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SUMMARY: Addition of spectrin to spin- label led actin shows that the mode 
of interact ion of these two proteins depends strongly on whether spectrin 
and actin are polymerized before mixing, Spectrin does not af fect the 
EPR spectrum of spin- label led G- or F-actin in the absence of calcium, 
and addit ion of calcium-polymerized spectrin to actin is also re la t i ve l y  
inef fect ive.  Mixtures which cause polymerization of spectrin onto F-actin 
filaments produce strong changes in spin label mobi l i ty .  

Several laboratories have shown that an ac t in - l i ke  peptide is 

found in the human erythrocyte membrane (1-6), and may ex is t  in the 

native state as a complex with the high-molecular weight prote in(s) ,  

spectrin (1,4). In par t i cu la r ,  erythrocyt ic actin can be released from 

the membrane by select ive digestion of spectrin with trypsin (1,7) or 

by incubation of membranes with heavy meromyosin (1). I t  has been reported 

that spectrin w i l l  also interact  with muscle act in ,  as determined by 

viscometry and electron microscopy (8) and by a l terat ion of ATPase ac t i v i t y  

(9). Certain results in the older l i t e ra tu re  concerning erythrocyte 

"actomyosin" can be interpreted as supporting these observations (10,11,22). 

I t  has been shown by two laboratories that muscle actin can be spin- 

labelled in the F-form without affect ing the polymerization properties 

of the act in (12,13) or el iminat ing the a b i l i t y  of actin to bind to 

myosin (13). Moreover, binding of spin- label led actin to myosin did not 

affect act in 's  spin label spectrum. I t  thus seemed possible to investigate 

some physical aspects of the spectr in-act in interact ion using such probes. 

METHODS AND MATERIALS: Spectrin was prepared as described elsewhere (14,15) 
and concentrated to 10 mg/ml or greater by prec ip i ta t ion at pH 5.1 and 
resuspended in 5 mM HEPES buffer (pH 7.2). This step also separated spectrin 
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from erythrocyte actin (14,15). Spectrin was then chromatographed on Glycophase 
G-250 (Pierce) to remove hemoglobin, reconcentrated and preserved with i0 ~M NaN 3 
and kept at 4 o (for at most 48 hours) before use. Biuret protein determination 
was done as previously described (14). Muscle actin was prepared from acetone 
powder of rabbit  leg muscles according to the procedure of Spudich and Watt (16). 
Purif ied F-actin was spin-label led with maleimide spin label (4-(N-maleimide)- 
2,2,6,6-tetramethyl p iper id ine- l -oxy l )  according to Burley et al (13). After 
spin labe l l ing,  the actin was freed of excess label,  and any denatured material 
was removed by conversion to G-actin, centr i fugat ion, repolymerization, re-cent r i -  
fugation, and re-conversion to G-actin at a f inal protein concentration of 5-10 
mg/ml. The spin label was synthesized by a l i te ra ture  procedure (17) modified 
by use of 4-amino-2,2,6,6-tetramethyl-piperidine-l-oxyl (Eastman) as start ing 
material,  and f inal  c rys ta l l i za t ion  from I : I  ether:acetone. 

RESULTS: Actin and spectrin solutions were mixed to obtain f inal  concentrations 

of about 1.5 mg/ml spin labelled actin and 7.5 mg/ml spectrin. Mixtures not 

containing spectrin were di luted with 5 mM HEPES (pH 7.2). KCI (2.5 M) 

was added to a f inal  concentration of 50 mM, and CaCl 2 (0. I  M) to a f inal  concen- 

t rat ion of 3 mM. Actin polymerized within 5 min on addition of ei ther reagent. 

Spectrin polymerized quickly on addition of 3 mM CaCI 2 (14,15) but did not 

f locculate or precipi tate (18) at this calcium concentration. The KCI concentratio~ 

used was not su f f i c ien t  to rapidly polymerize spectrin but did cause some 

aggregation (as observed by negative staining electron microscopy). 

I f  only actin is spin- label led, there are 28 potent ia l ly  d i f ferent  states 

of the complex available using only the two proteins at f ixed ra t ios ,  and 

fixed concentrations of KCl and/or CaCI 2. While i t  seemed l i ke l y  that many 

of the states would prove to be physical ly equivalent, or at least ind is t in -  

guishable, i t  was necessary to test this experimentally. 

