





























Attorney Docket No.: 33320.03087.US2B/3087H

TABLE 8: PH20 Variants

mut cod mut cod mut cod mut cod mut cod mut cod

R045D | GAT | I110P CCT | R176K | AAG | V243C | TGT | I309L CTG | E375P CCT

RO45F TTT | I110R CGT | R176L CTT | V243D | GAT | I309M ATG | E375R CGT

R045G | GGG | 11108 AGT | R176P CCT | V243F TTT | I309N AAT | E3758S TCT

R0O45H | CAT | 1110V GTT | R176Q | CAG | V243G | GGG | I309Q CAG | E375T | ACT

R0451 ATT | I110W TGG | R176S AGT | V243H | CAT | I309R CGT | E375V | GTIT

R0O45K | AAG | D111C | TGT | R176T ACT | V243L | CTT | I309S AGT | E375Y | TAT

R045M | ATG | D111E | GAG | R176V | GTG | V243M | ATG | I1309T ACT | K376A | GCT

R045P CCT | D111G | GGT | R176W | TGG | V243P CCT | 1309V GTG | K376D | GAT

R045Q | CAG | D111H | CAT | P177A | GCT | V243Q | CAG | I309W [ TGG | K376E | GAG

R045S TCG | D1111 ATT | P177C TGT | V243R | AGG | I309Y TAT | K376G | GGG

R045T | ACG | D111K | AAG | P177D GAT | V2438 AGT | M310A | GCT | K376l ATT

R045V | GTG | D111L | TTG | P177F TTT | V243T | ACG | M310C | TGT | K376L | TTG

R0O45W | TGG | D111M | ATG | P177G GGG | V243W | TGG | M310E | GAG | K376M | ATG

R045Y | TAT | D111P | ACT | P177H | CAT | V243Y | TAT | M310F | TTT | K376P | CCT

1046A GCG | D111Q | CAG | P177L CTT | R244A | GCG | M310G | GGG | K376Q | CAG

1046C TGT | D111R | CGG | P177M | ATG | R244D | GAT | M310K | AAG | K376R [ CGT

1046E GAG | D111S AGT | P177Q CAG | R244G | GGG | M310L | CTG | K376S AGT

1046F TTT | DI111T | ACT | P177R CGG | R244H | CAT | M310N | AAT | K376T | ACT

1046H CAT | D111V | GTIT | P177S TCT | R2441 ATT | M310P | CCT | K376V | GTG

1046L CTT | D111W | TGG | P177T ACT | R244K | AAG | M310Q | CAG | K376W | TGG

1046M ATG | D111Y | TAT | P177V GTT | R244M | ATG | M310R | CGG | K376Y | TAT

1046N AAT | W112C | TGT | P177W | TGG | R244N | AAT | M310S | AGT | G377C | TGT

1046P CCT | W112D | GAT | P177Y TAT | R244P CCT | M310V | GTG | G377D | GAT

1046R CGT | W112E | GAG | N178A | GCT | R244Q | CAG | M310W | TGG | G377E | GAG

1046S TCT | W112F | TTT | N178D | GAT | R244S TCT | M310Y | TAT | G377F TTT

1046T ACT | W112G | GGG | N178E | GAG | R244T | ACG | R311A | GCT | G377H | CAT

1046V GTT | W112H | CAT | N178G | GGG | R244V | GTG | R311C | TGT | G3771 ATT

1046W | TGG | W1121 ATT | N1781 ATT | R244W | TGG | R311E GAG | G377K | AAG

1046Y TAT | W112L | CTT | N178K | AAG | R244Y | TAT | R311F | TTT | G377L | CTIT

N047A | GCT | W112N | AAT | N178L | TTG | N245A | GCG | R311G | GGT | G377M | ATG

N047D | GAT | W112P | CCT | N178M | ATG | N245C | TGT | R311H | CAT | G377P CCT

NO47F TTT | W112Q | CAG | N178P CCT | N245F TTT | R3111 ATT | G377R | AGG

N047G | GGG | W112R | CGT | N178R | CGG | N245G | GGG | R311K | AAG | G377S TCG

NO047H | CAT | W112S | TCT | N178S | AGT | N245H | CAT | R311L | TTG | G377T | ACT

N0471 ATT | W112V | GTT | N178T | ACT | N2431 ATT | R311P CCT | G377V | GTG

NO47K | AAG | W112Y | TAT | N178V | GTG | N245K | AAG | R311Q | CAG | G377Y | TAT

NO47L | CTT | E113A | GCT | N178W | TGG | N245L | CTG | R311S TCT | G378D | GAT

N047M | ATG | E113C | TGT | N178Y | TAT | N245P CCG | R311T | ACT | G378E | GAG

N047P | CCT | E113D | GAT | H179A | GCT | N245Q | CAG | R311V [ GTG | G378F | TTT

N047Q | CAG | E113F TTT | H179C | TGT | N245R | CGG | R311W | TGG | G3781 ATT

NO47R | CGG | E113G | GGG | H179E | GAG | N245S TCG | S312A | GCT | G378K | AAG

NO047S TCT | E113H | CAT | H179G | GGG | N245T | ACG | S312C TGT | G378L | CTG
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TABLE 8: PH20 Variants

mut cod mut cod mut cod mut cod mut cod mut cod

VO058S TCG | K124L | CTT | YI90N | AAT | P257C TGT | M323F | TTT | E389Q | CAG

VO058W | TGG | K124N | AAT | Y190P CCT | P257D GAT | M323G | GGG | E389R CGG

VO058Y | TAT | K124P CCT | Y190Q | CAG | P257G GGG | M323H | CAT | E389S TCG

DO059A | GCT | K124R | CGG | YI90R | CGT | P2571 ATT | M3231 ATT | E389T | ACT

DO5S9E | GAG | K124S TCT | Y190S TCT | P257K | AAG | M323K | AAG | E389V | GTIT

DO059G | GGG | K124T | ACT | Y190T | ACT | P257L CTT | M323L | TTG | E389Y | TAT

DO059H | CAT | K124V | GTG | Y190V | GTG | P257M | ATG | M323N | AAT | D390A | GCG

DO0591 ATT | K124W | TGG | Y190W | TGG | P257N | AAT | M323P | CCT | D390C | TGT

DO59L | CTT | P125A | GCT | N191A | GCT | P257Q | CAG | M323R | CGG | D390E | GAG

DO59M | ATG | P125C TGT | N191E | GAG | P257R CGT | M323S | AGT | D390F TTT

DO5S9N | AAT | P125D GAT | N191F TTT | P257S TCG | M323T | ACT | D390G | GGG

DO059P CCT | P125G | GGG | N191G | GGG | P257T ACG | M323V | GTT | D390H | CAT

D059Q | CAG | P125H CAT | N191K | AAG | P257V GTG | E324A | GCT | D390L | CTT

DO59R | CGT | P1251 ATT | N191L | TTG | P257W | TGG | E324C | TGT | D390N | AAT

DO59T | ACG | P125L CTT | N191IM | ATG | D258A | GCG | E324D | GAT | D390P CCG

D059V | GTG | P125N | AAT | N191P CCT | D258E | GAG | E324F TTT | D390R | CGG

DO59W | TGG | P125Q CAG | N191Q | CAG | D258G | GGG | E324G | GGG | D390S AGT

D059Y | TAT | P125R CGT | N191R | CGG | D258H | CAT | E324H | CAT | D390T | ACT

RO60A | GCG | P125S TCG | N191S | TCG | D258I ATT | E324L | TTG | D390V | GTG

R0O60D | GAT | P125T ACT | N191T | ACT | D258L | CTT | E324M | ATG | D390W | TGG

RO6OF | TTT | P125V | GTG | N191V | GTT | D258N | AAT | E324N | AAT | D390Y | TAT

R0O60G | GGT | P125W | TGG | N191W | TGG | D258P CCG | E324P CCT | L391A | GCT

RO60H | CAT | P125Y TAT | N191Y | TAT | D258Q | CAG | E324R | CGG | L391C TGT

R060I ATT | K126A | GCT | H192C | TGT | D258R | CGT | E324S AGT | L391D GAT

RO60K | AAG | K126D | GAT | H192F | TTT | D258S | AGT | E324V | GTG | L391G | GGG

RO6OL | CTT | K126E | GAG | H192G | GGT | D258T | ACG | E324W | TGG | L391H | CAT

RO6ON | AAT | K126F TTT | H192K | AAG | D258V | GTG | E324Y | TAT | L391K | AAG

RO60P CCG | K126G | GGT | H192L | CTT | D258W | TGG | T325A | GCT | L391IN | AAT

R060Q | CAG | K126H | CAT | H192M | ATG | D258Y | TAT | T325C | TGT | L391P CCT

R0O60S TCG | K126l ATT | H1I92N | AAT | A259E | GAG | T325D | GAT | L391Q | CAG

RO60T | ACG | K126L | CTG | H192P | CCT | A259G | GGG | T325E | GAG | L391R | CGG

RO60V | GTT | K126M | ATG | H192Q | CAG | A2591 ATT | T325G | GGT | L391S TCT

RO60Y | TAT | K126N | AAT | H192R | CGT | A259K | AAG | T325H | CAT | L391T ACT

LO61A | GCT | K126P CCT | H192S8 TCG | A259L | TTG | T3251 ATT | L391V | GTG

LO61E | GAG | K126Q | CAG | H192T | ACT | A259M | ATG | T325K | AAG | L391W | TGG

LO61F TTT | KI126R | AGG | H192V | GTT | A259N | AAT | T325M | ATG | L391Y | TAT

L0O61G | GGG | K126S TCT | H192W | TGG | A259P CCT | T325N | AAT | E392A | GCT

LO61H | CAT | K126T | ACT | H192Y | TAT | A259Q | CAG | T325Q | CAG | E392C | TGT

L0611 ATT | K126V | GTG | H193A | GCT | A259R | CGT | T325R | CGG | E392F TTT

L061IM | ATG | K126W | TGG | H193C | TGT | A259S | AGT | T325S TCG | E392G | GGG

LO6IN | AAT | K126Y | TAT | H193D | GAT | A259T | ACT | T325V | GTG | E392K | AAG

LO61P CCT | D127A | GCT | H193F TTT | A259V | GTG | T325W | TGG | E392L CTG
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L061Q | CAG | DI27E | GAG | H193G | GGG | A259W | TGG | I326A GCT | E392M | ATG

