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The structure of palmitylcarnitine chloride has been studied 
by single crystal X-ray diffraction techniques. The final structure of 
this molecule shows that the carnitine moiety has a conformation similar 
to that of acetylcarnitine and acetylcholine. The molecular packing of 
this compound is interesting and rarely found in solid structures of 
amphipathic molecules. 

INTRODUCTION 

Carnitine and its derivatives are found in a large number of 

plant and animal tissues. (1) Carnitine has been shown to be an inter- 

mediate of fatty acid transport into mitochondria through the formation 

of a camitine fatty acid ester. (2) It is now established that carnitine 

is available to mammals both from dietary sources and from the biosyn- 

thesis of essential amino acids of lysine and methionine. (3) It has 

also been shown that the carboxyl ester derivatives of camitine possess 

acetylcholine-like activity. (4) Carnitine in the fatty acid oxidase- 

deficient insect flight muscle affects carbohydrate utilization via a 

role in pyruvate metabolism. (5) The phospholipid membrane permeability 

of acetylcarnitine and palmitylcarnitine is different; artificial phos- 

pholipid membranes are permeable to palmitylcarnitine but not to acetyl- 

camitine.(6) The mechanism of acyl carnitine transport into membranes 

has been studied by means of the electrochemical gradient of H+ ions 

and it may be concluded that transport is due to a movement of protonated 

acyl carnitine down the H+ ion gradient generated by the redox of ATPase. (6) 

The structural analysis of acetylcarnitine chloride has recently 

been done by single crystal X-ray diffraction techniques. (7) The relation- 
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ship between the structural and functional similarity of acetylcarnitine 

and acetylcholine was discussed. This paper reports the crystallographic 

study of palmitylcarnitine chloride and compares the conformation of the 

carnitine moiety in this molecule with that of acetylcarnitine. Also, 

the crystal structure study of this molecule is important to an under- 

standing of the relation between membrane structure and the stereostruc- 

ture of molecules active in membrane transport systems. 

EXPERIMENTAL 

The compound palmitylcarnitine chloride was prepared by "method 

C" of Ziegler, Bruckner and Binon. (8) Crystals suitable for X-ray diffrac- 

tion study were obtained by ether diffusion into a 95% ethanol solution of 

this compound at room temperature. The crystals are monoclinic (space 

group P21/n) with cell dimensions, a = 8.3&, b = 51.3901, c = 6.2& and 

p = 97.904 degrees. The density of crystalline palmitylcarnitine chloride 

was measured to be l.O7g/ml by "flotation method". This compares with 

the calculated density of l.O8g/ml assuming four molecules per unit cell. 

Three dimensional data were collected on a Philips PAILRED diffractometer 

employing equi-inclination geometry and using silicon(ll1) monochromatized 

molybdenum I&, radiation. All reflections for which the statistical count- 

ing error exceeded 40% were rejected. (9) A total of 6450 reflections were 

measured. Of these, 2414 independently observed reflections were used in 

the final structure analysis. 

The chlorine atom position was determined from a three-dimensional 

sharpened, origin removed Patterson synthesis. The chlorine atom was then 

used as a phasing model from which the fifteen carbon atoms on the long 

fatty acid chain were located. Scale factors, positional parameters and 

isotropic temperature factors were refined to an R value of 0.239. Re- 

finement of anisotropic temperature factors reduced R to 0.156. Hydrogen 

atom positions were then located from a three-dimensional difference 

Fourier synthesis. Refinement was continued on all positional parameters, 
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Figure 1 The structure of the palmitylcarnitine molecule 

in crystals of palmitylcarnitine chloride. 

scale factors, anisotropic temperature factors on the non-hydrogen atoms 

and isotropic temperature on the hydrogen atoms. The final conventional 

R value was 0.097. Final positional parameters for all the non-hydrogen 

atoms are listed in Table 1. 

