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To obtain }u,.\t ies for the Mctxvo uptakc of sub-.tanues into cd?s t]w_ A \'\gg ! i ' L
“most commonly employed method is to take sar m]ec, at various times, of . T .\r St L! 1 g
the cells or of the surrounding medium and to determine the content of the ; r e 1\ e | I E e medin dut
respective cdmpou‘\c’ The separation of the cells from the medium is’ oo s . SRR A . ‘
achieved either by centrifugation or by fitration through membrane g '?'m?f°é""‘!'r\\v“ ‘ ; ' S ";
fiiters. In order to have a convenient and inore direct way to follow' LA e 1ot

active uptake and. also efflux, an apparatus based’ on the following
~principlg-has b<.cn developed: With a membrane, the cells are kepu near
a radidae nxtv-wa@ma device, o, 4 mnmlatxon erystal in eonjunction
with a ,nl otomuitiplier. Above this s a mxgel volume  of ‘liquid con-
taining the labeled compound that is taken up Of the total radioac- .
tiviiy in the medium only a small fraction is deo tected, as most of the
radiation is relatively far from the erystal and is absorbed by the water..

“As the labeled compound is taken up by the cells, the radioactivity is’
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concentrated .! the. seintillation erystal ‘and can be registered. The i [ . m}-——--—-p‘.exigfc: bose
~medium above the membrane has to he stirred In order to mmnn'zof : /:v T \ T L
R o bo'yc'(a" il © scimtiltater 8 ) ‘

_coneentration g,mmrms developing dunn«r tne upml e pxocesq

. DE“‘CRIPTIO\" OP THL AI’PAR.’&TUS i _' I"IG.;.It Hetup for measuring uptake of rdioactive sb stances by cclls, ‘.’cnt’ in
: o ping-in unit (pc,p right) not shown fm clavity. : :
The cells are confined in & round flat compartment, Its bottom is ‘ SR
scintillator (stilbene) over which an aluminized polyester foil (6 pm)
is stretehed by usge of on O-ring to }')zw\'"nt contamination (Fig. 1). The
seintillator is cemented to a supporting & Ic\xgh° base. The he:gnt of the =
compartment i& 0.1 mm, determined by a rmg-shaped,po_lyet.nyiene‘ '

_ is moist. Since he wmiddie p:.r of 'L'ue eylind
truding nnb with holes that it covres po
. bas 1t is centered and screwed down wi
'7~su g,n»xon i thus squeezed out. In the top ox t

spacer, and the top is formed by & Sartorius nitroccllulose membraue

) o v A " 1y [ ye IS ‘ 8 3 A
filter, pore width 3 um. The flter is drawn with an O-ring over one end : o a motor-m‘lveu stirrer, a vent, :mu two elainless-s
of a Plexiglas eylinder the iuner diameter of which matehes that of, the: - opases and liguids is phigzed in. The whole
spacer. To *xp.nv cells to ‘the apparatus, a small drop of suspension is \ vindow of an IMI 9536 end-on photu:u'i:'