LO61R | AGG | D127F TTT | H1I93K | AAG | A259Y | TAT | I326C TGT | E392P CCT

LO61T ACT | D127G | GGT | H193L | TTG | K260A | GCG | I326D GAT | E392Q | CAG

L061V | GTT | D127H | CAT | H193M | ATG | K260C | TGT | I326E GAG | E392R | AGG

LO61W | TGG | D127K | AAG | H193P CCG | K260D | GAT | I326G GGG | E3928 AGT

LO61Y | TAT | D127L | CTG | H193Q | CAG | K260E | GAG | I326H CAT | E392T ACT

GO062A | GCG | D127M | ATG | H193R | AGG | K260G | GGG | I326K AAG | E392V | GTIT

G062C | TGT | D127N | AAT | H193S TCT | K260H | CAT | I326L CTT | E392W | TGG

G062D | GAT | D127Q | CAG | H193T | ACG | K260L | TTG | I326N AAT | E392Y | TAT

GO62F TTT | DI127R | CGT | H193V | GTG | K260M | ATG | I326P CCT | Q393A | GCG

G0621 ATT | D127S AGT | H193Y | TAT | K260P CCG | I326R CGG | Q393C | TGT

GO62K | AAG | D127T | ACT | Y194A | GCT | K260Q | CAG | I326S TCT | Q393D | GAT

GO62L | CTT | D127V | GTT | Y194C | TGT | K260R | CGG | I326V GTG | Q393F TTT

G062M | ATG | D127W [ TGG | Y194E | GAG | K260S | TCT | I326W | TGG | Q393G | GGT

GO62P CCT | V128A | GCT | Y194F TTT | K260V | GTIT | I326Y TAT | Q393H | CAT

G062Q | CAG | V128C | TGT | Y194G | GGG | K260W | TGG | L327A | GCT | Q3931 ATT

GO62R | CGT | V128E | GAG | Y1941 ATT | K260Y | TAT | L327D | GAT | Q393K | AAG

G062S AGT | VI28F TTT | Y194L | TTG | S261A GCG | L327E GAG | Q393L | TTG

G062T | ACT | V128G | GGG | Y194N | AAT | S261E GAG | L327F TTT | Q393M | ATG

G062V | GTG | V128H | CAT | Y194P CCT | S261F TTT | L327G | GGG | Q393N | AAT

G062Y | TAT | V1281 ATT | Y194Q | CAG | S261G | GGG | L327H | CAT | Q393P CCG

Y063A | GCG | V128K | AAG | Y194R | AGG | S2611 ATT | L327M | ATG | Q393R | CGT

Y063C | TGT | VI28L | CTG | Y194S TCG | S261K | AAG | L327N | AAT | Q393S TCG

Y063G | GGT | VI128P | CCT | Y194T | ACG | S261L CTT | L327Q | CAG | Q393T | ACG

YO063H | CAT | V128Q | CAG | Y194V | GTG | S261M | ATG | L327R | CGG | F394A | GCG

Y0631 ATT | VI28R | AGG | Y194W | TGG | S261IN | AAT | L327S AGT | F394D GAT

Y063K | AAG | V128S TCG | K195A | GCG | S261P CCT | L327T ACT | F394E GAG

YO063L | CTG | V128W | TGG | K195E | GAG | S261Q CAG | L327V | GTG | F394G | GGG

YO063M | ATG | V128Y | TAT | K195F | TTT | S261R | CGT | L327W | TGG | F3941 ATT

Y063N | AAT | Y129A | GCT | K195G | GGT | S261T ACT | L327Y | TAT | F394K | AAG

YO063P CCT | Y129C | TGT | K195H | CAT | S261V GTT | N328A | GCT | F394L CTG

YO063R | AGG | Y129D | GAT | K1951 ATT | S261W | TGG | N328C | TGT | F394N AAT

YO063S TCT | Y1I29E | GAG | K195L | TTG | P262A GCG | N328D | GAT | F394Pp CCG

Y063T | ACG | Y129G | GGG | K195N | AAT | P262D | GAT | N328G | GGT | F394Q | CAG

Y063V | GTG | Y129H | CAT | K195Q | CAG | P262E GAG | N328H | CAT | F394R CGT

YO063W | TGG | Y129L | TTG | K195R | CGT | P262F TTT | N328I ATT | F394S TCG

Y064A | GCT | Y1I29M | ATG | K195S TCT | P262G | GGG | N328K | AAG | F394T ACT

Y064C | TGT | Y129P CCT | K195T | ACT | P262H CAT | N328L | CTT | F394V GTT

Y064D | GAT | Y129Q | CAG | K195V | GTG | P2621 ATT | N328Q | CAG | F394W | TGG

YO064E | GAG | YI29R | CGG | K195W | TGG | P262K | AAG | N328R | AGG | S395A | GCG

Y064F TTT | Y129S AGT | K195Y | TAT | P262Q CAG | N328S AGT | S395C TGT

Y064G | GGT | Y129T | ACT | K196A | GCT | P262R CGT | N328T | ACT | S395D GAT
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Y064H | CAT | Y129V | GTT | K196C | TGT | P262S TCT | N328V | GTG | S395E GAG

Y0641 ATT | Y129W | TGG | K196D | GAT | P262T ACT | N328W | TGG | S395G | GGG

Y064K | AAG | K130C | TGT | K196E | GAG | P262V GTG | N328Y | TAT | S395H CAT

Y064L | CTT | K130D | GAT | K196G | GGG | P262W | TGG | P329C | TGT | S395K | AAG

Y064P CCT | KI130E | GAG | K196l ATT | P262Y TAT | P329F TTT | S395L CTT

Y064Q | CAG | K130G | GGG | K196L | TTG | L263A | GCT | P329G | GGT | S395M | ATG

Y064R | CGG | K130H | CAT | K196N | AAT | L263E GAG | P329H CAT | S395P CCT

Y064S AGT | K1301 ATT | K196P CCG | L263F TTT | P3291 ATT | S395R CGG

Y064T | ACT | K130L | TTG | K196R | CGT | L263G | GGG | P329K | AAG | S395T ACG

Y064V | GTT [ KI30N | AAT | K196S TCG | L263H | CAT | P329L CTG | S395V GTT

Y064W | TGG | K130Q | CAG | K196T | ACT | L263K | AAG | P329N | AAT | S395W | TGG

P0O65A | GCT | K130R | AGG | K196V | GTG | L263M | ATG | P329Q CAG | S395Y | TAT

P065C TGT | K130S TCT | K196W | TGG | L263N | AAT | P329R CGT | E396A | GCG

P065D | GAT | K130T | ACT | K196Y | TAT | L263P CCG | P329S AGT | E396C | TGT

PO65F TTT | K130V | GTG | P197A GCT | L263Q | CAG | P329T ACT | E396D GAT

P065G GGG | K130W | TGG | P197C TGT | L263R | CGG | P329V GTT | E396F TTT

PO65H CAT | K130Y | TAT | P197D GAT | L263S AGT | P329W | TGG | E396G | GGG

P0651 ATT [ N131C | TGT | P197E GAG | L263T ACT | P329Y TAT | E396H | CAT

PO65K | AAG | N131E | GAG | P197F TTT | L263V | GTT | Y330A | GCT | E3961 ATT

PO635N AAT | N131F TTT | P197G GGT | L263W | TGG | Y330C | TGT | E396L CTT

PO63R CGG | N131G | GGG | P197H CAT | P264A | GCG | Y330D | GAT | E396P CCG

P065S TCG | N131H | CAT | P197K | AAG | P264D GAT | Y330E | GAG | E396Q | CAG

PO65T ACG | N1311 ATT | P197L TTG | P264E GAG | Y330F TTT | E396R AGG

P065V | GTT | N131L | CTT | P197M | ATG | P264F TTT | Y330G | GGT | E396S TCT

PO65W | TGG | N131M | ATG | P197Q CAG | P264G | GGT | Y3301 ATT | E396T ACT

P065Y TAT | N131P CCT | P197R CGT | P264H CAT | Y330L | CTG | E396V | GTG

Y066A | GCG | N131Q | CAG | P197S AGT | P264L CTT | Y330M | ATG | E396Y | TAT

Y066C | TGT | N131R | CGG | P197T ACT | P264M | ATG | Y330N | AAT | K397A | GCT

Y066D | GAT | N131S | AGT | P197W | TGG | P264N | AAT | Y330P | CCT | K397C | TGT

Y066E | GAG | N131T | ACT | G198A | GCT | P264R CGG | Y330R | AGG | K397E | GAG

Y066G | GGT | N131V | GTG | G198C | TGT | P264S AGT | Y3308 AGT | K397F TTT

YO066H | CAT [ N131Y | TAT | G198D | GAT | P264T ACT | Y330V | GIT | K397G | GGT

Y0661 ATT | R132A | GCT | G198E | GAG | P264V GTT | 1331V GTG | K3971 ATT

Y066K | AAG | R132C | TGT | G198H | CAT | P264W | TGG | Y330W [ TGG | K397L | TTG

Yoo6L | CTG | R132E | GAG | G198L | CTG | P264Y | TAT | I331A GCT | K397M | ATG

YO066N | AAT | R132F TTT | G198N | AAT | V265A | GCG | I331C TGT | K397N | AAT

YO66P CCT | R132H | CAT | G198P CCG | V265C | TGT | I331D GAT | K397P CCG

YO066R | CGG | R1321 ATT | G198Q | CAG | V265D | GAT | I331E GAG [ K397Q | CAG

K397T | ACT | R132K | AAG | G198R | AGG | V265E | GAG | I331F TTT | K397R | AGG

K397V | GTT | R132L | TTG | G198S | TCT | V265F | TTT | I331H CAT | K397S | TCG

F398A GCT | L406P CCT | K415G | GGT | C423T ACT | A432L | TTG | E441D GAT

F398C TGT | L406Q | CAG | K415L | CTG | C423V | GTG | A432M | ATG | E441F TTT
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F398E GAG | L406R | CGG | K415M | ATG | C423W | TGG | A432N | AAT | E441G | GGG