RESULT AND DISCUSSION 

The conformation of the carnitine moiety in the molecule of 

palmitylcarnitine is shown in Figure 1. The distance in anstroms of each 

atom from the plane defined by C(15), C(16), O(2) and O(1) is given. 

Figure 2 shows the calculated bond lengths and bond angles for the non- 

hydrogen atoms. The estimated standard deviations of bond lengths 

involving non-hydrogen atoms are approximately O.Olli. The estimated 

standard deviations of bond angles are approximately 0.6'. The average 

C-C bond distance on the fatty acid chain is 1.509x, and the average 

C-C-C angle is 115.2'. Relatively short bond lengths and large bond 

angles have previously been reported for long hydrocarbon chains, e.g., 

1.51i and 114.6' for Q-tricaprin ( 10) , 1.511i and 114.2' for DL-2-methyl- 

7-oxododecanoic acid (11) , 1.512x and 113.9' for 13-oxoisosteric acid (12) , 

1.5161 and 113.9' for triacetylsphingosine. (13) These values can most 

probably be explained as the result of thermal motion of the chain. The 

O(4)-Cl distance of 2.96x is very close to the reported value of 2.97x 
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Figure 2 Intramolecular bond length and bond angles 
of Palmitylcarnitine molecule. 

for acetylcarnitine chloride but is smaller than the reported value of 

3.Od for choline chloride!14) The chlorine atom to the nearest nitrogen 

atom distance is 3.981e and to the nearest nitrogen methylcarbon atom is 

3.604. 

The configuration of the carnitine moiety in the molecule of 

palmitylcarnitine and that of acetylcarnitine are very similar. This 

configuration is observed in many cholinergic molecules. Referring to 

Figure 1, the N-0(2) distance of 3.1311 for palmitylcarnitine compares 

with values of 3.221 and 3.261 observed in acetylcarnitine and acetyl- 

choline chloride(15), respectively. The distance from O(2) to the nearest 

nitrogen bonded methyl group is 3.171 for acetylcholine chloride, 3.02x for 

acetylcarnitine and 2.9L4 for palmitylcarnitine. Table 2 lists selected 

torsional angles found in palmitylcarnitine. The torsion angle N-G(20)- 
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TABLE 2. 

Selected Torsional Angles for Palmitylcarnitine 
Chloride Molecules 

C(23)-N-C(20)-C(17) 172.7“ 

N-C(20)-C(17)-O(2) 82.0' 

C(20)-C(l7)-O(2)-C(16) 154.4" 

C(l7)-O(2)-C(l6)-O(1) - 0.4O 

Figure 3 The crystal packing diagram of [loo] 

projection of the unit cell. 

C(17)-O(2) of 82' compares with the value of 87.9' for acetylcarnitine. 

This is consistent with the shorter N-0(2) distance in palmitylcarnitine. 

The torsion angle C(20)-C(l7)-O(2)-C(l6) of 154.4" is in a near trans 

configuration and agrees with the trans C-C-O-C conformation normally 

found in primary esters. (16) The gauche configuration for N-C(20)- 

C(17)-O(2) and the trans configuration for C(20)-C(17)-0(2)-C(16) are 

found in a number of cholinergic molecules. (7) 

Figure 3 shows the crystal packing diagram of the a-axis 
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projection of the unit cell. The interdigitating crystal packing pattern 

of this molecule is interesting in that it is rarely observed for molecules 

with a polar head and a long nonpolar tail. The molecules are arranged 

in a zig-zag layer pattern along the b-axis direction. In the molecule 

the chain axis forms an angle of 78.3' with the plane defined by C(16), 

O(1) and O(2). Regions of chain packing alternate with regions of carni- 

tine and chloride polar groups. 

From the mechanism study of acyl camitine transport into 

mitochondria three molecular structures of palmitylcarnitine have been 

proposed. (‘3 Inner salt and zwitter ion structure are electroneutral 

while the cationic form is reported as the active one in the membrane 

translocation. The crystal structure of palmitylcarnitine chloride 

may thus be indicative of the structure of the membrane active species. 
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