The three EPR spectra shown in Figure I are typical examples of the 

spectra obtained in a series of s ix d i f ferent  preparations of spin-labelled act in.  

To simpl i fy data presentation, the ra t io  of the two components of the f i r s t  hyper- 

f ine l ine was taken (12,13,19) and this parameter was further reduced by using 

an equation R = (G-x)/(G+x) where # is the ra t io  of the two peaks of G-actin 

and m is the same rat io  for other conditions. This procedure largely removes 

the effects of variat ion in G between d i f ferent  lots of spin labelled act in. 

In Figure 2 the values of this parameter for some of the various 

combinations are shown. The sal ient  point of Figure 2 is that most of the 
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Figure I .  Typical EPR spectra, i :  G-act in;  2: F-act in (AK); 3: F-actin 
plus spectr in fol lowed by calcium (AKSC). 
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Figure 2. Representation of re la t i ve  mobi l i ty  of spin labels attached to 
act in in various states.  A: G-act in, C: calcium chlor ide,  K: 
potassium ch lor ide,  S: spectr in.  Order of addit ion is from l e f t  
to r i gh t ,  e .g . ,  AKSC means act in was polymerized with KCI, spectr in 
was added and the solut ion was mixed, then calcium was added. 
Parentheses indicate addit ion of premixed components to act in ,  
e .g . ,  AK(SC) means calcium-polymerized spectr in was added to 
F-act in.  The horizontal axis is a rb i t ra ry .  

points l i e  in the same general range, with a few notable exceptions. F i r s t  

is the major jump from G-actin to F-act in.  This increase in apparent 

hindrance of the label on addit ion of KCI or CaCl 2 to G-actin is large, 

consistent in d i rec t ion  and extent with the l i t e r a t u r e  (12,13), and t o t a l l y  
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unaffected by the presence of spectr in. The absence of any major effect 

indicates that increased macroscopic v iscosi ty  due to addition of spectrin 

does not increase the microscopic "v iscosi ty"  of the medium. 

The majori ty of experiments in which ei ther calcium or spectrin was 

the second reagent added to G-actin are in the same general range as the 

values for conventional F-actin (AK) and calcium-polymerized actin (AC). 

In par t icu lar ,  the polymerized act in-spectr in (AS) complexes (ASC, ASK) are 

indist inguishable from AK and AC. This implies that the presence of spectrin 

does not af fect  the polymerization of act in,  at least in a manner detectable 

by spin label l ing.  The point (AK)+(SC) is also the same. However, A(SC) was 

less than ACS. This was probably due to binding of suf f ic ient  calcium by 

spectrin to pa r t i a l l y  prevent actin polymerization, since this preparation 

appeared to be less viscous than F-actin. 

Two points were c lear ly outside the range of the others. While addition 

of calcium to F-actin (AKC) produced s ign i f icant  further immobilization of 

actin spin label,  th is effect was markedly enhanced by addition of spectrin 

either before (AKSC) or af ter  (AKCS) addition of calcium to F-actin. Since 

calcium can cause formation of F-actin paracrystals (20), spectrin may ei ther 

be "coating" actin f ibers or enhancing side-to-side aggregation of actin. 

The difference between AKCS and ACKS is especial ly remarkable in this context, 

since the "R" values of AKC and ACK are s imi lar .  I t  is not clear why the order 

of addition of KCI and CaCI 2 to actin produces such a large difference. Since 

the G-actin concentration is less than 0.2 mM, the calcium cannot a l l  be bound 

at the usual divalent ion binding s i te  (21). I t  is possible that the 

calcium-induced polymerization of G-actin may resul t  in a form of actin which 

is less able to interact  with spectrin than ordinary F-actin. 

I conclude from these studies that spectrin prepared by low ionic 

strength d ia lys is  interacts strongly with muscle actin only when spectrin 

is polymerized by calcium in the presence of previously formed conventional 

F-actin f ibers.  I t  has been shown (12) that myosin affects spin-labelled 
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F-actin only by altering the rat io of G to F actin in a preformed 

F-actin solution and also that superprecipitation did not change the mobility 

of F-actin labels. This implies that i f  spectrin interacts with actin 

in a manner comparable with myosin, no observable spectral change would 

be expected on addition of spectrin to F-actin or upon polymerization 

of such complexes with calcium. Since signif icant changes were observed 

upon polymerization of spectrin bound to F-actin, i t  appears that the spectrin- 

actin interaction is not s t r i c t l y  myosin-like. 
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