F398G | GGT | L406S AGT | K415P CCG | 1424A GCT | A432P CCT | E441H | CAT

F398H CAT | L406T ACG | K415Q | CAG | I424C TGT | A432R | AGG | E441K | AAG

F3981 ATT | L406V | GTT | K415R | CGG | 1424E GAG | A432S | TCT | E441L CTT

F398L CTT | L406Y | TAT | K415S TCT | 1424G GGG | A432V | GTG | E441IN | AAT

F398N | AAT | S407A | GCG | K415T | ACT | 1424H CAT | A432Y | TAT | E441Q | CAG

F398P CCT | S407D GAT | K415V | GTG | 1424K AAG | F433A | GCT | E441R | CGG

F398R AGG | S407E GAG | K415W | TGG | 1424L CTT | F433C TGT | E441S AGT

F398S TCT | S407F TTT | K415Y | TAT | I424N AAT | F433D | GAT | E441T | ACT

F398T ACT | S407G | GGT | D416C | TGT | 1424Q CAG | F433E GAG | E441V | GTG

F398V GTT | S407H CAT | D416F TTT | I424R CGG | F433G GGG | E441Y | TAT

F398W | TGG | S407L CTG | D416G | GGT | 1424S TCG | F433H CAT | E442C | TGT

F398Y TAT | S407M | ATG | D416H | CAT | 1424T ACT | F4331 ATT | E442G | GGG

Y399A | GCG | S407N | AAT | D416l ATT | 1424V GTT | F433K | AAG | E442H | CAT

Y399C | TGT | S407P CCT | D416K | AAG | 1424W | TGG | F433L TTG | E442K | AAG

Y399D | GAT | S407Q CAG | D416L | CTT | 1424Y TAT | F433P CCT | E442L CTT

Y399E | GAG | S407R CGG | D416N | AAT | A425C | TGT | F433R CGG | E442M | ATG

Y399G | GGG | S407T ACG | D416Q | CAG | A425D | GAT | F433S AGT | E442N | AAT

Y399K | AAG | S407V | GTG | D416R | CGG | A425E | GAG | F433T ACT | E442P CCT

Y399M | ATG | S407W | TGG | D416S TCT | A425G | GGT | F433V | GTG | E442Q | CAG

Y399N | AAT | C408A | GCG | D416T | ACG | A4251 ATT | F433W | TGG | E442R | CGG

Y399P CCT | C408E GAG | D416V | GTG | A425K | AAG | L434F TTT | E442S AGT

Y399Q | CAG | C408F TTT | D416W | TGG | A425L | TTG | L434G | GGT | E442T ACT

Y399R | CGG | C408G | GGG | D416Y | TAT | A425M | ATG | L434H | CAT | E442V | GTG

Y399S TCG | C4081 ATT | T417A | GCT | A425N | AAT | L4341 ATT | E442W | TGG

Y399T | ACG | C408K | AAG | T417D | GAT | A425P CCT | L434K | AAG | E442Y | TAT

Y399V | GTIT | C408L CTIT | T417E GAG | A425R | AGG | L434M | ATG | P443A GCT

Y399W | TGG | C408N | AAT | T417F TTT | A425S AGT | L434N | AAT | P443D GAT

C400A | GCG | C408P CCT | T417G | GGG | A425V | GTG | L434p CCT | P443E GAG

C400D | GAT | C408R | CGT | T417H | CAT | A425W | TGG | L434Q | CAG | P443F TTT

C400E | GAG | C408S TCG | T4171 ATT | A425Y | TAT | L434R | CGG | P443G | GGG

C400F TTT | C408T ACT | T417K | AAG | D426A | GCT | L434S AGT | P443H CAT

C400G | GGG | C408V | GTT | T417L TTG | D426C | TGT | L434T ACT | P4431 ATT

C4001 ATT | C408W | TGG | T417M | ATG | D426E | GAG | L434V | GTT | P443L CTT

C400L CTG | C408Y | TAT | T417P CCT | D426F | TTT | L434W | TGG | P443M | ATG

C400M | ATG | K409A | GCG | T417Q | CAG | D426G | GGG | L434Y | TAT | P443N | AAT

C400P CCG | K409C | TGT | T417R | CGT | D426l ATT | K435A | GCT | P443Q CAG

C400Q | CAG | K409D | GAT | T417S TCG | D426K | AAG | K435C | TGT | P443R | AGG

C400R | CGG | K409E | GAG | T417W | TGG | D426L | CTG | K435E | GAG | P443S TCT

C400S AGT | K409G | GGT | D418A | GCT | D426M | ATG | K435F | TTT | P443T ACT

C400T | ACG | K409H | CAT | D418C | TGT | D426N | AAT | K435G | GGT | P443W | TGG

C400V | GTG | K4091 ATT | D418E | GAG | D426P CCT | K435H | CAT | Q444C | TGT
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TABLE 8: PH20 Variants

mut cod mut cod mut cod mut cod mut cod mut cod

C400Y | TAT | K409L | CTG | D418F TTT | D426Q | CAG | K4351 ATT | Q444D | GAT

S401A | GCT | K409P CCG | D418G | GGT | D426R | CGT | K435L | CTG | Q444E | GAG

S401C TGT | K409Q | CAG | D418I ATT | D426S TCG | K435P CCT | Q444F TTT

S401D | GAT | K409R | AGG | D418L | TTG | D426Y | TAT | K435R | AGG | Q444G | GGG

S401E GAG | K409S TCG | D418M | ATG | G427A | GCT | K435S TCT | Q444H | CAT

S401F TTT | K409T | ACG | D418N | AAT | G427C | TGT | K435T | ACT | Q4441 ATT

S401G GGG | K409V | GTG | D418P CCT | G427F TTT | K435V | GTT | Q444K | AAG

S401H CAT | K409W | TGG | D418Q | CAG | G427H | CAT | K435W | TGG | Q444L | CTG

S401K | AAG | A412Y | TAT | D418R | CGG | G4271 ATT | K435Y | TAT | Q444M | ATG

S401L CTT | E410D | GAT | D418S TCG | G427K | AAG | P436C TGT | Q444N | AAT

S401IN | AAT | E410G | GGG | D418V | GTG | G427L | CTG | P436D GAT | Q444R | CGG

S401Q CAG | E4101 ATT | D418Y | TAT | G427P CCT | P436E GAG | Q444V | GTIT

S401R CGT | E410K | AAG | A419D | GAT | G427Q | CAG | P436G | GGG | Q444W | TGG

S401T ACT | E410L CTT | A419E | GAG | G427R | CGT | P436H | CAT | Q444Y | TAT

S401W | TGG | E410M | ATG | A419F TTT | G427S AGT | P4361 ATT | I445A GCT

S401Y | TAT | E410N | AAT | A419G | GGG | G427T | ACT | P436K | AAG | 1445C TGT

C402A | GCT | E410P CCG | A419H | CAT | G427V | GTG | P436L CTG | 1445D GAT

C402D | GAT | E410Q | CAG | A4191 ATT | G427W | TGG | P436M | ATG | 1445G GGG

C402E | GAG | E410R | CGT | A419K | AAG | G427Y | TAT | P436Q | CAG | 1445H CAT

C402F TTT | E410S TCG | A419L | CTT | V428A | GCT | P436R CGG | 445K AAG

C402G | GGG | E410T ACG | A419N | AAT | v428C | TGT | P436S TCT | 1445L CTT

C402L TTG | E410V | GTG | A419P CCT | V428D | GAT | P436T ACT | 1445M ATG

C402M | ATG | E410W [ TGG | A419R | CGG | V428E | GAG | P436W | TGG | 1445N AAT

C402P CCT | E410Y | TAT | A419S | TCT | V428F | TTT | P436Y | TAT | 1445P CCT

C402Q | CAG | K411A | GCT | A419T | ACT | V428G | GGT | P437A | GCT | 1445Q CAG

C402R | CGG | K411D | GAT | A419W | TGG | V428H | CAT | P437D GAT | [445R AGG

C4028 TCT | K411E | GAG | A419Y | TAT | V428L | CTT | P437F TTT | 1445S AGT

C402T | ACG | K411F TTT | V420A | GCT | V428M | ATG | P437G GGT | 1445T ACT

C402V | GTT | K411G | GGG | V420D | GAT | V428N | AAT | P437H | CAT | 1445V GTG

C402W | TGG | K411H | CAT | V420F | TTT | V428P CCT | P4371 ATT | I445W | TGG

C402Y | TAT | K4111 ATT | V420G | GGT | V428R | CGG | P437K | AAG | 1445Y TAT

Y403A | GCT | K411L | CTG | V420H | CAT | Vv428S TCG | P437L CTG | F446A GCT

Y403C | TGT | K411N | AAT | v420I ATT | V428T | ACT | P437M | ATG | F446C TGT

Y403E | GAG | K411P | CCT | V420K | AAG | V428Y | TAT | P437Q | CAG | F446D | GAT

Y403F | TTT | K411R | AGG | V420L | CTT | C429A | GCT | P437R CGT | F446E GAG

Y403G | GGT | K411S TCG | V420N | AAT | C429D | GAT | P437S TCT | F446G | GGG

Y403H | CAT | K411T | ACT | V420P CCT | C429G | GGT | P437T ACT | F446H CAT

Y403K | AAG | K411V | GTT | V420R | AGG | C4291 ATT | P437W | TGG | F4461 ATT

Y403L | TTG | K411W | TGG | V420S | TCT | C429K | AAG | P437Y | TAT | F446K | AAG

Y403M | ATG | A412D | GAT | V420T | ACT | C429L | TTG | M438A | GCT | F446L TTG

Y403N | AAT | A412E | GAG | V420W | TGG | C429M | ATG | M438C | TGT | F446M | ATG

Y403P CCG | A412G | GGG | V420Y | TAT | C429N | AAT | M438D | GAT | F446Q CAG
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TABLE 8: PH20 Variants

