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Fig. 2 (left). High-voltage electrophoresis of G6PD on starch gel; tris-EDTA-borate 
buffer, pH 8.6. 1, G6PD A; 2, G6PD B; 3, G6PD Athens. The horizontal electro- 
phoresis was carried out, on gels 2 mm thick, for 4 hours at 2? to 4?C; voltage, 10 
volt/cm. For the buffer solution and staining conditions, see the legend to Fig. 1. 
Fig. 3 (right). Electrophoresis of G6PD on starch gels, phosphate buffer, pH 7.0. 1, 
G6PD A; 2, G6PD B; 3, G6PD Athens; 4, G6PD Seattle. Horizontal electrophoresis, 
on gel 8 mm thick, for 6 hours at 2? to 4?C; voltage, 4 volt/cm. Gels were prepared 
with 0.01M phosphate buffer, and 0.1M buffer was used for the bridge solution. 
Added to the molten gels, as well as to the cathode compartment near the gel, was 
2.5 mg of NADP. For the staining conditions, see the legend to Fig. 1. 
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a mobility of 90 percent relative to 
normal B+ enzyme. 

Enzyme G6PD D- is supposed to be 
identical with G6PD Seattle (11). Our 
electrophoretic findings show that G6PD 
Athens differs from G6PD Seattle. The 
Km's for G6P and NADP, as well as 
for the 2-deoxy-G6P of G6PD Seattle, 
are very similar to those of G6PD 
Athens; however, utilization of deami- 
no-NADP is definitely different: Athens, 
126 percent of NADP; Seattle, 57 per- 
cent of NADP. G6PD Athens can 
also be distinguished from G6PD 
Austin II by its faster electrophoretic 
mobility, low activity in erythrocytes, 
low Km for G6P, and high utilization 
of 2-deoxy-G6P and deamino-NADP. 
Distinction from G6PD West Bengal 
could be achieved on the basis of Km 
for NADP, utilization of 2-deoxy-G6P, 
and difference in electrophoretic mobil- 
ity. 

The findings from the study of G6PD 
Athens have some bearing on further 
investigations of electrophoretic varia- 
tion in G6PD. Mutants associated with 
red-cell deficiency in G6PD and nor- 
mal electrophoretic mobility under rou- 
tine electrophoretic conditions (especial- 
ly when the widely accepted tris-EDTA- 
borate buffer system, pH 8.6, is ap- 
plied) need to be studied by various 
electrophoretic techniques before one 
may consider that they do not differ 
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from the normal enzyme (B+). Com- 
parison of difference in electrophoretic 
migration between G6PD Athens and 
normal G6PD (B+) in phosphate buf- 
fer at pH 7.0 with their close similarity 
in mobility in tris-EDTA-borate buf- 
fer at pH 8.6 is particularly instructive 
on that point. It seems that the experi- 
ence gleaned from abnormal hemo- 
globins applies also in the study of 
electrophoretic variants of G6PD. Elec- 
trophoresis of G6PD with different buf- 
fer systems and in different media will 
facilitate the process of distinction and 
characterization of new mutants. 
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duced a high percentage of tube tip 
bursting in most pollen germinated in 
vitro. Changes in tube tip metabolism 
with decreased oxygen probably sets 
up cell wall stress resulting in pollen 
tube rupture. 

In angiosperm fertilization the gen- 
eral growth pattern of the pollen tube 
down the style culminates in the rupture 
of the tube tip and deposition of the 
pollen contents into one of the synergid 
cells (1). This allows fusion of one 
male cell with the egg cell, and the 
other with the polar nuclei, forming a 
primary endosperm nucleus. An oxygen 
gradient exists in the style. Oxygen 
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encounters at the ovary, is a major 
reason for tube tip bursting. 

Experimental results indicate that dif- 
ferences occur in pollen response in 
vitro to varying levels of oxygen. Fig- 
ure 1 shows the results of an experi- 
ment in which pear pollen grains (Py- 
rtus communis var. Winter Nelis) were 
germinated in vitro for 3 hours and 
then transferred to various levels of 
oxygen. After 2 hours of additional 
growth, the pollen in the lowest pO, 
(99 percent N,) showed the highest 
number of burst tubes. Lily and Hip- 
peastrum pollen (Table 1) followed the 
same pattern of tube bursting when 
grown under varying levels of oxygen. 
However, Petunia and Atropa pollen 
(Table 1) did not show the substantial 
increase in tube bursting noted with 
pear and lily pollen. 

