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Tableau 2. Effet de cong61ations et d6cong61ations r6p~t6es en pr6sence de glyc6rol sur la survie de N.gonorrhoeae 

Experientia 35/4 

Souches Survie (unit6s viables/ml) 
Nombre de cong61ation-d6cong61ation 
0 1 2 3 

G1 2,6• 108 (100%) 2,4• 108 (92%) 2,8• 108 (100~ 2,4• 108 (92%) 
G2 0,2x108(100%) 0,2x106(1%) ~2 x104(-) _<2 x104(-) 
G 3 3,0x 108 (100%) 2,8x 108 (93%) 1,8x 108 (60%) 1,2x 108 (40%) 
G4 5,8x 108 (100%) 5,6x 108 (97%) 5,0x 108 (86%) 5,2x 108 (90%) 

Tableau 3. Effect de la dur6e de cong61ation en pr6sence de 
glyc6rol sur la survie de N. gonorrhoeae 

Souches Survie (unit6s viables/ml) 
Avant cong61ation Apr6s cong61ation 8 jours 

GI 0,98• 108 (100%) 0,34• 108 (35%) 
G 2 0,51• 108 (100%) 0,22x 107 (4%) 
G 3 0,15x 109 (100%) 0,10x 108 (7~ 
G4 0,11 x 109 (100%) 0,10• 108 (10%) 

G 4 semble ldg6rement accrue. Ces rdsultats diff6rent de 
ceux d'Elmros et collaborateurs 4,5 qui ddcrivent une inhibi- 
tion de la lyse (augmentation de la stabilit6 m6canique) et 
une survie accrue dans des conditions exp6rimentales sen- 
siblement identiques aux n6tres. Ces diff6rences entre les 
rdsultats indiquent donc clairement que le maintien de la 
stabilit6 m6canique et de la viabilit6 du gonocoque par ces 
cations bivalents n'est pas un phdnom~ne g6n6ral mais 
d6pendrait de certains param6tres qu'il reste h d6terminer, 
et parmi lesquels on retrouve la nature des souches utili- 
s6es. Lorsqu'on examine l'effet de la cong61ation et de la 
d6cong61ation, r6p6t6es, h 2 h d'intervalle, sur la survie de 
suspensions de gonocoques des 4 souches (tableau 2), on 
note que celles-ci varient dans leur sensibilit6 ~t ce traite- 
ment. Ainsi les souches G 1 et G 4 apparaissent relativement 
r6sistantes, alors que la pert e de viabilit6 pour la souche G 3 
est de l'ordre de 60% apt6 s la troisi~me d6cong61ation et 
que cette perte est de 99% pour la souche G 2 apr6s la 
premi6re d6cong61ation, ces r6sultats d6montrent claire- 
ment qu'il ne peut ~tre pris pour acquis que des suspensions 
de gonocoques pr6par6es dans les m~mes conditions que 
les n6tres, ne subissent aucune fluctuation du nombre de 
leurs unit6s viables comme Font d6crit La Scolea et 
Young 6. La sensibifit6 diff6rentielle de ces souches de 

gonocoques se rdfl6te de m~me par leur survie lorsque 
congel6es en prdsence de glyc6rol durant 8 jours (ta- 
bleau 3). Pour les 4 souches on note en g6n6ral une baisse 
de viabilit6 dont l 'amplitude d6erolt pour les souches dans 
l'ordre suivant: G2, G3, G 4 et G v I1 appert que si le glyc6rol 
est un agent largement utilis6 pour la conservation des 
suspensions de gonocoques, l'utilisation syst6matique de 
celles-ci pour la raise en 6vidence d'une inhibition de la 
croissance du gonocoque par des esp6ces bact6riennes de la 
flore urog6nitale par la m6thode d6crite par Kay et Levi- 
son 7 est sujette h caution. En effet, dans cette mdthode des 
inocula ~t partir de suspensions de gonocoques, en bouillon 
nutritif additionn6 de glyc6rol, conserv6es congel6es, sont 
utilis6es pour ensemencer toute la surface de g61oses nutri- 
tives sur lesquelles des souehes, productrices 6ventuelles 
d'inhibiteur(s), sont inocul6es par la suite. Le nombre 
d'unit6s viables des suspensions de gonoeoque variant en 
fonction de la dur6e de la cong61ation et des souches le 
nombre de cellules cibles variera entrainant une variation 
du rapport inhibiteur(s)/cellules cibles, pouvant mener 
une interpr6tation erron6e des r6sultats. 