mut cod mut cod mut cod mut cod mut cod mut cod

Y403Q | CAG | A412H | CAT | D421A | GCT | C429P CCT | M438E | GAG | F446R CGG

Y403R | CGG | A4121 ATT | D421E | GAG | C429R | CGG | M438G | GGG | F446T ACT

Y403S TCT | A412L | CTG | D421G | GGT [ C429S TCG | M438L | TTG | F446V | GTT

Y403T | ACG | A412N | AAT | D421H | CAT | C429T | ACT | M438N | AAT | F446W | TGG

S404A GCT | A412P CCT | D4211 ATT | C429V | GTT | M438P | CCT | Y447D | GAT

S404C TGT | A412Q | CAG | D421K | AAG | C429W | TGG | M438Q | CAG | Y447E | GAG

S404D GAT | A412R | CGG | D421L | TTG | C429Y | TAT | M438R | AGG | Y447F TTT

S404F TTT | A412S AGT | D421M | ATG | 1430A GCT | M438S | TCG | Y447G | GGT

S404G | GGT | A412V | GTT | D421IN | AAT | 1430D GAT | M438T | ACT | Y4471 ATT

S404H CAT | A412W | TGG | D421Q | CAG | I430E GAG | M438V | GTG | Y447K | AAG

S404L CTT | D413A | GCG | D421R | CGG | 1430G GGG | M438W | TGG | Y447L | CTIT

S404M | ATG | D413E | GAG | D421S TCG | 1430H CAT | M438Y | TAT | Y447 | ATG

S404N | AAT | D413F TTT | D421T | ACT | I430K AAG | E439A | GCT | Y447N | AAT

S404p CCT | D413G | GGT | D421W | TGG | 1430L TTG | E439C | TGT | Y447P | CCT

S404R AGG | D413H | CAT | D421Y | TAT | I430M ATG | E439F TTT | Y447Q | CAG

S404T ACG | D4131 ATT | V422A | GCT | I430N AAT | E439G | GGG | Y447R | AGG

S404vV GTG | D413K | AAG | vV422C | TGT | 1430P CCT | E439H | CAT | Y447T | ACT

S404W | TGG | D413L | CTG | V422D | GAT | I1430R AGG | E439K | AAG | Y447V | GTIT

S404Y | TAT | D413N | AAT | V422E | GAG | 1430S TCT | E439L CTT | Y447W | TGG

T405A | GCG | D413P CCG | V422G | GGG | 1430T ACT | E439N | AAT

T405C TGT | D413Q | CAG | V422H | CAT | 1430V GTT | E439P CCT

T405F TTT | D413R | CGT | V4221 ATT | I430W | TGG | E439Q | CAG

T405G | GGG | D413S TCG | V422L | CTG | D431A | GCT | E439R | CGG

T4051 ATT | D413T | ACT | V422M | ATG | D431E | GAG | E439S TCG

T405K | AAG | D413W | TGG | V422N | AAT | D431G | GGT | E439T ACT

T405L TTG | V414A | GCG | V422P CCT | D431H | CAT | E439V | GIT

T405M | ATG | V414D | GAT | V422Q | CAG | D4311 ATT | E439W | TGG

T405P CCG | V414E | GAG | V422R | CGT | D431K | AAG | T440A | GCT

T405Q | CAG | V414F | TTT | V422S | TCG | D431L | CTT | T440D | GAT

T405R | CGT | V414G | GGT | v422T | ACT | D431N | AAT | T440E GAG

T405S TCT | V414H | CAT | V422W | TGG | D431P CCT | T440F TTT

T405V | GTG | V4141 ATT | V422Y | TAT | D431Q | CAG | T440G | GGG

T405W | TGG | V414K | AAG | C423A | GCT | D431R | CGT | T440H | CAT

T405Y | TAT | V414L | TTG | C423D | GAT | D431S | TCT | T4401 ATT

L406A | GCT | V414M | ATG | C423E GAG | D431V | GTT | T440L CTT

L406C | TGT | V414Q | CAG | C423F TTT | D431W | TGG | T440M | ATG

L406D | GAT | V414R | AGG | C423G | GGG | D431Y | TAT | T440P CCT

L406E GAG | V414S | TCG | C423H | CAT | A432C | TGT | T440Q | CAG

L406F TTT | V414T | ACT | C423L | CTG | A432E | GAG | T440R | AGG

L406G | GGT | V414Y | TAT | C423M | ATG | A432F | TTT | T440S AGT

L4061 ATT | K415A | GCG | C423P CCT | A432G | GGG | T440V | GTG

L406N | AAT | K415C | TGT | C423Q | CAG | A432H | CAT | T440Y | TAT
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mut cod mut cod mut cod mut cod mut cod mut cod

K415D | GAT | C423R | AGG | A4321 ATT | E441A | GCT

K415E | GAG | C423S TCG | A432K | AAG | E441C | TGT

2. Expression
For expression of each mutant, HZ24-PH20-IRES-SEAP plasmid DNA containing
cDNA encoding one of the variant PH20 or encoding wildtype PH20 was transfected into
monolayer CHO-S cells (Invitrogen, Cat. No. 11619-012) using Lipofectamine 2000
(Invitrogen, Cat. No. 11668-027) according to the protocol suggested by the manufacturer.
CHO-S cells were seeded the night before transfection and grown in DMEM with 10% FBS
to be 80% confluent the next day. Then, the medium of the CHO-S cells was replaced with
Opti-MEM. A mixture of plasmid DNA and lipofectamine was made (0.2 pg DNA and 0.5
pL Lipofetamine). The Lipofectamine/DNA mixture was added to CHO-S cells and
incubated overnight. The next day, the cells were supplemented with CD-CHO serum free
medium (Invitrogen, Cat. No. 10743-029). Supernatant from transfected cells was collected
at various time points after transfection, and generally 96 hours after transfection. The
supernatant, containing the variant PH20 protein or wildtype PH20 having a sequence of
amino acids set forth in SEQ ID NO:3, was stored at -20 °C. Activities of the supernatants
were screened as described in the following examples.
EXAMPLE 3
SCREENING OF LIBRARY WITH A HYALURONIDASE ACTIVITY ASSAY TO
IDENTIFY ACTIVITY MUTANTS

In this example, supernatants of expressed PH20 variants generated in Example 2
were screened using a hyaluronidase activity assay to assess activity of each mutant. In
addition, activity of the secreted alkaline phosphatase (SEAP) was also measured to allow for
normalizing PH20 activity of the expressed mutants to the PH20 wildtype. Active and
inactive mutants were identified.

1. Generation of Biotinylated HA (bHA) Substrate

A 1.2-MDa HA (Lifecore) was biotinylated for use as a substrate in the
hyaluronidase activity assay. First, 1.2 grams (g) of 1.2 MDa HA was dissolved at 4 °C in
600 mL ddH»0 for a week at a concentration of 2 mg/mL with stirring. Next, 645.71 mg
Biotin Hydrazide was dissolved in 100 mL DMSO to a concentration of 25 mM (6.458
mg/mL, 247.8 mg in 38.37 mL DMSO). The biotin solution was warmed briefly at 37 °C
until the solution was clear. Also, 368.61 mg Sulfo-NHS in 20 mL ddH,O was dissolved to
make a 100X solution (18.4 mg/mL Sulfo-NHS). A 30 mM (1000X) water-soluble
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carbodiimide EDC solution was made by dissolving 17.63 mg EDC in 3 mL ddH20 ata
concentration of 5.7513 mg/mL right before the reaction was started.

To four (4) 1000-mL sterile capped bottles, the following components were added at
room temperature (RT) and in the following order with stirring: 1) 200 mL of 2 mg/mL HA
solution; 2) 80 mL of 0.5M MES, pH 5.0 with gentle mixing; and 3) 91.6 mL of ddH,0 with
gentle mixing. Next, 24 mL of 25 mM Biotin-Hydrazide and 4 mL of 100X Sulfo-NHS
solution were added sequentially, immediately followed by the addition of 500 uLL EDC.
After the addition of each component, the solution was mixed by inverting three times and
stirring. After the addition of the last component, the solution was mixed by stirring
overnight at 4 °C. Then, Guanidine hydrochloride was added to a final concentration of 4 M
by adding 38.2 g per 100 mL and was allowed to dissolve completely before adjusting the
solution volume to 600 mL with ddH-O.

For dialysis, 200 mL from each batch of the conjugated HA guanidine hydrochloride
solution was transferred into dialysis membranes. Over the course of three days, the solution
was dialyzed against ddH»>O with a change in ddH»O at least six times. The resulting volume
of about 840 mL was adjusted to a final volume of 1000 mL with ddH,O. The final
concentration of the biotinylated hyaluronan (bHA) was 0.4 mg/mL.

2. Hyaluronidase Activity Assay

The enzyme assay was a modification of the method described by Frost er al. (1997)
(A Microtiter-Based Assay for Hyaluronidase Activity Not Requiring Specialized Reagents.
Analytical Biochemistry (1997) 251:263-269) that provides a measure of PH20 hyaluronidase
activity.

First, biotinylated HA (bHA) substrate was bound to plastic microtiter plates to
generate assay plates. Briefly, 100 ul of b-HA at 1 mg/mL in 0.5 M carbonate buffer (pH 9.6)
was dispensed into each well of a high bind microplate (Immunolon 4 HBX extra high
binding; Thermo Scientific). The plate was covered with a plate sealer and stored between 2-
8 °C for 24-48 hours.

Then, the assay plate was washed with 1 X phosphate buffered saline (PBS) wash
buffer containing 0.05% (v/v) Tween 20 (PBST). PBST was generated from 1X PBS
(generated from Catalog No. P5368, Sigma (10 mM Phosphate Buffer, 2.7 mM Potassium
Chloride, 137 mM Sodium Chloride, pH 7.4) by placing the contents of one packet of PBS
into a 1-L graduated cylinder with 800 mL deionized water, dissolved by stirring or shaking
and adding sufficient quantity of water to 1 L) by adding 500 pl Tween 20 (Catalog No. 6505;
EMD Bioscience) to 900 mL of 1 X PBS and adding sufficient quantity of waterto 1 L.
Washing was done using the BioTek ELx405 Select CW plate washer (BioTek) by washing
five (5) times with 300 ul PBST wash buffer per well for each wash. At the end of each

wash, the plate was tapped on a paper towel to remove excess liquid from each well. Prior to
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incubation with samples, 200 pl Blocking Buffer (1.0% w/v Bovine Serum Albumin (BSA) in
PBS) was added to cach well and the assay plate was incubated at 37 °C for approximately 1
hour prior. The Blocking buffer was generated by adding 2.5 g of BSA (Catalog No. 001-
000-162; Jackson Immuno Research) to 200 mL 1 X PBS, stirring, adding a sufficient
quantity of 1 X PBS to 250 mL and filtering through an 0.2 uM PES filter unit.

