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Role of Type I Myosins in Receptor-Mediated Dictyostelit~m inyosin IB (7) .  ~ ~ t h  myosins 
localize to the plasma membrane. The  phos- 

Endocytosis in Yeast uhorvlated form of AMIB concentrates to - A ,  

actively motile regions of the plasma inem- 
M. Isabel Geli and Howard Riezman* hrane (7). Double-deletion in~rtants in Dic- 

tyostelit~m type I myosins (myoAlmyoB or 
Type I myosins are thought to drive actin-dependent membrane motility, but the direct myoClmyoB-) show conditional defects in 
demonstration in vivo of their involvement in specific cellular processes has been difficult. fluid-phase pinocytosis (7). Deletion of 
Deletion of the genes MY03 and MY05, which encode the yeast type I myosins, almost MYO5, as with deletion of MY03 ( 3 ) ,  did 
abolished growth. A double-deleted mutant complemented with a MY05 temperature- not lead to any ohservable alterations in 
sensitive allele (myo5-1) showed a strong defect in the internalization step of receptor- growth properties (8). However, combina- 
mediated endocytosis, whereas the secretory pathway remained apparently unaffected. tion of both deletions in the same haploid 
Thus, myosin I activity is required for a budding event in endocytosis but not for several resulted in a severe growth defect (9). 
other aspects of membrane traffic. One of the main processes that requires 

plasma membrane deformation in nonmi- 
totic yeast is the internalization step of 
endocytosis. Actin and calinod~~lin, two key 

T y p e  I myosins constitute a large family of between the ATP and the actin binding proteins associated with myosin function, 
ubiquitous actin- and adenosine triphos- sites [S357 (Ser3j7)] (5).  Phosphorylation in are required in this process (19). Thus, it is 
phate (ATP)-dependent molecular motors vitro of the ameboid type 1 myosins causes a possible that a type I myosin could play a 
with a distinct COOH-terminal tail do- 20-fold activation of the adenosine triphos- role in the uptake step of receptor-mediated 
main. Instead of the coiled-coil region that phatase activity (5).  The  tail of ivlyo5p endocytosis. 
allows dimerization of conventional myo- contains two distinct features that are Endocytic internalization can he moni- 
sins, type 1 myosins possess a short positive- shareil with other yeast and anlehoid type I tored hy measurement of the percentage of 
ly charged tail that in many cases binds myosins: a proline-rich region that may "S-labeled a-factor bound to its receptor 
acidic phospholipids (1 ). Their biochemical constitute a second ATP-independent actin (Ste2p), which becomes resistant to an acid 
characteristics and subcellular localization binding site, and an SH3 (Src homology 3)  wash (pH 1) over time (1 1).  W e  used this 
to intracellular membranes suggest an in- domain proposed to mediate protein-pro- assay to measure the efficiency of receptor- 
volvement in actin-dependent membrane tein interaction (2) .  Recently, two SH3- mediated internalization in my031 and 
motility processes such as organelle move- containing type 1 myosins have been isolat- myo5A mutant strains (9 )  (Fig. 1, B and C ) .  
ment, vesicle trafficking, phagocytosis, pi- ed from mammalian cells (6). The yeast The my031 strain showed wild-type ( W T )  
nocytosis, membrane ruffling, or lainellipo- Myo5p and ivlyo3p show maximal homolo- internalization kinetics. In contrast, we de- 
dia formation (2) .  However, direct demon- gy to Acnnthnmoeba myosin IB (AMIB) and tected a strong internalization defect in the 
stration of their requirement in vivo for 
these functions has heen difficult because of Fig. , , myo54 but not is A 
their f~~nct ional  redundancy and the lack of defective for cr.factor i n t e r n a l i z a t i o n ,  - - - - 

LT = - 
established quantitative f~lnctional assays (A) Structure of ~ y 0 5  (GenBank/ 

