
Table 1. Effect of treatment with IAA, in the presence of nitrogen or at low temperature 
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ences between means were taken as significant at the 5-percent level. 
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curred only in water or water plus 
auxin. Deformation data from four rep- 
resentative experiments are shown in 
Table 1. Treatment with calcium chlo- 
ride solution caused a significant stiffen- 
ing of the sections compared with the 
initial values. In both basal media de- 
formation of auxin-treated coleoptiles 
was significantly greater than that of sec- 
tions treated in the absence of auxin. 
The deformation of coleoptiles treated in 
nitrogen or at 3?C in a basal medium 
of calcium chloride solution was signifi- 
cantly less than the deformation of cole- 
optiles treated in the basal medium 
alone. Nitrogen also caused a significant 
stiffening of sections treated in a basal 
medium of distilled water. The defor- 
mation of coleoptiles treated in nitrogen 
or at 3?C in the presence of auxin was 
significantly greater than the deforma- 
tion of such tissue treated in the absence 
of auxin and was not significantly dif- 
ferent from that of coleoptiles treated in 
basal media alone. 

The effect of auxin in reducing wall 
stiffening in nitrogen and at low tem- 
perature suggests an action of auxin 
which is independent of these conditions, 
which reduce metabolic activity. The in- 
creased wall plasticity and cell expansion 
which result from auxin action are, how- 
ever, metabolically dependent. Changes 
in cell-wall plasticity under different 
conditions may be interpreted in terms 
of pectin methylation and demethyla- 
tion reactions, as is illustrated in Fig .1. 

The activity of PME is insensitive to 
a large number of inhibitors (4), and 
pectin demethylation may occur inde- 
pendently of metabolic conditions. Be- 
cause of a requirement for adenosine 
triphosphate, methylation is sensitive to 
metabolic conditions. A greater sensi- 
tivity of methylation compared with de- 
methylation would result in a decrease 
in the methyl content of pectin in the 
presence of nitrogen or at low tempera- 
ture. The increased number of carboxyl 
groups available for divalent cation bind- 
ing would result in the observed wall 
stiffening under such conditions. 
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The effect of auxin in reducing wall 
stiffening at low temperature or in nitro- 
gen may be due to an action of auxin 
which reduces the rate of demethylation 
and thus conserves the methyl content 
of pectin. The metabolic insensitivity of 
the action of auxin which conserves wall 
plasticity is consistent with Glasziou's 
hypothesis of an auxin-mediated adsorp- 
tion reaction which reduces pectin de- 
methylation by reducing PME activity. 

It is suggested that the metabolic sen- 
sitivity of auxin-induced wall plasticiza- 
tion and cell expansion reflects the sen- 
sitivity of the methyl incorporation into 
pectin and that an auxin action which 
conserves wall plasticity is independent 
of metabolic conditions (5). 
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Separation of Tobacco Leaf 
Proteins by Centrifugation 
across a Density Boundary 

Studies by Wildman and coworkers 
(1) have shown that two major protein 
fractions are present in green tobacco 
leaves. The two fractions, I and II, are 
characterized by sedimentation constants 
of about 19 and 4 Svedberg units, respec- 
tively. Attempts to isolate the fractions 
have not been wholly successful. A par- 
tial resolution can be obtained by salt 
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Separation of Tobacco Leaf 
Proteins by Centrifugation 
across a Density Boundary 

Studies by Wildman and coworkers 
(1) have shown that two major protein 
fractions are present in green tobacco 
leaves. The two fractions, I and II, are 
characterized by sedimentation constants 
of about 19 and 4 Svedberg units, respec- 
tively. Attempts to isolate the fractions 
have not been wholly successful. A par- 
tial resolution can be obtained by salt 

precipitation (2), and fairly pure frac- 
tion I has been obtained by repeated 
ultracentrifugation, but in very low yield 
and in a highly aggregated form (3). 
This report (4) describes a simple proce- 
dure for separating the two fractions by 
ultracentrifugation across a density boun- 
dary (5). 

In principle, a stable boundary is 
formed by layering a tobacco extract 
over a buffer-salt solution of greater 
density. In view of the difference in the 
sedimentation constants of the two frac- 
tions, it is then possible to choose cen- 
trifugation conditions such that the faster 
moving fraction I is completely sedi- 
mented, whereas the more slowly sedi- 
menting fraction II moves only a short 
distance below the initial boundary. 
After centrifugation the upper portion of 
the tube should contain only fraction II, 
and fraction I should be concentrated 
in the pellet. The middle portion-that 
is, the region from the initial boundary 
to that just above the pellet-should con- 
tain some fraction II and probably some 
fraction I because of convection. The 
procedure and the results obtained in an 
actual separation run are described be- 
low. 