'Acb on the coated =cmtxllator' t‘\e spacer i§ put on thr« membiranc filter mersion between the window and the Plexiglas b ase and is
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»’hght-ught cover. qumds can be adc’ud or thhumwn m-ougvx U,L om
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Ac‘{pﬂrnncms \n*n cd‘», where fi‘(, lov ]cvu of mdloacmf’it}; used. ob-
- iterated 4 direct measurement of the diffusion rate. '
“ By faster stirring with a pmpd’er shaped stirrer it was possible to
Ob‘tain'rate constants up to 2 X 10-2 sec. Probably this condition males
“possible & complete mixing in the upper compartment almost imn md iately,
whereas with low-speed stirring anu a rectangular - stivrer nrz- 1) s
.- zone of less turbulence forms somewhat above the membrance flter, T
. may lead to a longer equilibration time in the Lppu compar uLu.), itse
“and, by inference, also hetween the two compartments. The rapid stirring
" was not employed further, as with algae in the. Io\\u compartment
“pressure changes or turbulences transduced tnouﬂ} the membrane filter
caused the cells to distribute uneverly.
3-0-ethyl-p-glucose uptake by Chlorelle vulgaris. Unicellulas
.. ¢, Chlovella, are able actively to take up sugar analogs that have
:’:",aucumulatcd more than 100- fold without ‘heing further me
- (1,2). TFor_ the: expulmcnts reported here,. Chloulm was grown ag do-
‘.u,mbed previously (8). Since the uptuke system for p-glucess and o-olu-
*cose . analogs in Chlorelia vulgares is inducible (1-3), the cells. {40 i
“packed cells/ml suspension). were pzemcubitud with 7 X 10° M p-glu-
cose for 2-3 hr, after which. v1mc all D—rrmco s had bem taken up and
metabolized (1) 77 - :
- All experirents were ca wrried out in 008 M sodium p}‘oxnl
. ")H 6.5; the upper, covnpaxwent was auaze to prevent oxyvgen
in the algal layer. Beeause of the manifold accumulation of
“in the cells, a much smaller amount of. l‘adIO’t(‘tl Aty eould be
(0.1 11.01) than was used in the diffusion-experiments.
. Kinetics. Tigure ua‘s_hows an example of uptake and efflux kinctica
- of 3-O-methyl-p-glucose. The increase in mensured vadioactivity {c be
~expected upon equilibralion in the absence of algae is indicat
dotted lines, The dashed line shows the corresponding initial rate o
diffusion galeulated with the rate constant mentioned above. R
. The efflux of 3-0- mz,th'yu-n-gn'cose out of the algae was made apparent
by adding a small volume of nonlabeled p-glucose solution. This
efflux (countertransport). with Chlorella was IOu.‘(l n,evlu sly (&)
. prisingly, efiux rates could be soveral-fold hig than the ealeulnte
Comaximum diffusion rate. Ob"’o1 sly, as soon a-: the }a‘mle(i
“extruded from the layer of algae in almost immediate contact with t
- =cintillator, it is no longer detected even without having passed through
* tha membrane fiiter into the upper space - '
 'This explanation has been substantiated by determining the abasyp-
“tivity of thin layers of water for MC-Z-radia 'Lie' 1 ti
compartment of ~’_chc .;];* "a\.us_".vz.s_ clo cd with a

1.d. black A)Ia.stxc fubmfr thh a wxm«*e ovtslde thc covcr. Thc phouo
multiplier is connected to a Fricseke FII 49 counter, which .pr.ov,ldcs an’
outler, to record the level of rad 02 ctwmy : R A

i .&PDLICATIO\?

. For tr‘e metLod outhm.d to be us e;ul it is egsentlal uhat the rzue of ~
c.lf fusion dx‘*aur h the munbmvc filter does’ POb limit the rate of uptake
y the s. Therefore fivst experiments were carrxcd out. w thouu cclla to
dzacover f.ne kineties of mere diffusion. ' : S R
Diffusion experiments. Into the space abov*x the munbrmc ﬁxtcr (up )Oi"
space or compartment) was pipetted 0.2 ml 0.08 M sodium phosphate’
buffer, pH 6.5. The space beneath the membran ,hher (lower space or
con maxt 1en L) was also filled with buffer; its volume was only 11 pl
Then 1 ml of solution w ith #C-labeled p- glucoce or a p-glucese analog
~containing 1-2 uCi was mJeLted into - the- upnor"cmnpmtmont and
- the increase in- zadxoactn ity registered. l*wuru 2 show° an cxample of
the kineties obtained in this way. After about 2-3 min the ra wdioactive.
substance had equilibrated between the two compartments. “The meas--
N ured radionctivity was proportional to the concc‘ma’cwn of radloactlvxty‘
. in the medmm' in the ethbrated state 1140 cpm cor*'eapondcd to 1
©ouCi/ml : : A P :
Rmc cong t@ nts were calculated from thc maximum ch'mge in radlo-.
activity after injection and from the final amplitude. A series of five
experiments with e-methyln-glucoside gave an aversge value of 1.1 N
10 sec™, the maximnum deviations bcm'r +25% and —20%, Similar’
values were obtained with 3- O-methyl-n—ﬂlucoqe and p-glucose. T he rate
conbtant was 11\(.(1 to e«tmntc the ma'ﬂmum dffusmn rate fo“ latex,‘
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Absorphon of “C—B-Radmuon by La5 ers of Water of D'x”f evem: Thicknesses