- 
0 '2 * m 

(1 ) .  EMBUDDBJ access~on number a" m 7 Head Tail 
Oinly one type I myosin has heen de- SC9718: open readng frame 15772 

scribed in the yeast Saccharomyces cerevisine: to 19429). IQ, IQ motlfs; ATP, ATP 4 1 1 1  M I  
Myo3p. Deletion of the MY03 gene does binding site; S357, ~utati'le ~ h o s -  a % $ 2  2 o 2 v, 

not lead to any phenotypic change, which phovlaton site; SH3' SH3 domain, 

suggests functional redundancy (3). We (6) RH3376 (W, trangles), RH3377 
(my03A, diamonds), and RH3378 5 

have used a polymerase chain reaction (myo54, squares) (9) were assayed 
(PCR) screening approacll (4) to isolate a at 240C lines) or 3 7 0 ~  (dashed loo 
secolld gelle, MYO.5, that encodes a type I lines) as described (1 1). C e s  were 3 80 
myosin with 87% amino acid seiluence grown to logarithmic phase in syn- ; 60 
identity to Myo3p (Fig. 1A).  The head and thetic dextrose yeast extract (SDYE) 40 

tail domains are separated by three IQ (iso- at 24°C. Biosynthetically labeled 5 20 

leucine-glutamine) motifs, which would be 35S-a-factor was bound for 45 min o 
predicted to bind calinod~~lin, a key regula- On ice in Yeast extract' peptones ura- . Minutes 
tor of myosin 1 activity (2 ) .  A second level CII '  adeninee, and dextrose IYPUAD) 

medium. Cells werecentr~fuged and resuspended in YPUAD medium at 24°C or 37°C. Samples were taken of regulation is specifically provided in type at the indicated time points into pH 1 and pH 6 buffer to monitor internalized versus total cell-associated 
lnyosins by a phosphorylation site placed radioactivity. The results are expressed as the percentage of total counts internalized. The values corre- 

spond to the average of at least two independent experiments. with standard deviations smaller than 10% 
Department of B ochemistry, Biozentrum, Un~versity of (20% at the initla time pont), (C) The initial uptake rates (internalized counts per minute) were calculated for 

Kingebergstrasse70, CH-4056,Switzer1and, each experiment in the linear range. The average value of each mutant stran was dlvided by the corre- 
'To whom correspondence should be addressed sponding WT values at the appropriate temperature and expressed as a percentage. 
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myo5A strain at 37OC' but not at 24OC. 
Thus, it was likely that Myo3p could re- 
place Myo5p function in endocytosis at 
24°C but not at 37OC. 

To test this hypothesis, we constructed a 
temperature-sensitive (ts) allele of MY05 
(myo5-1) by analogy to the myo2-66 allele 
[E511K (Glu511 + Lys511)] of the essential 
yeast myosin V MY02 (12). The strain in 
which myo5-1 replaced MY05 (1 3) showed 
a-factor uptake kinetics similar to those of 
the myo5A strain at 24OC and 37OC (Fig. 
2A), but the initial uptake rate at 37OC was 
not as severely affected (Figs. 1C and 2C). 
Thus, the myo5-1 allele was strongly defec- 
tive at 37OC, although it retained some 
residual activity at this temperature. 

The pmyo5-1 plasmid was able to rescue 
the myo3A myo5A mutant for its growth 
phenotype at 24OC, but growth was strongly 
reduced at 37°C (13). The time courses of 