Transfected variant or wildtype PH20 supernatants generated as described in
Example 1 were diluted in duplicate 1:25 in assay diluent buffer (pH 7.4 HEPES buffer; 10
mM HEPES, 50 mM NaCl, 1 mM CaCl,, 1 mg/mL BSA, pH 7.4, 0.05% Tween-20) in
uncoated 4XHB high bound microplates. For the standard curve, 1:3 serial dilutions of
rHuPH20 (generated as described in Example 1 with a specific activity of 145 U/mL) were
made in assay diluent buffer in duplicate starting from 3 U/mL for standards as follows: 3
U/mL, 1 U/mL, 1/3 U/mL, 1/9 U/mL, 1/27 U/mL, 1/81 U/mL, and 1/243 U/mL. One¢ hundred
microliters (100 pl) of each standard and sample were transferred to the assay plates and
incubated for approximately 1.5 hours at 37 °C.

After the incubation, the plate was washed with PBST using the BioTek ELx405
Select CW plate washer by washing five (5) times with 300 pul PBST wash buffer per well for
each wash. At the end of each wash, the plate was tapped on a paper towel to remove excess
liquid from each well. Then, 100 ul of 1:5000 diluted Streptavidin-HRP (SA-HRP) was
added to each well of the plate and incubated at ambient temperature for approximately 1
hour. For the dilution, a 1 mg/mL stock of Streptavidin-HRP conjugate (Catalog No. 21126;
Thermo Scientific) was diluted 1:5000 into dilution buffer (1 mg/mL BSA, 0.025% Tween20,
137 mM NaCl, 20 mM Tris pH 7.5). After the incubation, the plate was washed with PBST
using the BioTek ELx405 Select CW plate washer by washing five (5) times with 300 pl
PBST wash buffer per well for cach wash. At the end of each wash, the plate was tapped on a
paper towel to remove excess liquid from each well. Then, 100 pl of TMB solution (Catalog
No. 52-00-03, KPL; ambient temperature and protected from light) was added to each well
for approximately five (5) minutes at room temperature or until an optimal color development
was yielded. To stop the reaction, 100 pl 1.0 N Sulfuric Acid or TMB Stop solution (Catalog
No. 50-85-06) were added to cach well and the plates tapped to mix. Optical density was
measured at 450 nm within 30 minutes of adding the stop solution. Since more PH20 in a
standard or sample would lead to less bHA available to bind SA-HRP, the optical density
(450 nm) value was inversely proportional to the concentration of hyaluronidase activity in
cach specimen.

3. SEAP Activity

Activity of secreted alkaline phosphatase (SEAP) in the cell culture supematant also
was measured using a colorimetric assay of placental alkaline phosphatase using pNPP as a

phosphatase substrate (Anaspec SensoLyte pNPP SEAP kit; Catalog No. 72144, Anaspec)
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according to the manufacturer’s instructions. The absorbance signal was measured at optical
density (OD) of 405 nm.

The criteria for the high throughput (HTP) screening were that the transfected
supematant resulted in a SEAP signal of > 0.1 and the signal for the rHuPH20 wildtype
control produced a signal of > 1 U/mL. Also, the criteria for each screen were that the
standard curves had a signal to noise ratio (S/N) for the 0 U/mL standard versus the 3 u/mL
standard at ODaos of > 5, had less than three (3) standards with a coefficient of variation (CV)
> 10%, and at least four (4) of the standards were in the linear range.

EXAMPLE 4
SELECTED PH20 VARIANTS WITH ALTERED HYALURONIDASE ACTIVITY

Each generated variant was screened for hyaluonidase activity as described in
Example 3. The SEAP expression was used to normalize PH20 activity of each variant to the
PH20 wildtype. Mutants were identified that exhibited altered hyaluronidase activity
compared to wildtype.

1. Active Mutants

Active mutants were selected whereby at least one duplicate sample exhibited greater
than 40% of wildtype activity when normalized to SEAP activity. The identified active
mutants are sct forth in Table 9. The Table sets forth the amino acid replacement compared
to the sequence of amino acids of PH20 set forth in SEQ ID NO:3. The amino acid sequence
of exemplary mutants also is set forth by reference to a SEQ ID NO. The Table also sets
forth the average hyaluronidase activity of tested duplicates normalized by SEAP values
compared to average of wildtype PH20 activities in each plate, which were also normalized
by their own SEAP values. For example, a value of 0.40 indicates that the variant exhibits
40% of the hyaluronidase activity of wildtype PH20, a value of 1 indicates that the variant
exhibits a similar hyaluronidase activity of wildtype and a value of 3.00 indicates that the
variant exhibits 300% of the hyaluronidase activity of wildtype PH20 or 3-fold increased
activity compared to wildtype.