1 Nous remercions Mlles D. Lemire et C. Bouvier pour leur 
collaboration technique. 
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Experimental alteration of biomagnetic interactions among bean seeds 

F.A. Brown, Jr 1 

Department of Biological Sciences, Northwestern University, Evanston (Illinois 60201, USA), 7 August 1978 

Summary. Interactional patterns among bean-seed (Phaseolus vulgaris) clusters distributed on a table differed statistically 
significantly between when in clockwise rotating fields (table or magnetic) and when in counterclockwise fields or as 
nonrotating controls. It is postulated that clockwise rotation shortens the range of interactions. 

The generation of electromagnetic fields by organisms and 
their reception of these fields has been described between 
sharks and their prey 2, among electric fishes 3'4, and among 
bean seeds absorbing water in adjacent vessels 5. Sharks 
which use these fields in the capture of prey have been 
demonstrated to be capable of sensing electric fields as 
weak as 0.01 ixV/cm. The electric fishes employ their fields 
for exploration of the physical environment, communicat- 
ing their location and socially integrating the local popula- 
tion. These latter fishes are able to alter characteristics of 
the oscillating fields they produce. The field effecting 

interactions between groups of bean seeds is not obviously 
affected by placing each group in a separate Faraday cage ~ 
and even by adding a mumetal lining, and hence is 
postulated to be both biomagnetic and dynamic 7. The 
present study was designed to learn whether uniform 
rotation would affect the bean interactions. 
Materials and methods. The relative rates of water-absorp- 
tion by bean seeds distributed as 4 pairs of samples around 
the periphery of circular wooden tables (figure 1) were 
determined. The tables differed slightly in size and the 
distances among the samples exhibited the range described 
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in figure 1. Various exper imental  series included stationary 
tables, clockwise (CW) and counterclockwise (CCW) hor iz -  
ontally rotating (0.33-2 rpm) tables, and stationary tables 
on which an 18-cm horizontal  alnico bar magnet  rotated 
(0.33-2 rpm) either CW or C C W  at the table center at the 
level of  the beans. The exper imental  magnetic field very 
slightly exceeded the geomagnet ic  one. The CW and C C W  
rotating table or magnet  experiments were always paired, 
with identically sized tables, and per formed simultaneously 
a small distance apart in the same room. All experiments 
were per formed in temperature-regulated,  air-condit ioned 
(21-23 ~ laboratories and under  fluorescent i l lumination 
(40-50 f.c.). 

Fig. 1. The arrangement of vessels of beans on the circular tables. 
The order of submergence of the beans was A1 ... D8, at 1-min 
intervals. The distance X ranged from 45-70 cm, and Y, from 64- 
100 cm. 
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Table 1. The experiments, starting times, numbers of days, and 
sums (without signs) of the day by day differences between the 
percentage water uptake in the B, C, and D groups from the A group, 
for stationary tables 

Experi- Start Days Sums Sums Sums 
ment (A-B) (A-C) (A-D) 

I 10/73 32 164.8 143.8 152.9 
12/73 32 155.2 162.4 114.2 
2/74 31 136.2 163.0 139.5 
3/74 31 111.3 134.0 168.5 
5/74 32 140.2 127.9 154.0 
6/74 31 174.2 154.5 132.1 

II 6/74 30 127.6 155.3 154.3 
7/74 27 81.2 90.3 88.8 

III 11/73 31 160.8 172.0 178.6 
1/74 31 165.6 163.9 192.1 
2/74 31 192.6 188.0 160.1 
4/74 31 149.3 155.8 166.9 
5/74 32 193.6 158.5 137.5 

7/74 32 139.0 170.6 163.8 
8/74 30 135.7 129.2 152.6 

IV 8/74 32 152.8 166.4 145.1 
9/74 31 119.8 100.8 149.4 

11/74 31 154.1 128.1 163.6 
12/74 31 141.0 158.5 155.1 

2/75 31 143.7 140.5 162.7 
V 6/75 30 149.3 205.3 197.1 

7/75 30 156.6 161.1 160.8 
9/75 30 163.1 239.3 193.6 

10/75 30 162.7 188.5 184.6 
12/75 28 221.3 186.4 196.5 
2/76 27 182.9 225.9 160.8 