Fig. 2. Myo5p is required for A 
a-factor receptor intemal- 
ization. (A) Internalization as- 
says on RH3380 (myo5A 
pmyo5-1, squares) and 
RH3382 (myo5A pMY05, 
triangles) (13) (see legend of 
Fig. 1) at 24°C (solid lines) 

internalization by myo3A myo5A strains 
carrying WT or ts forms of Myo5p are 
shown (Fig. 2B). The initial uptake rate at 
24OC in strains expressing ts Myo5p was 
only 48% of that in the control strain (Fig. 
2C). A partial lack of function at 24°C is 
also found for the myo2-66 allele (12). 
Comparison between the uptake rates of 
strains expressing ts Myo5p in the presence 
or absence of Myo3p at 24°C (Fig. 2C, 5A 
versus 3858)  showed that M V O ~ D  can sub- , & 

stitute for Myo5p at this temperature. Be- 
cause shift of the myo3A myo5A pmyo5-1 
strain to 37°C caused an immediate de- 
crease in the initial uptake rate to 6% of 
that of the control strain (Fig. 2C), it is 
likely that Myo5p plays a direct role in the 
u ~ t a k e  steD of endocvtosis. 

We also monitored internalization of 
the a-factor receptor (Ste2p) directly by 
immunofluorescence (14) (Fig. 2D). Ste2p 

and 3?'~ (dashed lines). (B) Minutes Minutes 
Internalization assays on , .. 
RH3383 (myo3A m y o 5 ~  
pmyo5-1, squares) and 
RH3384 (myo3A myo5A 
pMY05, triangles) at 24OC 
(solid lines) and 37°C 
(dashed lines) (13). (C) Initial 
uptake rates of RH3380 and 
RH3383 strains expressed 
as percentages of the 
RH3382 and RH3384 val- 
ues, respectively. (D) Ste2p 
endocytosis by RH3384 and RH3383. The experiment was performed as described (14). The strains 
were grown to logarithmic phase on SDYE medium at 24°C. Cells were incubated for 10 min at 37OC in 
the presence of cycloheximide. a-Factor was added and samples were taken and processed for 
immunofluorescence at the indicated time points. A polyclonal antibody raised against Ste2p (22) was 
used. 

Fig. 3. Type I myosins are not required for invertase A pMY05 pmyo5-l 
secretion and carboxypeptidase (CPY) maturation. (A) min 25 z510 25 z5 lo 
lnvertase secretion. Pulse-chase labeling of invertase 
was performed as described (10). RH3384 (pMY05) and 1 M 4 ,  C (  (,, 
RH3383 (pmyo5-1) were grown to logarithmic phase on 
SDYE at 24"C, converted to spheroplasts, and incubated 
in low glucose medium to induce invertase expression. 
Cells were centrifuged and resuspended in 37°C pre- Cells -m 
warmed medium. After 5 min of incubation, cells were -core 
pulsed for 4 min with 35S-methionine and 35S-cysteine 
and chased for the indicated times. Spheroplasts were 
separated from the medium to assay intemal (Cells) and pMY05 prnyo5-1 
external (Sup.) invertase by immunoprecipitation, gel O " 2030 * 
electrophoresis, and fluorography; core, core glycosy- -- - 0p2 
lated form; m, hyperglycosylated form. (B) CPY matura- ,- ---- - P I  
tion. CPY pulse-chase labeling was performed as de- 'rn 

scribed (76). Cells were grown to logarithmic phase in SDYE medium at 24OC, centrifuged, resuspended 
in prewarmed medium (37"C), and pulse-labeled as described above. Cells were chased until the 
indicated times and analyzed as for invertase; pl , endoplasmic reticulum form; p2, Golgi form; m, mature 
vacuolar form. 

disappeared from the surface of cells ex- 
pressing WT Myo5p within 15 min after 
addition of a-factor at 37°C. The protein 
then concentrated in a brieht s ~ o t  near - . 
the vacuole, which corresponds to late 
endosomes (14). In contrast, Ste2p re- 
mained at the cell surface in cells express- 
ing only the ts Myo5p, which confirmed 
the defect in receptor-mediated endocyto- 
sis demonstrated above. 