Tbxckno« of water

(spacer), - . -~ ° . Measured radioactivity,
mm o e L % of maximum
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e Sp:xccr nofmally _uscd in the expcrimcnt_s deseribed.
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Drglpeeat . 2 roin after 1nJcct10n of 3- O moLn)l D-wluco\c (D—mu 03¢ },

being necessary for the substances to diffuse to the alga

- picted in Fig. 3b (full line), where only the part beginr mg k2 min after -

Sl " injection has been redrawn from the trace in Tig. 3z. RS :
| RS - Comparison with another method. To chack the validity of the results
T, obtained with our apparatus, comparisons were made with a standard -
| 'z ‘method for measuring -uptake processes. With the standard me tmx G
1’ -t - ml of algal zuspension (2-3 ul packed cells/mly was shal
| e LErlenmeyer. flask i the presence of ,abcle 3-O-methyl-p-z
| e . i * uCi) of the same concentration as used in the gpparaius. Al

T T

w1thd1m‘. n at intervals and the cells extracted after membranc fitrag
as. aascubcd previ iously (4). ‘The 1 1dioacmv1ty 01 the extract was defer-
“mined in 2 liquid seintillation counter, ‘ o
Cor A parallel experiment of the kinetics of Fig. 3&' (“* eell w—lx
“r o line) was pcrformod with algac of the same bateh using the
- filter techinique. The result is shown by the points in 1«‘:
. satisfactorily fit the curve obtained with the new method. N
. airow indicating addition of glucose refers {e the e\'*)emmevt with
standard method. In the curve from ’Lhe'nppq""ﬁt“s, glucose was added
" 2 min carlier; however, cffflux then staris with only 0.5 min delay,
_“probably because it is already 1vhv initiated after minuie amounis of
e gmco:e have reached the algae. e G o :
In further experiments, the K, for the u pta}.e of 3-0-mati
_‘.f‘ﬂ\\'as determined with both techniques, slways using t
- preparations. With the new .n‘tl‘ d, initial uplake rates
. from the tangents through the points 3 min after injection of 3
- p-glucose (compare Fig. 4¢). With the standard {ec i {
- values were used. A typical res It is shown in Iig. 4. Jot' met
2 XK, of ﬂbcua 6 X 10 M. S :
Ca'zbraiwn In "mv of tn'~ f'uf agrccment wlth t’u, u(:z:zfinrd teehnique

20 E :‘,”:.cg ‘ 100 tme mm

Fic. 3. ('1) Uptmke and ex’ﬁm of 3 0 [“C]-mcthy -n-glucose \"xt,h Chlorclla‘

. vulgarss. Tnitial concentration 625 X 10° M corresponding to 0.1 pr/ml, increase
: 'm radioactivity to be scen ‘without algae is indicated by doLtcd lires, ‘the ealeus
lated maximum diffusion rate by the dashed line. A suspension with _40 ul packed

- cells/ml was _xpphed to - the lower compartment; liguid volume in upper ‘space:
© - 10 ml Bfiux was initiated by adding 005 ml 0253 d-glucose sclution. (b
. Kineties of 3-0- [“C] -ﬁ}pm)l«n-ﬁlucose uptake and efflux obtained with the membmne
'ﬁltc‘ ‘.ech'nqv@ (points) ar\d vnth our appar«ztus (full Jmc, mx\en fmm I‘xg. Sa) o

7
¥

foil unpelvloac to water and filled with a «omt*on of labﬂleu a-mcthyl p-
~glucoside (1-2 Ci/ml). Between this radiation source and the scintillator
'm"ferunt amounts of w ater were brought with the help of spacers of
arious thxckncss 2. Tt became evident (Table 1) that about 30% of the’
p-radlaum was absorbed b} a layer of water only 25 mn-thick. There-

- fore thie high d‘"m ¢ retes may reflect a quick upward diffusion of the
. labeled substance into a -zp e 25 ~a~1 .‘nd more a,oove tho :cmtlhawr vet
under the membrane filter. S : '
"‘he actuai upta.ke (efﬁu\) 1 I‘Lt!Ca one m:w a