The results in Table 9 show that over 600 tested mutants exhibit activity that is
increased compared to wildtype. For example, about 536 mutants exhibit 120% or greater
than 120% of the hyaluronidase activity of wildtype PH20 and about 75 of the mutants exhibit
300% or greater than 300% of the hyaluronidase activity of wildtype PH20. In particular, the
results in Table 9 show that that hyaluronidase activity compared to wildtype of mutant S69A
is about 22-fold; mutant S69R is about 14-fold; mutant I70A is about 27-fold; mutant 170K is
about 14-fold; mutant I70R is about 14-fold; and mutant I1271L is about 10-fold.
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TABLE 9: ACTIVE MUTANTS
mutant | SEQ [ AvgNorm | mutant | SEQ [ AvgNorm | mutant | SEQ | AvgNorm
ID Act. ID Act. ID Act.
NO NO NO
LOO1A 74 0.95 Q140G 0.73 T293F | 561 1.94
L001C 0.89 QIl40H 0.84 T293G 1.00
LOO1E 75 0.55 Q1401 0.75 T293K | 562 1.35
LOO1F 041 QIl40K | 343 0.93 T293L 1.00
L001G 76 0.62 Q140L 0.51 T293M | 563 2.29
LOOIH 73 1.90 Q140M 0.80 T293P | 564 1.64
LOO1K 77 1.39 Q140R 0.85 T293Q | 565 1.83
LOOIN 0.87 Ql4ov 0.61 T293S 0.89
LOO1P 0.92 Q140w 0.59 T293V | 566 2.15
L001Q 78 327 Q140Y 041 T293Y | 567 1.49
LOOIR 79 0.72 N141A 1.12 V294M 0.41
LO01S 0.74 N141D 1.09 A298G | 568 0.43
L001T 0.99 NI141E 0.67 A2981 0.41
L0011V 1.00 N141F 0.81 G300R 0.42
LOO1W 0.88 N141G 1.15 I301A 0.88
NOO2A 0.61 N141H 344 2.03 1301V 0.88
N002C 0.4 NO0021I 0.37 V287N 0.35
G291C 0.27 G297A 0.57 V302W 0.46
N002G 0.44 N141L 0.61 V3021 0.45
NOO2L 0.46 N141M 0.48 1303V 0.47
NOO2P 0.54 N141Q 1.16 w304G 1.13
N002Q 0.84 NI41R | 345 1.40 W3041 1.17
NO002S 0.78 N141S 346 0.72 G305D 1.00
N002T 1.05 N141T 0.45 G305E | 569 1.62
Noo2V 0.65 N141V 0.50 T306D 0.76
FOO3E 042 N141W 347 0.83 T306E 0.52
FOO3H 0.68 N141Y | 348 1.55 T306S 1.02
FOO3L 0.59 V142C 0.61 L307K 0.43
FO03Y 0.50 V142D | 349 0.71 L307N 0.76
ROO4A 0.73 V142E 0.87 L307Q 0.61
R0O041 0.54 V142G 350 0.98 L307S 0.86
R0O04S 0.60 V142H 1.11 L307T 1.08
RO04T 0.66 V1421 0.81 L307V 0.48
R0O04V 1.09 V142K | 351 1.40 L307W 0.64
A005H 0.44 V142L 0.75 L307Y 0.60
POO6A 80 0.78 V142M 0.76 S308D 571 0.92
POO6H 0.58 V142N | 352 0.98 S308G | 572 1.73
PO0O6K 0.80 V142P 353 0.88 S308H 1.15
POO6L 0.76 V142Q | 354 1.04 S308K | 573 1.33
POO6N 0.40 VI142R | 355 1.53 S308N | 574 2.33
P006Q 0.89 V1428 356 0.93 S308P 0.65
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NO NO NO
POO6R 0.56 V142T | 357 1.19 S308R | 575 1.34
POO7M 0.57 QI143E 0.77 S308T 0.72
V0081 1.17 Q143G | 358 0.62 1309D 0.72
VOOSL 0.53 Q1431 0.44 I309E 576 1.99
V008M 81 047 QIl43K | 359 1.30 1309G 577 1.44
VO08P 0.33 1009Q 82 0.4 1303D 0.34
I009K 0.69 Q143L 0.56 I1309H 578 1.30
I009L 1.08 Q143N 0.73 I309K 0.98
I009R 0.53 Q143V 0.57 I309L 579 1.72
1009S 0.98 L144T 361 1.02 1309M | 580 1.47
1009V 0.84 L144W 0.79 I309N 581 3.11
PO10D 0.62 S145A 0.58 1309Q 582 1.64
PO10OE 0.66 S145C 0.44 I309R 583 2.27
PO10G 83 0.55 S145D 0.48 13098 584 1.16
PO10H 84 043 S145E 0.56 1309T 585 2.09
PO1ON 0.55 S145G 0.94 1309V 586 0.60
P0O10Q 0.89 S145H 0.56 1309W 0.88
PO10R 0.73 S145L 0.44 M310A | 587 1.50
PO10S 0.55 S145M 0.56 M310G | 588 2.73
PO1OW 0.59 S145N 0.58 M310Q | 589 0.59
NO11D 0.54 S145P 1.04 M310R 0.50
NO11G 0.45 S145R 0.97 M310S | 590 1.61
NO11H 0.69 L146A 0.52 M310V 0.70
NO11K 0.58 L146C 0.42 R311G 0.53
NO11S 85 0.39 G305N 0.36 L307G | 570 0.32
M310F 0.30 M310Y 0.38 R311G 0.54
VO12A 0.56 L146E 0.50 R311H 0.48
VO12E 86 1.86 L146G 0.62 R311K 0.72
V0121 87 0.68 L146H 0.78 R311Q 0.43
V012K 88 0.65 L1461 0.82 R311S 0.84
VOI12L 0.44 L146K 0.84 R311T 0.52
VO12N 0.46 L146N 0.57 S312G 0.49
VOI12R 0.50 L146P 362 0.93 S312N 1.26
V0128 0.75 L146Q 0.84 S312T 0.75
Vvo12T 89 1.50 L146R | 363 1.47 M313A | 591 1.34
PO13H 046 L146S 0.71 M313E 0.63
PO13S 0.68 L146T 0.74 M313G | 592 0.56
PO13T 0.90 L146V 0.84 M313H | 593 1.23
PO13Y 051 L146Y 0.80 M313K | 594 2.85
F014D 0.64 S312K 0.38 S312L 0.38
FO141 042 T147A 364 1.20 M313L 1.05
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NO NO NO
FO14M 0.47 T147C 0.47 M313P | 595 1.11
FOo14V 90 0.46 T147D 0.71 M3I1I3R | 596 2.30
LO15A 0.65 T147F 365 1.24 M313S 0.88
LO15M 92 0.45 T147G 1.05 M313T | 597 0.67
LO15V 91 2.20 T1471 0.85 M313V 0.99
A020S 93 0.50 T147L 366 1.30 M313Y | 598 1.12
S022H 0.57 T147M 0.79 K314A 0.82
S022M 0.49 T147P 1.09 K314D 0.53
S022T 94 0.48 T147Q 1.29 K314H 1.10
S022Y 0.45 TI147R | 367 2.11 K3141 0.54
E023D 0.97 T147S 368 1.27 K314N 0.57
F024A 0.69 T147V | 369 2.04 K314Q 0.62
F024E 95 3.99 T147TW 0.97 K314R 0.95
F024G 0.75 T147Y 1.04 K314S | 599 0.61
F024H 96 2.07 E148C 0.66 K314T 0.61
F0241 0.70 E148F 042 K314Y 600 0.45
F024K 0.96 E148G 1.05 S315A | 601 0.85
F024L 0.62 E148H | 370 1.24 S315E 0.41
F024M 0.85 E1481 0.73 S315G 0.72
F024N 0.60 E148K | 371 1.63 S315H | 602 2.04
F024R 97 1.22 E148L 0.85 S315K 0.62
F024T 1.18 E148Q 372 1.44 S315L 0.42
F024V 1.15 E148R 0.97 S315M 0.63
F024Y 0.90 E148S 1.15 S315R 1.04
L026A 98 1.30 E148T 0.82 S315T 0.97
LO26E 99 322 E148V 0.99 S315Y 603 0.50
L026G 0.81 E148W 0.43 C316D 0.41
L026H 0.97 E148Y 0.95 L317A | 604 1.27
L0261 051 A149C 1.15 L317D 0.61
L026K 100 1.88 A149G 0.52 L317H 1.05
LO026M 101 1.43 Al149K 051 L3171 605 1.76
LO26P 0.55 A149L 0.88 L317K | 606 5.11
L026Q 102 1.44 Al149M 0.88 L317M 1.20
L026R 103 1.43 A149Q 1.15 L317N | 607 0.73
L026S 0.78 A149R 1.02 L317Q | 608 1.67
LO26T 0.87 A149S 1.08 L317R 609 241
L026V 0.52 A149T | 373 1.24 L317S | 610 1.03
L026W 0.53 Al149V | 374 1.34 L317T | 611 0.93
L026Y 0.52 T150A | 375 1.21 L317W | 612 0.84
GO27A 0.79 T150C 0.70 L318D | 614 0.46
G027D 104 1.22 T150D 376 1.24 L318F 0.51
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NO NO NO
GO027E 1.18 T150E 1.05 L318G 0.49
GO27F 0.61 T150F 0.71 L318H | 615 0.45
GO027H 1.11 T150G | 377 2.19 L3181 0.70
G0271 041 T1501 0.52 L318K | 616 1.36
GO027K 105 271 T150L 0.70 L318M | 613 1.68
G027L 0.76 TI5S0N | 378 0.91 L318N 0.52
GO027P 0.46 T150P 0.88 L318Q 0.71
G027Q 1.12 T150R 0.90 L318R | 617 1.34
GO027R 106 1.88 T1508 379 0.92 L318S 0.71
G027S 0.94 T150W | 380 1.25 L318T 0.63
G027T 0.61 T150Y | 381 1.36 D320E 0.78
GO27W 0.76 E151A | 382 1.27 D320G 0.83
KO028A 0.78 E151C 1.00 D320H | 618 1.75
K028D 0.62 E151G 1.06 D3201 1.00
KO028E 0.54 EI51H | 383 1.34 D320K | 619 6.42
KO028F 0.75 EI5IK 384 2.05 D320M 0.79
K0281 0.55 EI51L 385 1.03 D320N 0.52
K028L 051 E151IM | 386 1.26 D320R | 620 3.19
K028M 0.67 E151IN 0.95 D320S 1.19
KO028N 0.58 E151Q 387 2.01 D320W 0.40
KO028P 040 D320L 0.37 D320V 0.35
K028R 107 0.71 E151R | 388 1.61 D320Y 0.86
K028S 0.46 E151S 389 1.28 N321A 1.01
K028T 0.68 E151T 390 1.21 N321D 1.25
K028V 0.76 E151V | 391 1.38 N321H 0.92
KO028W 051 E151W 392 1.31 N321K 1.29
F029A 0.90 E151Y | 393 1.31 N321R | 621 1.23
F029E 108 4.03 K152A 0.51 N321S | 622 1.26
F029G 1.05 K152C 0.52 N321T 0.64
F029H 0.82 KI152F 0.61 N321Y 0.40
F0291 109 1.53 K1521 0.65 M323F 0.64
F029K 110 1.34 K152M 0.75 M3231 0.55
F029L 111 2.36 K152R | 394 1.85 M323L 0.55
F029M 112 2.08 K152T | 395 1.20 E324A 0.59
F029P 113 3.79 K152V 0.82 E324D 1.15
FO29R 114 1.24 K152Y 0.67 E324H 0.79
F029S 115 221 A1531 0.93 E324M 0.50
F029T 116 0.85 A153L 0.51 E324N | 623 1.01
F029V 117 1.65 K154R 0.86 E324R | 624 2.28
FO29W 0.48 K154T 0.83 E3248S 0.62
DO030A 1.12 K154V 0.46 T325A | 625 1.87