Table 2. The experiments, starting times, numbers of days, and 
sums (without signs) of the day by day differences between the 
percentage water uptake in the B, C, and D groups from the A group, 
for rotating magnets 

Start Days CW CCW 
A-B A-C A-D A-B A-C A-D 

CCW 
6/74 25 137.2 104.5  125.1 122.0 124.3  137.7 

l ~  7/74 25 134.6 136 .4  106.1 109.4 123.7 87.7 
8/74 30 183.6 137 .4  162.1 158.8 168 .2  174.5 

2 9/74 30 159.1 188.1  161.7 160.5 169.5  168.9 
10/74 30 205.0 157 .2  174.3 162.6 177 .0  128.5 
12/75 30 169.5 142 .8  169.0 182.6 182.1  131.5 

1 6/75 28 137.1 124 .7  144.5 122.6 145 .7  112.5 
7/75 29 82.4 72.0 81.2 85.8 52.8 71.0 

COW 6/75 30 170.0 139 .7  127.8 131.6 214 .4  166.6 
7/75 30 158.7 163 .6  141.7 162.3 145 .3  138.2 

i ~  1 9/75 30 181.8 169.1 251.0 154.0 261.9 226.3 
2 10/75 30 155.3 187.8  203.7 227.1 208 .8  209.9 

Table 3. The experinaents, starting times, numbers of days, and 
sums (without signs) of the day by day differences between the 
percentage water uptake in the B, C, and D groups from the A group, 
for rotating tables 

/ ~  4 

A-B A-C A-D A-D A-C A-D 
Fig:2. The sums of the differences, without signs, between A, on 
the one hand, and B, C, an d D, on the other, for about 180 days 
(= 8.5-10 months) of data. CW and CCWilndicate clockwise and 
counterclockwise rotation, respectively. The numbers 1 to 4 indi- 
cate different 180-day studies. 

Start Days CW CCW 
A-B A-C A-D A-B A-C A-D 

1/73 30 195.4 187 .0  209.7 170.7 146 .9  149.3 
3/73 30 159.0 148.1  164.6 152.5 174 .0  213.4 
4/73 30 183.6 152.8  192.2 156.7 152.8  143.7 
5/73 30 219.3 163.2  200.4 146.4 168 .8  217.5 
1/73 30 196.6 192.5  206.0 185.6 186 .0  158.9 
3/73 30 154.1 184 .0  156.4 177.2 205 .3  192.4 

5/73 30 145.7 143 .7  158.0 179.6 192 .7  180.5 
6/73 30 198.0 204 .5  200.9 206.3 221.3 199.7 
6/73 30 151.6 137 .9  162.4 130.9 148.3  148.1 
8/73 30 166.5 141 .6  181.2 135.8 120.6  182.0 
9/73 30 145.9 i55.8 145.7 172.8 164.1 -169.4 

10/73 30 155.7 146.0  163.4 137.4 150 .4  159.2 
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20 bean seeds were randomly oriented in prewcighed 
aluminium-screen trays, weighed to the nearest cg, and 
submerged in temperature-equilibrated tap water at 1-min 
intervals around a table. 4 h later, always over the noon h, 
all the samples were individually wet-weighed and the 
amount of water absorbed was determined as the differ- 
ence between final wet-weight and initial dry weight 
+ 15 cg (--wetting). The percentage weight increase by 
water uptake was calculated for each of the 4 pairs on a 
table and the values for the 2nd, 3rd and 4th pairs were 
converted to differences from the 1st pair submerged. In 
view of the mutuality of interactions 5'6 the 3 differences 
from the 1st pair, without sign, were each added to obtain 
the sum of the positive and negative differences for unit 
sequences of about 30 and 180 days. 
Results and discussion. The data, including all 5 experimen- 
tal conditions, are shown in tables 1-3 along with starting 
dates and numbers of days. The mean results for longer 
periods, about 180 days, are depicted in figure 2. Employ- 
ing a 2 x 3  z2-test, no significant difference was found 
between the 2 runs on the CW rotating tables, on the CCW 
rotating tables, or with the CCW rotating magnet, nor was 
any difference found among the 1st 3 stationary-table runs. 
For the CW rotating magnet, despite the A to C difference 
being the smallest in both cases, there was a 5% probability 
that these differed from one another. Among the station- 
ary-table results a significant difference (p < 0.01) occurred 
only between the 3rd and 4th series. 
Now examining for possible statistical significance the 
differences from their means for the 3 values for all data 
for each of the 5 experimental conditions, p-value differ- 
ences from random were: CW magnet, p < 0.05; CCW 
magnet, p < 0.001; CW table, p < 0.02; and CCW table, 
p < 0.05. For the 1st 402 days for the stationary table there 
was no difference, but for the last 393 days, p < 0.01. 
Again with all data, the inversion of the mean pattern for 
the 3 consecutive sums between CW and CCW rotating 
magnets was highly significant (p < 0.001), as was similarly 
the difference between the CW table and the CCW magnet 
(p < 0.001). The beans on the stationary table differed from 
those on the CW rotating table (p < 0.01) and from those 
on the CW magnet table (p < 0.005), The mean pattern for 
the stationary table resembled the mean of the 2 CCW 
fields. 
It is postulated that 1 basic pattern for the 4 pairs on each 
circular table conforms to a negative correlation between 
the successive pairs around the periphery of the table, with 