"“ ”

au'mg’afto show’fup’ abqut;
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"1m.s C‘\pl‘c.\len catt be Jscd to estin atc from the a
S in’ ho 1\10501190 ot algae dm'mo‘.mxw of 3- O
T34 K= 610t
AR o in th° ‘cel ) Ixno“nfv the 'o 0 ‘nodn 1~ glucose
medium, one’ can furiher atio
ccnir"-” 1 inside/outside. I" co For instance, i
coin Fig. 3a, SO min alter addition of 3-0—[3“C}smcai‘ l-zl
"gav 2140 cpmi; the speeific activity was 16 Ci /xuO]""'
1 Ci/mole (the specific activity for which the ecalibr mn i
awvould have obscrved 134 cpm. With the expression g
~ lates the concentration o1c 3-0-‘“-*h\“e-D~<f1ucose ins
Rty ‘134/706 X{10* = 0.5 X 1074 A1
" The 1mtm1 outside. concentration of 3-O-methyl-n-glu
16 A in'a *otal volume -of 1 ml. "This LO“l(‘O‘.lt ‘1t ion !'
“ the uptake process: The lower compartment conis
- 0.75 11 vacked cells, which after 80 min had reache
.. glucose - concentration. of 6.3 AlO“fM’; the outside
' musn ha ave come o, S

G 25 X 10‘°-~ 6‘.) X ’O"4 >< 075/1000 = ""'7~>< 10847
'llve mtlo msxc’c/outwdo concer\tmt‘on s, L}en. 6.5 ,< 10-4/5.77 ~ ‘C* “
= 113 i : ' ' :

B0 qoh 15104 2008

e ot gm0

ST e
B fSCO counts/min -
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dmtlon a mffcrent wpproac" was 1 :‘.dc to calibrate 4
is I\nown from experiments without ‘algae (compare Em
-m mcacurcd radlmctl tv 01 1140 epm 15 aenemtea ‘)y <J a::

Fie. 4. \o.) L.no“ e'no’B rk plot of upual-.c tes (V) for 3 -mc.hv!-n—ﬂ‘l"f‘o
_obtained from kinetics shown in Fig. 4c. (b). meweaver—Bu‘k plot of uptake x‘atcs
~ (2.5 min values) cbtained with standard membranc filter tuhmquo. (¢) Original traces
~produced “with - the - apparatus. Arrows ‘ndxcatn mmctmu of 3-0-[*C]-methyl-p-
. glucose solution Cfatamnw 0.1 xCi in all cases; a. sxspenamn thh uO pl pﬂckcd
: 'nll- ml wasg f'pp"‘ to the lower comp rtmenu. bR .

.,“;‘Cx/molc, a chang by 1 :*C1/m1 COITespo dew mrmm' toa Qonceut :z,f;‘lozz
. change of 102 M. '\\ hen one obscrves in the presence of algae an iner
“in radioactivity of 1140 cpm (specific qcuvn} again 1 Ci/mole]
~concentration inside the algae bas inercased by 107 4¢ also if

i-lo\.fmg cohd1£xons are fulfilled:

an attempt was rmdc to caxmmte the rclatzvc‘ ‘plaz\e l'ﬁt("e obtamcd &

with our a;malatua For that purpose the cell density in the lower
compavtmcnt was kepl to about 50 ul packed cella/ml and the increase
inr dxoachvlw (counts/min?} was measured for the interval between. 3 -
‘ iin after injection of labeled 3-0-methyl-p-glucose, These rates, .
rcprescntw about the first 5 min of uptake by the als zae, were further -
“eorrected, assuming a standard specifie activity of 1.0 Ci/mele had been
employed. Comparison was then made with the rates measured for the
- first 3 min in paraile! experiments using the standard technique. As an .1

T

(a) bove the ominlator the space whose radicactivity
© s completely filled with algag; »
‘ (b) the xg'me do nct caanbc the coumnw cmcle'xcv.

i)
=1
Q.
m

The first conchuon prob bly is not meb avr‘ on¢ can reason as follows:
If the algane oceupy only .an effective {fraction f of the space whose

averace i1 m ‘iments involving » atehne Af algan ~tal- . 5 " L
aver ge »om eight exp um% 1ts m.\‘olm 13 f}w b.{..mcs of algac an upt@,q _radioactivity is menitored, then a mmf_u. v change of 107 37 in the ol
- rate of 1 gmele/hre-ml packed eells was found to correspond to an in- . .would yield only a change by f X 1140 (_,ﬁ 2 f~‘pcc activity a
. Y . B ‘:-Aa . o 7 L2 Lt oY A ' PR JAAJ L]
- erease in mrho'm ivity of 3.44 counts/min®, the maximum deviations - Ci/mole). A mmolarity change m dm cellsof 1.4 == an .mﬂ/:
) . N b oo 20 oA . WAOUS S His 32