MYOA from Aspergillus shows similarity 
to Myo3p and Myo5p (15), and its deple- 
tion results in enlarged cells that are inca- 
pable of hyphal extension and have reduced 
levels of extracellular acid phosphatase ac- 
tivity. Together with the immunolocaliza- 
tion of the myosin at the hyphal tip, this led 
to the ~ r o ~ o s a l  that MYOA is involved in - .  
the transport of components to sites of 
growth (15). To test whether Myo3p and 
Myo5p function in the secretory pathway, 
we assayed cells expressing only the ts 
Myo5p for invertase secretion (10) (Fig. 
3A). Maturation and secretion of invertase 
were normal at 37OC. Biosvnthetic traffic to 
the vacuole was also unaffected, as moni- 
tored by pulse-chase analysis of carboxypep- 
tidase Y (1 6) (Fig. 3B). Thus, type I myosins 
are required for a specific process in yeast 
membrane traffic: the uptake step of recep- 
tor-mediated endocytosis. 

The fact that the mvo3A mvo5A double 
mutant grew extremely poorly at 24OC sug- 
gests that these molecules are required for 
processes other than endocytosis (1 7). The 
myo3A myo5A pmyo5-1 strain showed a 
disorganized actin cytoskeleton at 24OC (8). 
It is likely that .type I myosins are also 
involved in the oreanization of the cortical - 
actin cytoskeleton in yeast (18). A disrupt- 
ed actin cytoskeleton is found in other en- 
docytosis mutants (19). The defect we ob- 
served in endocytosis was not solely due to 
the disruption of the actin cytoskeleton, as 
some mutants with disorganized actin have 
no defect in receptor-mediated endocytosis 
(20). 

Actin-dependent endocytic pathways 

Table 1. Saccharomyces cerevisiae strains used 
in the experiments. All strains were MATa his3 
leu2 trpl ura3 barl. 

Strain 
name 

RH3376 
RH3377 
RH3378 
RH3382 

Genotype 

MY03 MY05 
myo3A::HIS3 MY05 ade2 
MY03 myo5A::TRPl ade2 
MY03 myo5A::TRPl 

pMY05::UR43 ade2 
MY03 myo5A::TRPl 

pmyo5-1 ::Urn3 lys2 ade2 
myo3A::HIS3 myo5A::TRPl 

pMY05::URA3 lys2 
myo3A:: HIS3 myo5A: :TRP1 

pmyo5-1 ::URA3 lys2 
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have heen descriheil in many cell types 
(21) .  It 1s liliel>- that type I luyosins play an  
important role 111 enilocytic ~n te rna lca t ion  
\.ia these path\vay.. 

REFERENCES AND NOTES 

: . T. Hasso? and bl S, blooseker C&:Y 0a . r  Ceb'5 of 
7, 567 ,1995, 

2 R E Clietie: and 'bl S. I\/looseker. :s d. 4 27 I: 8") 
J A Hammer. J ',~?usc:e 9es Ce' ii/:~!:l. 15, 1 
!I 994:. 

3. H \,!. Gczds21- err1 J A. Su~~oic l - ,  Get' :/'G:". C:,- 
rcs!ie:e:op7 30, 73 1: 885,. 

4. ,!*! \/1 Betnent T Hassoti. J A. i."!~r:l- R E. Chet ie .  
'bl. S 'blooseker "--cc. >?a:' Aca6 Sc, L.S.A. 91 
6348 (1 99 i ! .  

3 J L Tan S Pav~cl J A. Sp.~d~ch AOI-,: Pev Bro- 
c!-epl? 61, 721 iK8921 

E, v'?' :,A, Bement, J A, ';,'lltI,, M A :~Aooseker J. ik:o' 
B:GI. 243 356 i 18V t  H. E. Stoiler. C. R~.cpert. J. 
Reinhard, 'bl, Bihler J. Ce," Brol. 129 819 i l 9 9 5 ,  

7. I .  C. Bai17es. A. Cor~gl~ano-l\/l.~rpiiy E, D. Korr J. 
Ce:'. Btot. 130, 59: i1895:. K. D. N o \ ~ a i ,  M. D. Peter- 
son. 1\4. C. Reed;.. \/1 A T~tus, h:o. 131, 12C5 ,1995) 