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NO NO NO
DO30F 0.84 QI55A 0.91 T325D | 626 1.78
DO030G 118 2.02 Q155C 0.60 T325E | 627 4.03
DO030H 119 1.69 Q155D | 397 1.49 T325G | 628 421
D030K 120 2.63 QI55F 0.70 T325H | 629 3.45
DO030L 121 1.32 Q155G | 398 1.61 T325K | 630 437
D030M 122 1.85 QI155H 1.03 T325M | 631 2.11
DO030P 1.19 QI55K | 399 1.57 T325N | 632 4.64
D030Q 0.84 Q155L 0.86 T325Q | 633 5.08
D0O30R 123 1.82 Q155M 0.97 T325S | 634 3.19
D030S 124 1.62 Q155R | 400 1.27 T325V | 635 1.24
DO030T 0.57 Q1558 0.77 T325W 0.62
D030V 0.46 Q155T 0.76 326K 0.95
DO30W 0.62 QI55V 0.73 I326L 636 1.50
EO031A 125 2.05 QI55W 0.91 1326V 637 6.29
E031C 126 2.95 E156A 0.79 1326Y 0.77
EO31G 127 1.27 El156D 401 1.95 L327M 0.52
EO031H 128 2.74 E156G 0.49 N328A 0.67
E0311 129 3.89 E1561 0.51 N328C | 638 1.25
EO31K 130 3.13 E156L 0.43 N328G | 639 0.56
EO031L 131 2.62 E156M 0.87 N328H 0.88
EO31P 132 1.51 E156Q 0.84 N3281 642 1.85
EO31R 133 227 E156R 0.43 N328K [ 640 2.12
E031S 134 1.70 E156S 0.62 N328L | 641 2.01
EO031T 135 3.96 E156T 0.69 N328Q 1.13
E031V 136 4.57 El156V 0.45 N328R 0.68
EO31W 137 1.26 El56W 0.49 N328S 643 222
E031Y 1.13 F157TW 0.61 N328T 0.59
P032A 0.92 E158A 0.56 N328V 1.16
P032C 138 0.40 E158F 0.51 N328Y | 644 1.66
PO32F 139 2.71 E158H 0.54 1331V 0.94
1326C 0.39 13268 0.95 N328W 0.33
I331C 0.27 I331E 0.34 V334T 0.39
P032G 140 1.60 E158L 0.44 V334P 0.46
P032H 141 2.08 E158Q | 402 1.25 T335S | 645 0.47
P032K 1.04 E158S 403 0.95 A338Q 0.63
PO32L 0.82 K159A 0.64 K339M 0.61
P032M 0.67 K159D 0.52 S342A 0.68
PO32N 0.70 K159E 0.49 Q343T 0.49
P032Q 1.11 K159H 0.74 Q343V 0.51
PO32R 1.17 K159L 0.62 Q347A | 646 0.78
P032S 1.01 K159M 0.66 Q347E 0.78
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NO NO NO
P032T 0.77 KI159N 0.73 Q347G | 647 2.68
P0O32V 0.81 K159Q 0.92 Q347M 0.61
P0O32W 0.54 K159R 0.88 Q347R 0.55
P032Y 1.01 K1598 0.67 Q347S | 648 2.38
L033G 143 0.57 K159V 041 E348D 0.67
L033M 0.69 A160C 0.61 E348G 0.55
L033P 0.87 A160F 0.79 E348S 0.44
L033Q 0.45 A160G 0.75 Q349A 0.47
LO33R 0.61 Al160H 0.47 Q349E 0.83
L033S 0.48 A1601 043 Q349K 0.93
L033T 0.45 Al160K 0.91 Q349M | 649 0.70
LO33W 142 1.58 Al60L 0.67 Q349N 0.44
DO034A 0.38 MO035Q 0.37 MO35V | 146 0.37
DO034E 0.58 Al60M 0.77 Q349R | 650 0.73
D034H 041 A160N 0.56 Q349T 0.49
D034K 0.54 A160Q 0.65 V351A 1.14
D034Q 0.59 A160R 0.89 V351S | 651 0.92
D034R 1.17 A160S 404 1.35 I353T 0.42
DO034W 144 0.46 Al60V 0.73 1353V 652 1.61
MO35F 0.87 Al60Y 1.07 N356A 0.41
MO35H 0.60 Gl61A 0.99 N356D 0.79
MO35L 0.52 Gl61C 0.44 N356H | 653 0.82
MO035T 0.83 Gl161D 0.86 N356S | 654 0.46
MO035Y 0.78 G161E 0.49 W357A 0.80
S036A 0.45 G161R 0.48 W357C 0.67
S036D 0.32 S036N 148 0.38 LO37W 0.36
S036G 0.64 Gl161S 0.77 W357S 0.41
S036H 147 0.54 Glelv 0.42 W357T 0.62
S036K 0.83 K162A 0.50 N358C 0.66
S036L 0.71 K162D 0.77 N358G 0.41
S036R 1.09 K162E 405 051 N358T 0.58
Q347L 0.39 V351C 0.35 V3511 0.36
V351Q 0.34 W357K 0.36 N358L 0.38
S036T 051 K162G 0.56 S359D 0.45
LO37F 149 333 K162H 0.62 S359E | 655 1.05
L0371 0.62 K162L 0.54 S359H 656 0.44
LO37K 0.43 K162M 1.04 S359K 0.66
L037M 150 1.46 K162P 0.64 S359M 0.63
LO37P 0.63 K162Q 0.58 S359T | 657 2.11
LO37R 051 K162R 0.52 S359V 0.65
LO37V 0.57 K162S 0.47 S360T 0.50
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FO38Y 151 1.29 K162V 0.52 P367A | 658 0.55
S039A 152 1.06 K162W 1.01 P367C 0.83
S039L 153 0.80 K162Y 0.72 P367G | 659 0.47
SO039N 154 232 D163A | 406 1.52 P367K | 660 0.57
S039Q 1.10 D163E | 407 1.63 P367R 0.46
S039R 0.56 D163G 1.15 P367S 661 0.52
S039T 155 1.57 D163K | 408 1.90 D368A | 662 1.34
S039Y 0.56 D163L 1.18 D368E | 663 1.28
F040L 156 0.92 D163Q | 409 1.40 D368G 0.49
Fo40W 1.11 D163R | 410 1.80 D368H 0.96
1041A 0.67 D163S 411 1.34 D368K | 664 1.31
1041C 0.53 D163T 1.13 D368L | 665 0.64
1041D 0.78 D163V 0.76 D368M | 666 0.78
1041E 051 Fl64L 1.13 D368R | 667 1.31
1041G 0.76 F164M | 412 1.66 D368S 0.93
1041H 0.77 Fl64V 413 1.23 D368T 668 0.80
[1041N 0.40 S043N 0.34 D361H 0.37
1041T 157 1.47 Fl64W 0.72 D368V 0.41
1041V 0.73 L165A 0.48 N369H | 669 1.33
1041W 0.66 L165D | 414 5.79 N369R | 670 0.55
GO042A 0.64 L165F 415 1.23 N369S 0.54
S043T 0.43 L165N | 416 2.19 A371E 1.05
PO44E 0.59 L165R 0.59 A371F | 671 0.52
R0451 0.45 L165S 417 1.31 A371H | 672 1.20
RO45K 0.53 L165V | 418 1.22 A3711 0.50
1046A 1.04 L165W 1.14 A371K 673 1.76
1046C 0.37 A371G 0.38 L374W 0.34
1046E 0.43 L165Y 0.66 A371L | 674 0.57
1046F 0.73 V166A | 419 2.85 A371IM 0.57
1046H 0.82 V166C 1.16 A371R | 675 1.51
1046L 158 1.08 V166E 420 1.28 A371S 676 1.45
1046M 1.00 V166F 421 1.67 A371V 0.94
1046N 0.66 V166G 1.11 Q373A 0.65
1046R 159 2.29 V166H | 422 1.74 Q373E 0.81
1046S 0.64 V1e6L | 423 438 Q373F 0.62
1046T 0.55 V166Q 424 3.61 Q373K 0.73
1046V 1.01 V166R | 425 5.56 Q373L 0.84
1046Y 0.76 V166T | 426 4.26 Q373M | 677 1.43
NO47A 0.48 V166W | 427 1.26 Q373R 0.68
N047D 160 0.82 V166Y | 428 2.08 Q3738 0.87
NO47F 161 1.32 E167A 0.84 Q373V 1.05
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NO NO NO
N047G 0.82 E167D | 429 0.69 L374A 0.60
NO047H 1.16 E167G 0.60 L374H | 678 1.42
NO047K 0.67 E167H 0.89 L3741 0.80
N047M 0.77 E167K 0.91 L374M 1.11
N047Q 0.69 E167M 0.87 L374N 0.43
NO47R 0.84 E167N 0.83 L374P | 679 0.43
NO047S 0.85 E167P 0.58 L374R 0.83
NO47T 162 1.49 E167R 1.02 L3748 0.58
N047W 163 0.63 E167S 1.17 L374T 0.47
N047Y 045 E167T 0.59 L374V 0.56
AO048F 164 251 E167Y 0.55 L374Y 0.66
A048G 0.83 T168H 0.46 E375A | 680 0.42
A048H 165 1.99 I169L 430 2.08 E375G | 681 0.90
A0481 0.64 I169R 0.54 E375K | 682 1.49
A048K 166 1.28 1169V 0.74 E375L 0.46
A048M 0.76 KI170N 0.72 E375M 0.54
AO048N 167 425 K170R | 431 2.58 E375N 0.81
A048Q 1.05 K170V 0.58 E375R | 6383 0.43
A048R 0.66 L1711 0.73 E375S 0.77
A048S 1.06 L171V 0.64 E375T 1.17
A048V 0.60 G172A 432 1.20 K376A 0.95
A048Y 0.81 G172C 1.03 K376D | 684 0.78
T0491 0.42 K173N 0.44 K376E | 685 0.88
T049K 0.85 K173R | 433 0.82 K376M 0.46
T049R 168 141 L174A 1.20 K376Q | 686 0.69
TO049S 0.92 L174G 434 0.40 K376R 687 0.67
T049V 0.45 L174K | 435 2.39 K376S 0.80
GO50A 0.93 L174M 0.79 K376T | 688 0.53
G050C 041 L174N | 436 1.36 K376V | 689 0.58
GO050D 169 1.37 L174Q 0.99 K376Y | 690 0.42
GO50E 0.78 L174R 437 1.50 G377D 691 1.35
GO50H 0.74 L174S 0.85 G377E | 692 0.59
GO50L 0.43 L174T 438 1.12 G377H | 693 1.49
GO050M 171 047 L174V 0.62 G377K | 694 1.50
G050Q 0.86 L174W 0.78 G377P | 695 2.30
GO50R 0.86 L174Y 1.06 G377R 696 1.28
G050S 170 1.24 L175E 0.43 G377S | 697 1.80
GO50V 0.3 QO051A 0.34 QO051R 0.36
GO050Y 0.58 L175H 0.57 G377T | 698 3.83
QO5IN 0.60 L175T 439 143 G378K 1.22
QO051S 0.46 L175V 0.94 G378N 0.64
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GO52N 172 0.89 L175Y 0.66 G378R 1.03
GO052P 0.43 R176K 0.67 K379G 0.52
G052Q 173 3.71 N178G 0.85 K37%9H 0.57
GO52R 174 0.53 N178K | 440 0.85 K379R 0.74
G052S 175 1.32 N178M 0.88 K379S 0.46
E3751 0.36 K376L 0.37 K379T 04
F380V 0.39 F380T 0.39 MO035Q | 145 0.37
GO052T 176 0.49 NI178R | 441 1.10 F3801 0.56
TO054A 0.43 H179A 1.06 F380L 0.67
TO54F 0.56 H179C 0.94 F380P 0.47
TO54N 0.48 H179E 0.62 F380W | 699 2.15
T054Q 091 H179G 0.86 F380Y | 700 1.50
T054S 0.70 H1791 0.90 T381H 0.48
T054V 0.66 H179K | 442 1.39 T381K 1.06
V058C 177 0.55 H179L 0.73 T381N 0.51
V058G 0.54 H179M 0.63 T381Q 0.84
VO058H 183 1.09 H179N 0.96 T381R 0.87
V0581 0.57 H179P 0.44 T381S | 701 0.87