‘being 447 % 'md 26% I‘rom that rohxtxan one can dchC'

: '.ccll. wovld cor‘"«p nd to j W1, 4 x LG cpm.‘;. R
,.molc/,ul pdcl\cd cdl:, —%2.0 >\ 10~' cp'n T B R LS SRR a
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- of the Chlorelle suspension was found to be L. 43 times as high as in the :
- control,” as would be expected if no a—mevh}‘-n-[“cg}-«ﬂ tcoside had "
. penetrated the cells. After 90 min, the conccntmtwns dxﬁercd stlll b

E t;on-.v :

b e EORHARD Lwﬁ—_'—*
We tmd to ch,tcunxm f in the fol owmg wxy: A labeled compound
that cannot peuctrate algal cells is brought into the medium. If no algac -
are present, tne measured radioactivity has a certain level; with algac
in the lower compartiment, less radioa ctivity will be seen, as the cells—
xmy ervious to the labeled compound—sort of dilute the radioactivity.
The fraction by which the algae diminish the original radioactivity level =

r‘)

MEASUREMENT OF ACTIVE UPTAZ{D L 2]
" be scen from Tig. 5 that cell concentrations of a certain pereentage cause
‘.. an cven higher percentage of weakening of radioaetivity, e, with a
- suspension of 50 wl packed cells/ml (= 5%) a weakening of alread;
23% is achieved. This may be explained by a cudmsz of the eells, o {hat
“the cells are more densely packed in the layer the radicactivity of which

suomd then be cqual to the cifective fraction f whxch hc alg;te DCCUPY it s detected by the seintillater.
from t};e relevant space above the seintillator. L S e Taking f = 0.23 for 50 il packed cells/ml, our calibration cor
A suitable substance that does not enter Chlorelle cel‘s is a- meuhyi-n{f* ! with -1 umole/ul packed cells = 0.23 X 1.14 X 10° = 2.62 X i®

gluceside. This has been shown experimentally: To 2 ml of a thick -
(, orelle suspension with 300 ul packed cells/ml (value corvected forr

nterceliular water according to .(5)), 0.05 ml e-methyl-p-{*Cy]-glu-- .~
hl sclution was added. After 5, 13, and 80 min, samples were with-
d' awn and centrifuged, and aliquots of the supernatant chieeked for their -
adioactivity. In the control, instead of algal suspension, the same volume .
buffer was mixed with the a- methyl-p-glucoside solution. After 5 and
5 min, the e-methyl-p-[*C;]- glucoside concentration in.the’ medium -

7 Trom comparison- with the membrane filter technicue, an actuadl
centration change by 1 pmole/ul packed cells was found to yi
- somewhat smaller radicactivity change of 2.06 X 10° cpm. Thi
'thc raca.mmmy in the cells is counted less clfiiciently b

."Z)

4‘

< 3-0-[lc] - methyi- /
: 0-giucose

N : ;{5“
R
afactor 124, S , Lot }
Figlre 5 shows which fractmn ] of the mdxoactlwtv d e to a-methﬂ-» ke S _
D~ ["C J-clucoside is sercened off with different cell concentrations in the L »v:’_tcmln J. gcow /mm R
lower” compartmant. 1t is ewdcnt that even thick suspensions do not 8 A
. con 1p’<.tcly oecupy tbe space detccyable by the ccxnmllator I‘urther 1t can . w A T e
Os ; Lo :v‘ S D~91uc65€ L
04 = -] L Ly,
I - -
. ,,? 24 ] -t/ \
0.3 C R RS o I s
o 21 ,/ : B : ) . . . ’
024 3 / = R \ ;
. . e,
034 e 20 30 49 - 50 €0 70 time.min
‘ . U Fra. 6. (2) Uptake and offux of S-0-[“Cl-methylo-slucos
100 200 e 160 ‘Neurespora crassa. Concentiration 107 3 corresponding to C.1
cell density, ul pccked ce\ls gl oo

radioactivity to be seen withou$ conidin is indicsted by dott
lated meximum diffusion rate by the hroken line. A suspensit
e "/'u. was applied to the lower C(‘mp.xr.m‘ i lguid vo
Tfiax wag iniliated by adding 002 mi 3 M 10° ) p-glucose
. Kineties of 3:0-I**Cl-methyl-s-glucose t.v.e,c\.g and efffax cbtalned with i
- brane dilter twhmqw \I,Q\nta) and with “the - spparatus (fa‘l h..,, {nkun I
"'Fxg.Cu;. ) : . T . :

