Volume 34, mumiber 2

FEBSLETERS

Avgust 1973

PERMEABILITY OF | M?TOCHONDR&A TO NEW‘RAL AMT!ND ACID“S

PI. HALLING M D BRAI*ID and J .B. ChAPPELT _
- Deparymenz @f Binchemistry, University of Bristol, Bristol, BS8 1TD, UK

Received 29 May 1973

1. Ilnh'@dncﬁon

Although a great deal of work has been carried out
on the permeability of the mitochondrial membrane
{1,2], tittle is known of its permeability to neutral

amino acids. What evidence there is suggests that mito- '

chondria are permesble to some amino acids [3—71-
We have investipated the permeabilitv of mitochon-

dria to a selection of neutral amino acids and present
a discussion of the mechanism of entry. s

2. Materials and methods

Rat liver mitochondria were prepared according 1o

{8] . rat brain mitochondria according to [9]. Protein
was assayed by a modified biuret method 3 mc@rpoxai—
ing deoxycholate to solubilise the mitochondria.
Swe]]mg was measured at 640 nm as described in. Iip.

- Liposcmes Were prepared by gentle shakmg as de—

seribed in 110} using crude soy-bean phospholipids o1

—lamﬂam + 10% dicstyl phorphoric acid; the medium |

was 230 mM K80y, 5 mM Tris—Cl, 1 mM EGTA, pH -

7.4 or 25 mM KC] 5 mM Tris—Cl, 1 mM EGTA, pH

‘which' were from Koch-Light Laboratories | Lid.,.
i woln’bmmk TK; and- S-amino valeric amﬂ and 6- amm@

“caproie acid which were fmm Ra}ph N Emanuel lm.,

Wemblﬂy,, Mldﬁx,, EBK _

) Table 1
Rates of swelling of mitochondria.

%% OfF zate in S-alanine

7.4 {1 1] swellmg nf Ihposomes Was. f@llowed at 4@@ : B

e Al subsirates were @biameﬁ fmm B.D H Bms:ﬁhem- :
aca]s, Pm:ale UK, ‘except for the 3-amino. butync acids 7

Compound = Liver . Brain~
mitochon- mitochon-
dria . dria

Glycine 39 . 74

L-Alaning 50 - 67

DL-Alanine : .51 R L

B-Alanine - . (100 - (10

L-Valine ) 63 -

DL-Valine : 61 ‘ -

DiL-Nor-valine ' ‘33 50

L-1sclencine 18 —

DL-2-Amino-n-butyric acid 28 . 29

2 Amiro-iso-butyric acid - 25

DIL-3 Amino-n-bulyric acid 23 25

- 3-Aminc-iso-butyric acid - .43 32
4-Amino-n-butyric acid {'GABAD .23 26
5-Amino valeriz acid 7 6 -
B-Amino caproic agid . 3 -
D1-Serine * : : 2 -

- D1-Threonine - - - 2 =T
CLLysteine : o F R
1-Methionine C R S -
'I-Px-soline , - -

N ]\imanhonﬁna (2—11 mg pxmam‘j) wWere susp&:m:ed in2.5 ‘ml oi” .
2250 mM sclution of the araino acid containing 5 mM Tris—-
S0, 1 M ESTA,L T Bg zoienoms, and 1 g antimyein A at DH ’

7.4, The injtial value of AEgzp Was measured and is ex-

pressed in arbitrary wriits relative to the fastestichange ob- -

_ served {with p-alanine); This tate is abont one seventh Df "i’hai :
N wm‘h ’N}ag acezaw an @xm:mely :rapad paneztmm, Rt -
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agents allowing dissipation of a membrane potential, .
the permeant species must have no net charge. There -

is no evidence for a reguirement for inked movement .

of any other st,mes. The permeant form munst there-

fore be either the zwitterion or a form :relaiad toitby -

internal proton movemenis.

Carriers have been postulated for glycine [3] ami
fior newutral amino acids 5] . We feel that there isno -
conclusive evidence for these carriers. Garfinke] {3]
suggested a glycine carrier on the basis of experimenis
in which the *equilibrinm’ opiical density of mitochon-
dria suspended in glvcine solutions was measured.
These results are wo: meaningful since mitochondria
will swell in solutions of permeant solutes untit mem-
brane damage occurs and allows efflux of internal 03~
motically active species, for if there is no additional
impermeant species outside, the permeant species can

never provide the permanent osmotic support needed

for true equilibrivm.

Gamble and. Lebninger [5] propose a general car-
rier for neutral amino acids from their finding that rat
liver mitochondria swell in glycinge, alanine, proline,
valine, and citrulline, but rat heart mitochondria do
not swell in citrulline. The mechanism of entry of cit-
ruiline is open to debate [12], and our results show
that other amino acids do not show tissue differences.
We therefore feel that this generalisation is not valid.