6. 1\4. I. Geli ancl H. Riezran, data not siio?,~n. 
8 bi'fC3 a17d ;\.:YO5 ';?ere delete:: n the same d i ~ o d  

;o obtain a he;erozyyo;~c staiti. RH3373 [ik&:a/ 
'J;ATr, sSe2iADE2 !-s3/0rs3 m~o31:.+i~S3ii\/:YO3 
m,oS1: T%F ' i nJ ; vC  I'e~12i:eui &s2ii)/S2 il,sr/ 
i * % i  ,:,S':,la3 ~a'7/bar.;1. Frotii t hs  strain ti le 
RH3376. RH3377 and RH3378 strains ,!)ere ye,i- 
erayed by tetrad dissecton [Table 1 ,. Deleiioti of 
V Y 0 3  has been clesc becl [ E l .  =or c~ele;~on of 
&:YO5 ti7e fragments Eco R l H ~ n d  Ill and Psi B g l  
I (Fig. :A)  '!/ere used to flank a 0 8-kc DU: frag- 
1re1-t carr:ing :he 'RDr gene. The spores were 
at7ayzec: b: rel,ca ca tng  on s:tithe;c dex;rose 
~ n e c l ~ ~ n  1ack1,ig tne corwsconding atnllio acids. 
None of tlie !oredcted dodbe mutants I ' IWlS3; 
o t t  of 2C dssec;ed tetracls formecl colot~~es. A  do^.- 
b e  tr..tatit harborng plasmcl p t r y o 5 -  or cl\/lYO5 
172; was able to fo<~;i p~npolnt-s~zecj colones Ll!,on 
p a s m d  loss. Wnen the ::m;oS-l-carryt>g stra'n 
vdas shfied to 37-C, the pro::orton of ~ . n b ~ ~ c ; d e d  
c e s  cld not crange. 

1C E. Kibler an; Y .  Rieztnai E'L?BC J. 42, 2855 
;19931: E Kibler F Sc1i11-i~noller. H P~ezn-an j::2 
13 3539 (1 99i:. 

: 1 . \!. C d c  e: a: iv;e:i-ous EI~z, $7-01 194. 697 I 199: ! 
12 E31 1 :G.13111 of ?,?yo2p n t,le p.~tatve actin bndng  

c:omaln [C. C Johnston, J. A Fendergast R A. 
S r q a  2. CeI' 5:ol 11 3 539 (1 881 :] cot responds to 
€172 ;CI~.472'1 I -  lL4yo5~ (Fig. 1A: Tne ae le  E472K 
'Gd47.2 - ,ys472; 1,~;,05-?; ,;.as generated by PCP 
arid clo~~ecl 17to a cetittornere-based c las~n~i i  :YC- 
cac33; Ce:le 74 527 (1 9881 to generate o1nyo3-1 
,.p*!ia-P;pe ~'~.:vC) ?,!as aso cone:' i?to YCpac33 to 
ge1ie1ate p111Y03 

13. RH3380 RH338? 213252. a10 RH??54 strails 
Table 1) ,*!ere ge?etatetl by tetrad o ~ s s e c r ~ o ~  fro11 
2hSS;S (3; trar-sfo~med :YI~I 1,11?;05-1 or aP.lYS5 
(72). 2HS382 ar-d RHSS84 :?ere bseo as controlsfor 
strans 2H3380 ano 2P338? n cr:'er to gaarar-tee 
s m ~ a r  anounrs of expresson o i  V,:T ario ts I?/lyo5p 
Srrallis RFS3E2 a17d 2 i3SE4 behz:eo In all exaerl- 
ments exactly as d d  the P i2376  stran except 'cr 
ci-'actor uptake a: 37'C xhere t i e  r ~ t ~ a ~  aatake 
 rates :\ere reo~ced  by aprjroxnate'; 25'0 

