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The Isolation of Oral Structures From Tetra­
hymena pyriformis by Low-Speed Zonal Cen­
trifugation 1 

G. L. WHITSON, G. M. PADILLA,2 R. E. CANNING, 
I. L. CAMEHON, N. G. ANDEHSON, and L. H. ELROD, 
l1iology Division, Oak Ridge National Laboratory,3 Oak 
Ridge, Tennessee 

The oral apparatus frOlu indole-Iyscd 
Tetrahym,ena has been isola ted in 
sucrose gradients. In the A-XII rotOl', 
kinctosomes and other material hund 
isopycnically at 12 to 18 perccnt SUet'ose 
und oral structures at 4,5 to 49 pet'cent 
sucrosc. Macronuclei a1'C found only 

wben sucrose gl'udicnts cxtending to 63 
percent ancI highcr are used. The sig­
nificance of nlethods for ohtaining large 
quantities of pure f"actions of oral 
structures is discusscd.-Nat Cancer 
Inst Monogl' 21: 317-321,1966. 

THE RECENT development of low-speed zonal centrifuge rotors (1) has 
made possible isolation of the larger subcellular components in consider­
able quantity and with higher resolution than obtained with conventional 
differential centrifugation, The cortical organelles and macronuclei of 
Tetrahymena are too large and sediment too rapidly for isolation by rate­
zonal centrifugation in the higher speed zonal rotors used for polysome 
t1Tld ribosome isolation, The studies reported here were begun with the 
purpose of developing methods for isolating oral stl'1lctlU'es in sufficient 
quantity for direct biochemical Hnalysis. 

METHODS 

Synchronously dividing Tetrahymena were grown axenically in modified 
2 percent proteose peptone with 0,1 percent liver extract, under the con­
ditions previously described by P~1dilla and C:1111el'On (2). Cells were 
removed from these cultures and resuspended in a 40 ml capacity, conical 
test tube. Ten to 20 IIl1 of packed cells ''lere washed in 0.01 M 'fris buffer 
containing 0.005 M Mg++ at pH 7,5, repacked, and lysed by addition of 
an equal amount of saturated indole made up in Tris buffer at pH 7.5. 

1 This research performed under the Joint National Institutes of Health-Atomic Energy Commission Zonal 
Centrifuge Development Program which is snpported by the National Cancer Institnte, the National Institute 
or Allergy and Infections Diseases, an(l the U.S, Atomic Energy Commission. 

2 Present address: Babies' Hospital Hcscnfcil Center, "\Vilnlington, North Carolina. 
Operated for the U.S. Atomic Energy Commission by the Nuclear Division or Union Carbide Corporation. 
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Linear sucrose gradients were used. They ranged from 10 to 55 percent 
(w/w) with a 55 percent underlay, 10 to 66 percent with a 66 percent 
underlay, and 30 to 66 percent with a 66 percent underlay. These 
gradients were mixed and pumped into the rotor as described elsewhere (3). 

For specific isolation of oral structures and kinetosomes the following 
method of cell fractionation WfiS used. Tetrahymena were collected and 
lysed with indole, fiS mentioned. 

The indole lysate was treated ,,"ith 4 times its volume of cold 95 percent 
ethanol (5° C) for 2 to 3 hours and centrifuged; the alcohol-soluble fraction 
\ms discarded. The remaining cell lysate was treated with 4 times its 
volume of cold 1 percent digitonin in 0.4 1\1 KCl as used by Seaman (4). 
After 1 hour, the lysate \nlS spun at 2000 rpm in a refrigerated Inter­
national preparative centrifuge for 10 minutes and the supernatant was 
discarded; the pellet was retreated with cold digitonin for 18 to 24 hours 
tn solubilize any remaining unstable cell fmetionR. Oral structures and 
kinetosomes were not solubilized by these trelLtments. Lysates were 
centrifuged again at 2000 rpm for 10 minutes and the supermltant was 
discarded; the pellet was resuspended in 10 percent sucrose. 

Each 30 ml sample was added to the A-XII rotor, which contained 
1300 ml of the sucrose gradient, ,,"hile the rotor was rotating at a speed of 
900 rpm. An overlay of 100 to 130 ml of Tris buffer at pH 7.5 was used 
under pressure with nitrogen to push the sample outward from the core 
of the rotor. The rotor was brought to It finnl speed of 3800 rpm to 
sepamte and band the various cell fractions in the rotor. The time re­
quired for a clefLr separation of these fmctions at this speed, determined 
visllally, varied from :30 minutes to a few hours, depending htrgely upon 
the gradient used. 

After final separation, the rotor speed was reduced to about 900 rpm 
and the rotor effluent was monitored through 11 continuous flow cell 
with a Beckman DU Spectrophotometer as described by Canning and 
Anderson (3). The percentage of sucrose for each 40 ml sample collected 
was determined refmctometricl111y, rLnd the contents of each sample were 
examined with a phase contrast microscope. Cell structures were then 
related to the absorbance peaks and to their position in the sucrose 
gradient. 

RESULTS 

Saturated indole effectively breaks open Tetrahymena and allows the 
separation of intact oral structures and other pellicular elements. A 
record of optical density showing the position of the kinetosome-containing 
fraction and oral structures of Tetrahymena in the sucrose gradient is 
shown in text-figure 1. The gradient used in this run was 10 to 55 percent 
with a 55 percent underlay. Phase contrast observation of the first peak, 
which reached an absorbance in excess of 2.5, showed that it contained 
kinetosomes and other digitonin-insoluble material. The second, smaller 
peak contained the oral structures, as shown in figure 1. The kinetosomal 
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TEXT-FIGURE l.--An opticnJ density profile taken from a recording potentiometer 
showing 260 mJL nbsorbancy of the separation of kinetosomes (pe'tk A) and oml 
strnctures (Iwak B). See t.ext for d<:tails. 

fraction ,yas found in ] 2 to 18 percent suerose and the oml strllctures ,yere 
sedimented to the 45 to 49 percent Sllel'OSe le\'el. 