The laminar portion of a sample of 
mature Burley tobacco leaves was lyo- 
philized to a moisture content of 7.66 
percent and ground in a Wiley mill. An 
extract was prepared by grinding 0.3 g 
of the tissue with 10 ml of 0.2M potas- 
sium maleate buffer, pH 7.5, in a Ten 
Broeck homogenizer. The buffer con- 
tained 0.2 g of Na2S2O4 per liter as a 
color inhibitor, and the extract was 
maintained at about 7?C throughout the 
grinding and subsequent manipulations. 
Seven such extracts were pooled, and cell 
debris and other insoluble material were 
removed by centrifugation in a Spinco C 
rotor at 42,040 rev/min (av. 130,000 g) 
for 1 hour. A thin, oily, green layer at 
the surface of the liquid was removed by 
slicing off the upper portion of the Lus- 
teroid tubes with a Spinco tube slicer; 
the faintly hazy supernatant fluid was 
then filtered through a 0.5-t Millipore 
filter (6) to remove the suspended par- 
ticulate matter. This clarified extract was 
clear and light brown in color and con- 
tained 0.85 mg of N per milliliter, which 
constituted approximately 60 percent of 
the total nitrogen of the original sample. 
A portion of the filtrate was mechani- 
cally dialyzed for 6 hours against three 
portions (two changes) of extraction 
buffer (without Na2S204) and then 
analyzed for total nitrogen and examined 
in the ultracentrifuge. 

For the separation run, seven tubes 
were prepared. Four milliliters of the 
clarified extract were added to each tube. 
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)f this denser solution for 6 hours at 7?C. The color boundary, 

njected below the ex- which appears to be associated with the 

relatively stable boun- movement of fraction II, is blurred 
med between the col- somewhat during the centrifugation. By 
the colorless buffer-salt means of the tube slicer, five of the tubes 

gation was carried out were sampled as follows, and the corre- 
tor at 42,040 rev/min sponding fractions were pooled: top 4 

ml, middle 4 ml, and lower 1 ml plus 
pellet. An additional 1 ml of buffer was 

trifugal and analytical used to rinse the lower portion of each 
of green Burley tobacco tube, so that the total volume of the 
ractions obtained after pellet solution was 10 ml. The solutions 
ntrifugation. To facili- were dialyzed against maleate buffer as 
f the data, peak areas 
es arthe datall expressed 

as 
indicated above, and the pellet solution 

clarified extract. was subsequently centrifuged at 25,000 g 
_____ ___ for 30 minutes at 7?C to remove a small 

Determination amount of insoluble green material. The 

N Fr. I Fr. II two remaining tubes from the separation 
N Fr. I Fr. run were used to examine the composi- area area 

(m,g) (cm2 (cm2) tion of the pellet itself. The supernatant 
....-__ .. fluid was simply decanted, and the pel- 

lets were dissolved in a total of 8 ml of 
maleate buffer. The resulting solution 
w2.06as then dialyzed, and the insoluble 
green matter was removed as described 

0.94 46.0 above. All solutions were analyzed for 

0.47 4.4 -8.4 total nitrogen and examined in the ultra- 
centrifuge. 

0.60 10.6 2.6 Sedimentation patterns obtained for 
the clarified extract and for solutions 
from the separation run are shown in 

0.21 3.2 0.8 Fig. 1. Analytical data, including that for 
the pellet only, are summarized in Table 
1. Peak areas, which are proportional to 
the concentration of the sedimenting 
components, and sedimentation constants 
were evaluated from enlarged tracings 

-----;-- : of the solution and base-line patterns. 
The areas were corrected for the dilution 
effect, but Johnston-Ogston corrections 

(7) were not made. The. average. sedi- 
mentation constants determined for frac- 
tions I and II were 17 and 3 Svedberg 
units, respectively. 

Analysis of the data shows that the 
- ? | over-all recovery of nitrogen from the 

:-: :- ^~'::'::i~clarified extract is 97 percent. The re- 
I coveries of fractions I and II, calculated 

S ; X from the peak area measurements, are 
70 and 105 percent, respectively. The 
lower apparent recovery of fraction I is 

I - ;- V v8--W believed to be associated primarily with 

-- :- 
::-:y': - : the uncertainty entailed in estimating 

the precise volume of the "lower 1 ml" 
when the tube-slicer technique is utilized. 