12 L i ~ c k e  E Zanolar~. V Fyrjae~t P R~eznan r 

128, 5;: : -935) 
-6. T S Stevens, B F s ~ r , o i  2 .  Sclieic~nan Cetl30. 439 

1 '  882' 

15 , M~tlhollano e: a ,  , '01s 125, 381 11 994: 
19 t i  Eer~edert~ S Rarbs, F. Cra~saz,  '-, R~ezman, n.~j,-l 

Bo,' Celt 5. -023 - 5 8 4 i ,  A L MI.!I~T, B J Ste\!en- 
scn il,: I  gel^. H 21ez1r,an ,I;,- 6, 72' 1.895:. 

20, n;,,c:l-S6 110i, ti;-; ;A, p:';l (19) srrans dsrapt 
rile actn c , ios ie le tor~  bar aSe Tcr rec1~11red for 
e rocc \~ tos~s  

21. C Lamaze and S L Sch~nd ,  C L , ~ ~  Cp I-. Cel: B:ct 
7 373 i1895: Iv1 I\~lan~ak. R Rauchenberger. R 
Abrechi, J I\/lurpi-), S Gersch Cei 83.815 [:983: 
K Sand',!~g and B 'Jan Deurs, J 5:~:. C n e , ~  265 
E382 i l9801 T ,A Gotteb, I E vanov, \/1 :desnk. 
C D Sabat~n~, J Cell 5 o 120. 693 ,1 9931, G J~ .ng  
and J ,A Han,ner I ,  h,o 110 I955 [:980;. 

22, B Zanoal-I. S Raths B Snger-Krtger. H. Reztran. 
Ceb' 71 735 11892!. 

23. i."!e iliati* Reztnan la!,orator] rnembets for d s c ~ s -  

s~on, S Schroder A L Munl-. A. Wesp, C. Suttern, 
and :,A Sci-onbachler for cr~t~cal read~ng of ti-e 
nanuscr~pt: T Aust ancl N Stern for technca asssi- 
ance: and H Soodson for the plasm~d to delete 
,4A/1)%3 Funded by a granr fro17 the S?,~ss Natonal 
Scence Foundat~on (to H.P.). \/1 1.S ';'!as suppor:ed 
by a European iMoecuar Bology Organ~zat~on long- 
terln fellowsh~p. 

19 December 1885' accected 12 Februa:-j I996 

Evaluating Eleetwoststlc Csntributisns to Binding 
with the Use of Pratein Charge Ladders 

Jinming Gao, Mafhai Marnrnen, George M. Whitesides* 

Electrostatic interactions between charges on ligands and charges on proteins that are 
remote from the binding in.terface can influence the free energy of binding (AG,). The 
binding affinities between charged ligands and the members of a charge ladder of bovine 
carbonic anhydrase (CAII) constructed by random acetylation of the amino groups on its 
surface were measured by affinity capillary electrophoresis (ACE). The values of AG, 
derived ffom this analysis correlated approximately linearly with the charge. Opposite 
charges on the ligand and the members of the charge ladder of CAI1 were stabilizing; like 
charges were destabilizing. The combination of ACE and protein charge ladders provides 
a tool for quantitatively examining the contributions of electrostatics to free energies of 
molecular recognition in biology. 

. -- 

A l t h o ~ i ~ h  chargcii grouyr apl~eai- in a ma- 
j o r ~ ~ \ -  of I:loloylcal molecules, ancl electrl). 
st ,~tic interactions betn.een tlleae groups un- 
~loul:reilly co~ l t r ib~ i t e  energet~cally to lllany 
important biological internctionc, it has 
been ditficult to cvaha te  thcje contril:l~- 
tlons iquai~tltati\-ely. A recent, stimulating 
revien. ot the ~ i - i f l ~ ~ e ~ ~ c e  ot electi-i)rtatic in- 
teractio~ls 111 1iiochemictr~- by EIonig [ i ) 
a~-ialy;.cci this ruhIcct in [letall and dren 'I 

i~ r imi~c r  of i ta r t l i~ lg  ~il terei~ces:  tor cxample, 
111 some cl rc~~msranccs  ( 2 .  .3), interaction\ 
hct\\-cen oppositc charges lila!- be ileetahi1i:- 
ing, rather than stal~ili:~ng as expecteel t(or 
ii1eali:cci elcctrostat~c ~nteractionc in vacu- 
11111 (4). 