The differences in tube tip bursting 
can be correlated with the anatomical 
structure of the styles through which 
the pollen must grow. In Pyrus, Hip- 
peastrum, and Lilium flowers the style 
contains a hollow canal; in Petunia 
and Atropa the style has relatively solid 
conducting tissue which is rich in chlor- 
ophyll-containing cells (3). 

The tube nucleus in some pollens dis- 
integrates as the pollen tube approaches 
the egg cell but before the tube bursts. 
This indicates that the pollen tip meta- 
bolism changes when it approaches the 
top of the egg apparatus. Such a change 
probably sets up a strain in the wall 
at the tube tip. Just as the tube nu- 
cleus does not always disintegrate, so 
tip bursting may not always result 
from strain on the tip wall and low- 
ered pO., (Table 1). In some cases 

contact of the tip with the fusiform 

apparatus may precede bursting. How- 
ever, in the case of hollow styles such 
as Lilium tigrinum, changes in pollen 
tube bursting, presumably due to pol- 
len tip stress, may be induced by arti- 

ficially modifying the pO level of the 

stylar canal. 
We tested this hypothesis by stream- 

ing nitrogen gas (99 percent) through 
the stylar canal of L. tigrinum for 1 
hour and compared the tube bursting 
with bursting in control plants with 
oxygen (100 percent) streaming through 
the styles. Nearly 100 percent breakage 
of tubes occurred in the nitrogen-per- 
fused styles. No tubes broke under the 
pure oxygen stream. 

These findings of pollen tube tip 
bursting are in agreement with observa- 
tions on tip growth of root hairs (4). 
When the pO, is lowered, streaming 
ceases and cell tip bursting occurs in 
the root hairs and certain pollen tubes, 
followed by extrusion of the proto- 
plasm. 

Bursting of pollen tubes and of root 
hair tips in low levels of oxygen may 
be caused by similar mechanisms. The 

conspicuous tip lysing is probably 
due to wall softening by enzymes such 
as cellulase (5). These degradative en- 

zymes are less sensitive to decreased 

oxygen than the enzymes synthesizing 
new pectin and microfibrils necessary 
for growth of the softened wall. 

The physiological effect of decreased 
pO can be best interpreted at the 
enzyme-metabolic activity level. The 

capacity of the egg to develop and re- 
main quiescent prior to fertilization 
is probably a function of the pO, of 

so 
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Fig. 1. Effect of oxygen level on pollen 
tube bursting. Pollen of Pyrus communis 
(0.5 mg) grown 3 hours at 30?C in 50 lA 
of 0.4M raffinose plus 30 parts per million 
of boron (H.3BO3) in calcium phosphate, 
0.015M, pH 6.0. Evacuation to 28.5 mm- 
Hg for 10 minutes. Resaturated with gases 
and allowed to grow an additional 2 hours 
at 30?C in controlled atmosphere indi- 
cated on the bar graph. 

the surrounding ovary tissue. Foreign 
nongenetically adapted pollens, as oc- 
cur in certain self-incompatible pollina- 
tions, or cross sterile plants, are prob- 
ably unable to metabolize effectively 
and use the available substrates under 
the pO conditions of these ovaries 
(6). Differential metabolism of pollen 
under varying oxygen levels is also in- 
dicated by the fact that not all tubes 
burst at low pO,. 

Table 1. Effect of oxygen level on pollen tube bursting. 

Percent of tubes bursting 
Germination with gas treatment indicated 

Species conditions before 
gas treatment Air Oxygen Nitrogen r 

(100%) (99%) 

Lilium longiflorum 10 hours at 22?C in 78 6 94 
var. Ace 0.15M sucrose + 

0.01 percent H,BO, 
Liliulm longifiorum 10 hours at 22?C in 51 10 89 

var. Nelli White 0.15M sucrose - 
0.01 percent H1,BO., 

Hippeastrum hybridum, 14 hours at 24?C in 67 14 90 
var. Royal Dutch 0.2M sucrose + 

0.01 percent H,BO,, 
Petunia hybrida 4 hours at 24?C in 4 6 8* 

0.28M sucrose + 
0.01 percent HBBO:, 

Atropa belladonna 8 hours at 24?C in 12 9 15 
0.2M sucrose + 
0.01 percent H,BO1 

: Approximately 5 percent of the pollen tubes formed a bulb at the tip. 
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