' - H y d r o x y p a l m i t o y l ) - L - o r n i t h i n e  (XI). At 25°C and a tmospher ic  p r e s s u r e ,  1.2 g of the 
benzyloxycarbonyl  acid (X) in 25 ml of t e t r ahydrofu ran  was hydrogenated in the p re sence  of 1 ml of glacial  
AcOH over  0.3 g of pal ladium black. Af ter  the absorpt ion of hydrogen had ceased,  the prec ip i ta te  was 
f i l te red  off and was ex t rac ted  with boiling MeOH (2× 10 ml).  The res idue obtained af ter  the evaporat ion 
of the ex t rac t  was r ec ry s t a l l i z ed  f rom MeOH. This  gave 0.79 g (90%) of the amino acid (XI), composi t ion 
C21H42N204, mp 146-148°C; Rf 0.18 (in sys t em 1)° IR spec t rum (in paraff in  oil): Vma x 3324 cm -1 (HO and 
NH groups),  1654 and 1570 c m - l ( a m i d e  I and II bands),  1596 cm-1 (ionized carboxy group and NH3). 

The L a c t a m  (VIII). A mix ture  of 200 mg of the amino acid (XI) and 15 ml of 5% HC1 inMeOH was 
boiled for 30 rain and was then lef t  at 25°C for  12 h. After  this,  the MeOH was dist i l led off, the res idue was 
dissolved in 20 ml of CHC13, and the solution was washed with sa tura ted  NaHCO 3 solution and with water .  
The res idue obtained a f t e r  the dist i l lat ion of the CHCI 3 was  r ec rys t a l l i z ed  f rom aqueous MeOH. This gave 
166 m g  (87°/v) of the l ac t am (VIII), composi t ion C21H40NO3, mp 140-142°C, [c~]~-16.9 ° (MeOH; c 0.17). IR 
spec t rum (CHC13): Vmax3364 cm -1 (I-IO and NH groups),  1660 and 1562 c m - I  (amide I and II bands). NMR 
spec t rum (see formula  A): r 2.37 (quadruplet,  1 H, Ha) , 2.99 (doublet, 1 H, Hb) , 5.59 (multiplet,  1 H, Hc) , 
5.88 (triplet ,  1 H, Hd) , 6.66 (2 H, H e and Hf  or  Hg), 7.68 (multiplet, 1 H, H f o r  Hg), 8.78 (stnglet,  CH 2 in a 
chain), 9.08 (triplet,  3 H, CH3). Mass  spec t rum:  

m/e 172 (with mxgration of 1~) 
I rn/e 99 (with migration of H) 

m / ,  1,1, I 
d _ _ ~ . _  __ I / ~ , ~ / H f l . .  pHg m/e 368 (M +) 

OHe !/e 113 ~ 0  a 

S U M M A R Y  

F r o m  the sum of the cell l ipids  of Act inomyces  No. 660-15 we have isolated a new orn i th ine-con-  
taining l ipid the molecule  of which is cons t ruc ted  of res idues  of L - a  and L-f l -hydroxy fatty acids and L -  
orntthine.  
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