Etforts to quai-it~tate e1ectrL)static eftects 
in interactioi-is ciiproteinq ~ v i t h  li~ai-iiis ha\.? 
centereil 011 proteins moclif~ecl by elte-spe- 
cific luutayenesi> (5). This techniL1ue, al- 
t11~x1g11 L ~ ~ > ~ ~ e r f ~ ~ l ,  is 1:1130r-1i1te11sl\-e ailil is 
cumhersome \\-hen used to generate pro- 
teins that arc multlrly mutatecl. Here \ye 
s~~rnmari:e the  energet~cq of ~nteract ion ot 
the llleilihers of ,I protein cllarge ladder ( 6 )  
ilerl\-eel from l-civine carbonic anhydrase 11 
(CXII)  (E.C. 4.1.1.1, containing r\vo 
iso:y~nes of isoelectrlc points 5.4 ailil 5.9, 
respect~\rely) ( 7 )  \\-it11 l ~ e n ; . e n e i i ~ l f ~ ~ i ~ a ~ i i i d ~ s  
sul~~titutecl in tlie p l ra  position wit11 
cllargecl and neutral griluy7s. CXII  is a 
r o ~ ~ g h l \ -  syherical Zn(I1) meta1loen:yme 

-To v.hon corresponaence sbo~l 'd  ,ze aadressed 
E - m a  i;l,i~tes~oes@g~n~,~,grou:: r-ar,,ara edu 

\i.ith a c o n ~ c a l  hincilng pocket. Thls  pocket 
is lineii with liotll hyciropl~obic a~nci polar 
resliiucs hut not with cllargecl reaiiiues (7). 
Tlle combination of attinity capillary clec- 
tropl~orcsis (ACE) (8) and chargc laiiilers 
deriveil fro111 CAII  anil otlher protcins ciin- 
stit~itec a vcrcatile anLl con\~eniei-it system 
~vi t l l  which to c1efi1-i~ electrortatic cco~ltrlhu- 
t i~inc to the cnerpetice of the  associaticn~ of 
cl~argeii p r o t e ~ ~ l b  and ch,~rgecI liganiic. 

Trcatmcnt  of C:ilII with acetic anhy- 
dride generates a set ot  proteins ill \\hi& 
i i i s t r ihut io~~s of positi\~ely chargcil Lys 
E-amnlonium groups are coil\-erted to ncu- 
tral N-acyl iicrix-at~ves (Eq. 1 ) .  

These sets ot ilioclltieil nroteiils a11rear in . k 
caL~i l lary  e l e~ t rc i~hores i s  ( C E )  as a set of 
evenly spaced n111ch uze call a "pro- 
tein charge lacliier" ( 6 ) .  I n  Eq. 1, n is t he  
n~riiiber of acl-lated amines [CAII  has 19 
Lys E - N H , + .  16 As17 or Glu-CO,-,  a ~ l d  9 
A r g - N H C ( N H , ) ,  grorips ( 7 ) ] ,  anil 2, - 
and L, are tile charqes ot the  native pro- 
tein and nroteins havine  12 ~ l l o i l ~ f ~ e d  LVS 
gror~ys,  repect ively .  111 CE,  the  electro- 
phoretic rnohillty iF,,) of a proteiil 1s pro- 
portional t o  ~ t s  charge anil inr~ersely cor- 
relateid \~1t11 its molecular weight (M) 
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