patterns of tobacco ex- It is also apparent that a major portion 

separation of protein of fraction I is suspended in the solution 

[ugation across a density which bathes the pellet and that the frac- 

ntation is from left to tion I in this solution is not entirely free 

-moving component is of fraction II. These factors may be ac- 
fied extract before sepa- counted for in terms of sedimentation 
ig both fractions I and theory for angle-tube centrifugation and 
>m separation run, pure could probably be eliminated or mini- 
ddle 4 ml from separa- mized appreciablv by the use of a 
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colorless and have been characterized by 
little or no aggregation (see Fig. 1 D). 
While the present application has been 
confined to the proteins of green tobacco, 
the method should be generally applica- 
ble to the separation of other mixtures 
containing macromolecular constituents 
whose sedimentation constants vary ap- 
preciably. 
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Identification of Growth- 

Promoting ac-Hydroxy Fatty Acids 
Produced by Lactobacillus casei 

It was reported in an earlier communi- 
cation from this laboratory that practi- 
cally all of the growth-promoting activ- 

ity in extracts of Lactobacillus casei 
7469 culture filtrates, as measured with 
L. casei 280-16A (a D-a-hydroxy fatty 
acid-dependent strain), was associated 
not with lactic acid but with a more lipo- 
philic substance considered likely to be a 

higher homolog of lactic acid (1). A 
more rigorous fractionation of such ex- 
tracts in the present investigation (2) has 
now revealed that they contain at least 
three growth-promoting acids, two of 
which appear to be identical with D-Qt- 

hydroxyisovaleric and D-a-hydroxyisoca- 
proic acids, respectively. 

Lactobacillus casei 7469 was incubated 
at 35?C. for 24 to 96 hours, and the re- 

sulting cultures were clarified by passage 
through a Sharples supercentrifuge. Hy- 
drochloric acid was added (180 meq/ 
liter) to the essentially cell-free solutions, 
and the acidified media were subjected 

colorless and have been characterized by 
little or no aggregation (see Fig. 1 D). 
While the present application has been 
confined to the proteins of green tobacco, 
the method should be generally applica- 
ble to the separation of other mixtures 
containing macromolecular constituents 
whose sedimentation constants vary ap- 
preciably. 

DONALD F. KOENIG* 
JAMES K. PALMER 

CARL J. LIKES 
Virginia Institute for 
Scientific Research, Richmond 

References and Notes 

1. R. W. Dorner, A. Kahn, S. G. Wildman, J. 
Biol. Chem. 229, 945 (1957). See also earlier 
papers in this series. 

2. J. Bonner, Plant Biochemistry (Academic Press, 
New York, 1950), pp. 260-61. 

3. L. Eggman et al., J. Biol. Chem. 205, 969 
(1953).- 

4. This work was sponsored and released for pub- 
lication by the American Tobacco Company, 
Inc., Richmond, Va. 

5. The separation procedure employed in this 
study is somewhat similar to that suggested by 
M. K. Brakke [J. Am. Chem. Soc. 73, 1847 
(1951)], -in which a solution is layered over a 
solvent having a density gradient. The synthetic 
boundary cell, developed by E. G. Pickels et al. 
[Proc. Natl. Acad. Sci. U.S. 38, 943 (1952)1, 
is based on the same principle except that a 
solvent of uniform density is layered over the 
solution. 

6. Millipore Filter Corp., Watertown, Mass. 
7. J. P. Johnston and A. G. Ogston, Trans. Fara- 

day Soc. 42, 789 (1946). 
* Present address: Thomas C. Jenkins Depart- 

ment of Biophysics, Johns Hopkins Medical 
School, Baltimore 8, Md. 

10 April 1958 

Identification of Growth- 

Promoting ac-Hydroxy Fatty Acids 
Produced by Lactobacillus casei 

It was reported in an earlier communi- 
cation from this laboratory that practi- 
cally all of the growth-promoting activ- 

ity in extracts of Lactobacillus casei 
7469 culture filtrates, as measured with 
L. casei 280-16A (a D-a-hydroxy fatty 
acid-dependent strain), was associated 
not with lactic acid but with a more lipo- 
philic substance considered likely to be a 

higher homolog of lactic acid (1). A 
more rigorous fractionation of such ex- 
tracts in the present investigation (2) has 
now revealed that they contain at least 
three growth-promoting acids, two of 
which appear to be identical with D-Qt- 

hydroxyisovaleric and D-a-hydroxyisoca- 
proic acids, respectively. 

Lactobacillus casei 7469 was incubated 
at 35?C. for 24 to 96 hours, and the re- 

sulting cultures were clarified by passage 
through a Sharples supercentrifuge. Hy- 
drochloric acid was added (180 meq/ 
liter) to the essentially cell-free solutions, 
and the acidified media were subjected 
to continuous liquid-liquid extraction 
with isopropyl ether. The extracted ma- 
terial from each culture was fractionated 
by a 200-transfer countercurrent distri- 
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