The phase contrast photolllicl'Ogrllph shows thaI, each of Lhe oml 
struetures, or at least their skeletal frameworks, consists of three COlll­
pOllnd ciliary membmnelles (min liS their cilia.) and all undulating mem­
bntlle associated with SOllIe of t Ilese oral st ructllres. The on\,[ fibers or 
gullet fibers ('an be seen extending dO\\ll\y:trd and to one side. 

:\lacl'onllclei can be obtained ,,·hen Tris bllfrer is used and lysed eells 
are placed imlllediately into t he A-XII rotor after collection of Tetra­
hymena and lysing \\'it.h indole. Pl\l'e fr:wtiollS of JIIacl'oll1lclei Im,-e not. 
yet been recovered by banding in this rotor. They have, h()\\'e,-er, beon 
l'e('o\'ered in apparently good mOl'phological conditions frolll the rotor ,,-all 
"hen It suc]'ose gmdienL of lO to 55 percent was used. When recovered 
frolll sucrose gmdients, Illlw]'oll1lclei and sOllle cellular debris have been 
found in high-density sucrose lc,-els (63 % and higher), depcnding on 
their size. 

Fractions or mitochondria from TetrahymellCL have not. yet been obtained 
with these Illct.hods. Pet'}mps these structures became ('ontaminated \yith 
microsomal llIaterial ILlld other yltl'uolal' fractions. Moreoyer, in high­
density sucrose gradients and Itt low speeds these partides do not sediment 
or separn,te from the soluble or kinetosome-containing rmet-ion. 

ZONAL CENTHIFUGE 
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DISCUSSION 

The isolation of oral structureD is of interest for seyeml reasons, including 
the study of the relatiull uf these structures to cell diyision in synchronized 
Tetrahymena (5, 6). Experirnentally, cortical stornatogenesis and cell 
division can be prevented by the additioll of actinolllycin D to temperature­
synchronized Tetrahymena (7). 'Whether this in hibitioJl of cell division is 
directly correlated with the prevention of oral morphogenesis is not 
actually known. Williams (5), ho,,~ever, has fOil nd that oml fibers are 
absent from isola.ted oml structures after heat-sJwek treatment and he 
has suggested that these fibers may be the "divisioll proteins" in 
Tetrahymena. 

Since oral structmes in Tetrahymena may now be isolated by low-speed 
zOllal centrifugation, it should be possible to study structural protein 
synthesis UJld protein changes within these cells d lIl'ing the cell cycle or 
after experimental treatment. 

The role of the kinetosome in ciliate morphogenesis has been discussed 
at length by Chattoll and L"'off (8) and Lwoll' (rJ), and biochemical 
characterization of these structures has been described by Seaman (4) 
and Argetsillger (10). 

HEFERENCES 

(1) ANDE!(flON, N. G., BARRlNGEH, H. P., CliO, N., NUNLEY, C. E., BAB~]LAY, E. F., 
CANNING, R. E., and R.\NKIN, C. 1'., .J H.: The development of 10w-spl'ed 
"A" series zonal rotors. Nat Cancer lnst ylonogr 21: 113-1;{G, U)GG. 

(2) PAIlILL,\, G. lVL, and CAMERON, L L.: Synchronizntion of c(,ll division ill 
Tetrahymena pyriformis by a repetit.ive temperature cycle. ,/ Cell Comp 
Physiol M: 303-307, 19M. 

(3) CANNING, R. E., [tlld ANDEHSON, N. G.: Separn,tion of subcellular fractions with 
a new zonal rotor. Amer Zoologist 4: 310, 1964. 

(4) SEAMAN, G. R.: Large scale isolation of kinetosomes from the cili:ll,pd protozoan 
TetrahYJl1C'na pyriformis. Exp Cell n(:s 21: 292-a02, 19GO. 

(.5) WILLIAMS, N. E.: The development of oral JiJwrs in relation to indllced diviHion 
synl'hrony in Tetrahymena. J Protozool 11 (SuppJ) 10, 19G4. 

(6) ---: Structural develoPlllent in synchronously dividing Tetrahymena pyri­
forn/.1:8. In Cdl Division :md Growth (Zeuthen, E., eeL). Nmv York, .John 
Wih,y & Sons, Inc., 19G4, pp 15\J-17G. 

(7) WHITSON, G. L., anel PADILLA, G. M.: The effects of actinomycin n on stomato­
genpsis and cell division in temperature-synchronized Tetrahymena pynformis. 
Exp Cell Res ;{G: 6G7-671, 19G4. 

(8) CIlA'I"I'ON, E., :mel LWOFF, A.: La constitlltion primitive de In striccilian, <Ips 
infllsoircs. La desnodexie. C H Soc Bioi (Paris) 1 SS: lOGS, U):J5. 

(9) Lwon" A.: Problems in the Morphogencsis of Ciliates. New York, John Wilc,y 
& Sons, Inc., 1950. 

(10) AUGETSINGEH, J.: The isolation of cili:lry has[tl bodies (kinetosomes) from 
Tetrahymena pyriformis. J Cell Bioi 24: 154, 19G5. 



ZONAL CENTRIFUGE PLATE 62 

FIGURE I.- Photomicrograph of the isolated oral apparatus of 'i'etmhymena. Each 
oral apparatus (OA) consists of an undulating oral membrane (OM), three compound 
membranelles (MJ, M 2, and M 3), and oral fibers (OF). These structures were 
isolated from peak B of text-figure 1. 
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