Liposomes have been shown to be permeable to
amino acids [11, 13]; the rate of penetration is depen-
dent on the hydrophobicity of the amino acid. This
rate is however very much less than in mitochondria, -
as is confirmed by our resuits. We found there was no

significant swelling of liposomes prepared in either

medium (see Methods) over a 10-min period under the '

same conditions as for mitochondria, although lipo--

“some swelling was apparent in iso-osmotic ammoniom .

acetate and in hypo-osmotic K5S0,. This might be
-taken as cm:ums’tamm], evidence for carrier-mediated
upizke of amino acids in mitochondria, but it must

-be borne in mind that the mitochondrial membrane is: . °
VeTY | different from the laposomal system, pamt:aﬂmly R

' ‘smce the mitochondria contain much protein.
~‘There are several lines of evxdence which imply -

ﬁnai there are no specific tmm,pori meghanisms for. .

‘neutral amino acids: Brand and Chappell [14] found

that rates of swell irig of ‘both braim and liver mito- -

: cho:nénaiwexe,pmporhona] to. the cbncentrahon Df ,
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Scheme 1. Possible forms of g-alaning. a and 11b could be
gither tantomers or canonical forms of a resonance hybrid.
Ring form(s) are referred to as 1 in the text.

um; no evidence was obtained for saturation kinetics.

" We feel that apparent values of K, for transport of

more than about 100 mM are sneaningless: models of
diffusion across a membrane can easily produce satu-
ration at high substrate concentrations.

Table 1 shows that: a) L- and Di.-slanine cater at

' simpilar rates, the same is tre of L- and DL-valine;

b) the relative rates show no correlation with the phys-
iological importance of entry of the amino acids into
the mitochondria, and ¢), the relative permeabilities

- ofliver and brain mitochondria are very similar al-

though metabolism of for example GABA is very. dis-
similar in the two tissues. This lack of evidence for
satwration and spemﬁmty ArgNes agamsi mmer—meda«
ated uptake of amino acids.

At first sight, howavar, itis dlfﬁcﬂ!t to see how

ihe amino acids ase able 1o cross the mm:achondna]

membrane by d]ffn51mm,ai the observed rates, On the

*-basis of macroscopi# dissociation constants the caleu-

- lated fraction nnionised is similar to that fi for dicar-
'bnxthc adids; w}nach are genemliy accepzted to be I
. permeant-in the absence of a specific carrier [153.-

~ 'We suggest that the ability of the amino acids 1o form

nngs ‘with i Intra-molecular | hydrogen bends may be i im-

‘por tant in their pe:rmeahon 'thmugh membmne;s.

Scheme 1 s’hnws ‘the: possxble rings formed. by B-éla—, -

' mne erote iha’t smce a) the a’ngle m ihe carboxyl car- j ;
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Snbﬁmg 2. Possibis ring structures for glyc_me and g-slanine.
‘Beals drawings were mards from Preiding molecular models,
marking positions {#, ©) of atoms in the plane of the possible
D-evseens Ho--neemsd N hydzogen bond. Positions marked () are
possible alternatives ea!cubzad from normal bond lengths;
O, and H,, would form a normal C-OH group; Hy, would be
ihe u:msﬂ:mn of an amino hydrogen; Oy, would be in 2 normal’

c=0.

would expect the optimal ring sizes to be greater than
in alicyclic rings. Scheme 2 shows ring structures for
giycinge and S-alanine. The hydrogen available for hy-
drogen bonding is much closer to the nitrogen—oxy-
gen line in B-alanine than it is in glycine. The hydro-
gens on C-2 and £-3 of S-alanine are staggered.

The resulis in the table 1 show that B-alanine and
3-amino-iso-butyric acid (6-membered rings) pene.
{rate twice as fast as their isomers a-alanine and 2-

_amino-iso-butyric acid respectively {5-membered rings).

However 2-amino-n-butyric acid penetrates slightly
faster than 3-aminc-n-butyric acid. 4-amino-n-butyric
acid {7-membered ring) penstrates at the same rate as
3-amino-n-butyric acid. 5-amino valeric acid {8-mem-
‘bered ring) and 6-amino caproic acid (S-membered
ring) penetrate at very much slower rates, although
the similar-sized nor-valine penetrates fairly rapidly.-
'The trend of these resulis seems S to be 6—m&mb€mﬁ
Hngs > 5,7 >8> 9: : : :
Ring formation could be mnvolved in pﬁmean@n
in several ways. Models can be- pmposed where the

rate of penetration is depemiem: on the Tate of for-na— .
- tion or on'the stability of the ring formed. The speties e
acmclly existing in the hydrophobic interior of the . -
‘membrane is pmbab]y 11 o1 TH {sc‘hame 1).3f the latt— R
Iex, H cmﬂd be ona pamway fm the fanmmn of mo
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- mear the surface of the membrane which is faster than
_ pathways via IV or V. Possibly 11 could exist in signif-
 icant concentrations in agueous solutions: this would
- be réflected in microscopic PK,, values. Clearly the

nature of the side chain is also important in determin- -

- ing permeability, but it is difficult to explain the ef-

fect of gifferent side chains purely on the basis of

- size and | hydmph@bmﬁy

‘We therefore feel that Ting fonna‘tmm may be im-
poriant in diffusion of amino acids through mitochon- -
drial membranes, We have been unable to obtain suit-
able stereochemically fixed m@d&i compounds in 01-
Gt 10 test this idea further. '
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