the 1st and 4th pairs interacting in a consistent fashion 
because of the even number of pairs. This could be 
predicted to be the dominant pattern of interactions when 
the range of field effects is shorter (CW table and magnet). 
On the other hand, when the interactional range is longer 
(CCW table and magnet, and stationary table) the 3rd pair 
would tend to become negatively correlated (deviate most) 
with the 1st pair while the 2nd and 4th either remained 
positively correlated (CCW magnet), or, the 3rd and 4th 
pairs become negatively correlated with the 1st 2 pairs 
(CCW table). On the stationary table the beans span the 
gamut of interactions seen for the 2 CCW fields. The 
2 CCW rotating fields appear to press toward opposite 
extremes the interactional patterns observed under the 
control conditions. 
The 2 directions of either table or magnet rotation have 
been reported to produce different effects on plant 
growth 8,9, bean water uptake 1~ planarian orientation to 
light 1~, and hamster-rhythm manifestations 12. It is notable 
that this differential effect of rotation, postulated to be a n  
adaptation of life to a spinning planet l~ should also apply 
to magnetic interactions. 
Opposite effects of table and magnetic rotation such. as 
noted here for the CCW fields on interactions have been 
interpreted to establish geomagnetism as the reference for 
rotation in studies of bean water uptake 1~ The apparent 
absence of a differential effect between CW table and CW 
magnet rotation is unexpected. 

1 The author expresses his gratitude to Carol S. Chow and Kate 
M. Scow who oversaw the collection of most of the data, and 
to Prof. J.A. Lippincott for helpful discussion of the results. 
The study was aided by grants from the National Science 
Foundation, No. GB-41392X, No. BMS73-0191-A01 and No. 
BI9IS73-0159 l-A02. 
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Dynamic biomagnetism associates bean seeds 

F.A. Brown, Jr ~ 

Department of Biological Sciences, Northwestern University, Evanston (Illinois 60201, USA) 18 July 1978 

Summary. Water uptake by bean seeds (Phaseolus vulgaris) over 4 h in 4 adjacent Faraday cages and in 4 similar, but 
mumetal-lined, Faraday cages disclosed comparable interactional patterns among both cage types. This indicates a role of 
dynamic, or fluctuating, biomagnetic fields. An inverted relationship over time between the 2 cage types is probably due to 
geomagnetic attenuation. 

The discovery that fields responsible for interactions be- 
tween closely adjacent groups of bean seeds could pene- 
trate from one Faraday cage into another ~ led to the 
hypothesis that the effective field was magnetic. This 
hypothesis would require that the seeds generate a biomag- 
netic field 3'4 and that other nearby seeds receive and exhibit 
a response to these fields. In a closely apposed series of 

4 Faraday cages beans within 1 cage mutually induced in 
immediately adjacent cages an opposite response to the 
fluctuations in an atmospheric-field factor. This second 
factor could be either the geomagnetic field or background 
radiation, to both of which organisms are extraordinarily 
sensitive (magnetismS-ll; high-energy radiation 12-14. Asso- 
ciations of organisms with others nearby by electromagnet- 