Fre. 8, Traction .f by \xhxch tlxe mmsurcd. r:xdw%tiviw ’"e to a~mcthj,xc
["Col-glucoside is diminished in dependence om eel density in ibe lower come
partment. .["1'1 gles and points beleng to experiments with different algal prepara-
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~outside medium. This micht be due to an uneven dlstmbu fon of tne Iabel <5
in the cell and/or a stronger bsorptmu of B- admmon by the cell W all :
than by water. o : T e

3-0- \Ict/”jl D- nlucme untrzle oy Ncwospor Nau%'ospom co;*idid_’_
can accunulate 3-O-methyl-p-glucose in the cell manifold above the ™
'COHCGH’{L"L"D in t‘ne ~cdium; furthermore, a counter reransport t has beeny, :
found to oceur on addition of glucose (8). These processcs seemed
promising for further testing of the applicability of the appar‘ztus.

f\emoepova crassa strain 74-OR 23-1A De Serrcs was grown as de-
seribed elzewhere (7); conidia were harvested in Fries minimal mcdmm
: for the experiments. transferred into 008 M sodium. p! hosphate
buffer, pil 6.5. An orig ma.l trace of the .xln"‘ClC\ ootamcd is deplctod m

uptake. Parallel ex:pemrncnts with the
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Taxxgr, W., axnn O, KanNouzr, Z. Pflanzen

F .
Cell ‘concen rmon \\as.. n thesn expeuments nppr \un“tely 08 el
acked celis/mi; utherwise the proce dure was the same as with Chlorella

. Ba
.'Scarmorovem, G: A, J. Biol. Chem. 243, 7,
€3
.&s show n in I bb both mcfbo( 5,(1\' about Lhe same mncmca i

I
. Bz ADL!:, G W, AND T L 'l xwm, Amer. J.

“oo-sxo:cn.l_ww{-'mj‘

DTSCUbSIO’\E

" \Wken compmn the memtb of the two metl*ods x.ISL,d in thls woxk fot
uptake measurement, the membrane filter technique seems better suited
for short-term kinctics, e.g,, uptake during the first 2 min after addition
of substrate. If, howaver, one is concerned with uptake phmmnmra, taking
place in a time range of 10 min or longer, thc nc‘w mcthod secmb to bc 3
competitive; it also is more time-saving. e DI

Comparicon with another method should always be m.xde \vhen worl
ing with g new crganism. It has been tried, for instance, to ragasure
a-methyl-n-glucoside uptake with Qmmonella typhimwtum, but’ omj
qualitative agreement of the kmetms has been found as compared with
the flter technique; although acc umulation of radloactwlty could bc
clearly dgmun&tmted with the apparatus.

Improvements in'the response time of the appar‘ztus u\wh* be achxcved
with membrane filters allowing faster diffusion between the two com-
partments. One could even omit the membrane filter if thin thalli or

- filamentous algae were held to the symtlllator'o*xly ab its circumference. -

N SUV’\L&RY . caE
An apparatus is described allowing the 1erflstratxon of u.) take kiretics

of radioactive compounds by celis. Cells are held in a thin layer close
to a scintillation erystal so that uptuke of a labeled com ~ound is scen
as an inerease in measured radicactivity, As a demonstration of thu-

t}.o-'i accumulation -and countertransport I\mutms are shown -with

[“C]-mcth»] D-g]ucoce for ’"hla"ellcz vuluarzs anu for co'ncha oI

v“‘ N : R - . ’ ., 3 . r\ e
o Neurospora crassa; fov Cn(O?Cll(’ a K of 6 X 1042 is foun

¢
good avrecmc'xb and cam be used to calibrate thc fxppur itus.

I am groatly im‘cate(‘ to Dr. Drexler fromn Ges o
for the use of the photomuiliplier and the seintillation coystal, end to Dr, Tt

| MEASU ,m:‘m"“ or ACTI_VE vpraxy oo 10t

membrane filter technigue show

‘\IEI\"I S

waft fitr Strahienfor

for providing conidia of Newruspora,

and Miss:H. Meyer for skillful technical assistance.
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