V058K 178 4.08 H179R 0.96 T381V 0.89
VO58L 179 1.54 H179S 0.51 R383A 0.51
VO58N 184 0.49 H179T 043 R383E 0.51
V058P 180 0.90 H179V 0.42 R383H 0.71
V058Q 181 454 L180F 0.59 R3831 702 0.71
VO058R 182 1.92 L180G 0.62 R383K | 703 1.30
V0588 0.83 L180K 0.44 R383L | 704 1.31
VO58W 0.65 L180M 0.64 R383M 0.61
VO058Y 185 1.07 WI181M 0.88 R383N 0.77
D059Q 0.40 LO61F 0.3 T381E 0.35
DO59N 186 1.27 W181Q 0.88 R383S | 705 0.87
RO60K 0.69 G182L 0.90 R383T 0.98
L0611 042 Y183L 0.70 R383V 1.05
LO61M 0.73 F186Y 0.59 K385A | 706 1.12
L061V 0.59 H192S 0.49 K385G 0.62
YO063A 0.63 H192T 0.50 K385H 0.50
YO063H 1.07 H193G 0.68 K385N 0.41
Y0631 1.03 H193Q 443 0.82 K385Q 707 0.73
Y063K 187 1.36 H193S 0.42 K385R 0.94
YO063L 188 1.33 H193Y 0.58 K385S 1.05
Y063M 189 1.32 K195A 0.51 K385T 0.46
Y 063N 0.96 K195G 0.45 K385V | 708 0.43
YO063R 190 1.40 K195H 0.45 T387S 0.93
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YO063S 1.00 K1951 0.50 L388F 0.92
Y063T 1.07 K195L 0.45 L388H 0.47
Y063V 0.43 K195N | 445 0.74 L3831 0.98
YO063W 191 1.53 K195Q 0.71 L388M 0.79
PO65R 0.57 K195R 0.85 L388R 0.60
Y 066H 0.47 K195S 0.42 L388T 0.51
Y066R 051 K195T | 444 0.58 L3838V 0.78
1067F 1.00 K195W 0.49 L3838W 0.77
1067L 0.45 K196E | 446 043 L388Y 1.18
1067R 0.24 D068G 0.37 E392W 0.31
1067V 192 1.80 K196G 0.41 E389A | 709 1.14
1067Y 0.55 K196L 0.65 E389G | 710 0.91
DO6SE 0.72 K196R | 447 0.58 E389H 1.17
D068H 193 2.06 K196S 0.68 E389K | 712 1.91
D068K 1.08 K196T 1.18 E389L | 711 0.65
DO068L 043 K196W 0.55 E389M 0.60
DO068P 194 0.50 P197A 0.81 E389P 0.75
D068Q 195 1.67 P197D 0.58 E389Q | 713 0.69
DO068R 0.70 P197E 0.52 E389R 0.94
D068S 0.81 P197F 0.48 E389S | 714 1.08
D068T 0.75 P197G 0.75 E389T 0.70
S069A 196 22.06 P197H 0.62 E389Y 0.77
S069C 197 1.97 P197K 0.99 L391C 0.90
S069E 198 1.48 P197L 0.56 E392A | 715 0.58
SO069F 199 8.75 P197M 1.03 E392F | 716 0.54
S069G 200 6.06 P197Q 0.69 E392G 1.00
S0691 201 3.12 P197R 0.58 E392K 0.66
S069L 202 3.44 P197S 0.70 E392L 0.80
S069M 203 2.67 P197T 041 E392M | 717 1.54
S069P 204 8.14 G198A 0.80 E392Q | 718 1.01
S069R 205 14.06 G198D 448 1.99 E392R 719 0.66
S069T 206 0.58 G198E 0.49 E3928S 0.52
S069W | 207 2.18 G198H 0.84 E392T 0.72
S069Y 208 271 G198L 0.48 E392V | 720 1.27
1070A 209 27.00 G198N 0.80 E392Y 0.92
1070C 210 2.57 G198Q 0.55 Q393A 1.26
1070F 211 5.69 G198R 0.58 Q393D 0.45
1070G 212 6.22 G198S 0.76 Q393F | 721 1.23
1070H 213 9.09 G198T 041 Q393H 1.05
1070K 214 14.64 G198Y 0.81 Q393K 0.80
1070L 215 3.05 N200D 0.46 Q393L 0.91
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NO NO NO
1070N 216 6.19 S202M 0.40 Q393M | 722 0.80
1070P 217 3.03 F204P 449 0.63 Q393N 0.72
1070R 218 13.95 N205A | 450 1.30 Q393R 0.74
10708 219 3.63 N205D 0.85 Q3938 1.15
1070T 220 543 N205E | 451 1.94 Q393T 0.41
1070V 221 6.34 N205F 0.52 F394L 0.56
1070Y 222 1.26 N205G 0.79 F394W 0.41
TO71A 0.86 N205K 0.76 S395A | 723 1.10
TO71D 0.50 N205M 0.58 S395G 0.77
TO71G 223 141 N205P 0.75 S395H | 724 0.56
TO71H 0.93 N205R 0.54 S395K 0.96
TO71L 1.09 N205S 0.80 S395R | 725 1.98
TO71M 0.89 N205T | 453 0.85 E396A | 726 0.52
TO71N 224 1.21 N205V 0.49 E396D 0.64
TO71Q 0.68 N205W 041 E396H | 727 0.47
TO71R 225 2.17 V206H 0.50 E396Q 728 0.73
TO71S 226 1.54 V2061 454 0.94 E396R 0.61
GO072A 0.45 V206K | 455 1.75 E396S | 729 0.61
GO072D 0.60 V206L | 456 1.57 E396T 0.89
S395W 0.4 S395T 0.39 E396L 0.39
GO72E 0.69 V206M 043 Y399A 1.01
GO072H 0.46 V206R | 457 1.30 Y399C 0.46
GO72K | 227 1.39 V206S 0.72 Y399E 1.49
GO072L 0.43 GO072Y 0.35 S407L 0.4
GO72M | 228 3.11 V206T 0.59 Y399K | 730 1.94
G072Q 229 2.33 1208A 0.62 Y399M | 731 2.70
GO72R 0.65 1208C 0.48 Y399N 0.52
G072S 051 1208K 0.91 Y399Q 1.18
VO073A 230 1.38 1208L 0.84 Y399R 1.20
V073C 0.84 1208M 0.88 Y3998 1.01
V073D 0.94 1208Q 0.77 Y399T 732 2.40
V073G 1.17 I1208R 1.14 Y399V | 733 1.44
VO073H | 231 1.54 1208S 0.62 Y399W [ 734 1.92
V073K 232 1.42 1208T 1.01 S401A | 735 0.82
VO073L 233 1.59 1208V 1.07 S401E | 736 0.46
V073M 0.68 K209A 0.53 S401N 0.42
V073Q 234 0.96 K209E 0.46 Y403F 0.62
VO73R | 235 0.72 K209G 0.44 S404A | 737 0.63
V0738 0.86 K209N 0.50 S404P 0.64
K297R 0.34 F398L 0.35 S401G 0.38
S401Q 0.39 S404T 0.37 T405F 0.36
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VO073T 236 1.34 K209R | 458 0.68 T405A 0.56
VO73W | 237 1.91 K209S 0.50 T405G | 738 2.32
TO74A 238 2.28 K209T 0.50 T405K 0.74
T074C 239 2.18 D212N | 459 1.52 T405M 0.48
TO74E 240 1.38 D212S 460 0.93 T405P 0.64
TO74F 241 1.43 D212T 0.76 T405Q 0.75
T074G 242 2.75 D213A | 461 0.85 T405R 0.60
TO74H 243 1.40 D213E 0.79 T405S 0.94
T074K 244 1.29 D213G 0.81 T405W 0.73
TO074L 245 143 D213H 0.75 T405Y 0.44
TO74M | 246 0.52 D213K 0.82 L406A 0.70
TO74N 247 2.12 D213L 0.56 L406C 0.98
TO74P 248 2.45 D213M | 462 1.56 L406E 0.73
TO74R 249 222 D213N | 463 1.53 L406F | 739 1.42
T074S 250 1.80 D213Q 1.04 L406G 1.00
T074V 251 227 D213R 092 L4061 0.61
TO74W | 252 2.13 D213V 0.47 L406N | 740 0.76
VO75A 0.71 D213W 0.49 L406Q 0.93
Vo075C 0.46 D213Y 0.49 L406S 0.47
VO75F 253 2.00 L214Q 0.57 L406T 0.83
VO75H 0.62 S215A 0.74 L406V 0.87
VO75L 254 522 S215D 0.62 L406Y 0.74
VO75M | 255 1.16 S215E 0.74 S407A | 741 1.16
V075N 0.81 S215G 0.88 S407D | 742 1.52
V075Q 1.51 S215H | 464 0.91 S407E | 743 1.38
VO75R 256 3.02 S215K 0.99 S407F 744 1.42
V0758 0.76 S215L 0.60 S407G 0.75
VO75T 257 434 S215M | 465 1.77 S407H | 745 1.34
V075Y 0.63 S215Q 0.79 S407M 0.74
GO077H 0.32 GO077K 0.32 K411H 0.33
1079L 258 1.44 S215R 0.71 S407N 0.72
1079T 0.79 S215T 0.80 S407P 747 0.94
1079V 1.01 S215V 0.69 S407Q | 746 1.71
QO081P 0.60 S215W 0.52 S407R 1.04
KO082A 0.94 W216Y 0.48 S407V 0.56
KO082E 0.50 L217M 051 S407TW 041
KO082G 0.64 W218F 0.57 K409A | 748 2.18
K082H 0.44 N219A | 466 1.29 K409D 0.65
KO0821 1.01 N219C 043 K409E 0.62
K082L 259 0.87 N219D 0.75 K409G 0.50
K082M 0.58 N219E 0.95 K409H 0.64
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NO NO NO
KO082N 260 0.96 N219H 0.97 K4091 0.51
K082Q 0.76 N2191 467 0.60 K409P 0.48
K082R 0.85 N219K | 468 1.45 K409Q | 749 3.33
K082S 0.62 N219L 0.72 K409R 0.84
K082T 0.56 N219M 1.02 K409S 0.72
K082Y 0.32 1083H 0.4 1083K 0.30
K082V 0.57 N219R 1.10 K409T 0.63
1083F 0.57 N219S 469 2.48 K409V 0.48
1083G 264 1.05 N219T 0.82 A412Y 0.66
1083L 0.93 N219W 0.48 E410D 0.47
I083N 0.82 E220A 0.75 E410K 0.70
1083Q 262 1.07 E220H | 470 1.40 E410M 0.42
I083R 0.45 E2201 471 1.34 E410N 0.67
1083S 263 0.79 E220L 472 1.45 E410P 0.73
1083T 0.95 E220S 0.62 E410Q 0.85
1083V 261 0.99 E220T 0.91 E410R 0.61
S084D 0.98 E220V | 473 1.35 E410S 0.81
S084E 265 0.52 S221A 0.72 E410T | 750 1.54
S084F 266 0.72 S221C 0.59 E410V 0.65
S084G 267 8.68 S221M 0.46 E410Y 0.62
S084H 0.96 S221Q 474 1.37 K411A 0.48
S0841 0.90 S221T 0.94 K411IN 1.02
S084L 0.92 S221V 1.04 K411P 0.42
S084M 0.77 T222D 0.43 K411R 0.97
S084N 268 0.89 T222F 043 K411S 1.21
S084P 0.57 T222G 475 0.49 K411T 0.63
S084Q 0.86 T222K 0.75 K411V 0.99
S084R 269 1.89 T222L 0.64 A412D 0.74
S084T 0.82 T222N 0.80 A412G 0.80
S084W 0.86 T222R 0.75 A4121 0.81
S084Y 0.30 E220D 0.39 E220M 0.36
S2211 0.35 T2221 0.4 P226W 0.51
L0385V 0.42 T2228 0.63 A412L 0.65
QO086A 270 2.70 T222V 0.79 A412N 0.86
Q086D 0.88 L2241 0.61 A412P 0.77
QO86E 1.18 L2301 0.87 A412R 752 0.66
QO86F 0.54 N231T 1.10 A412S 0.86
Q086G 1.02 T232F 476 0.73 A412V | 753 0.53
QO086H 271 1.70 T2328 0.76 A412W 0.54
Qo861 0.65 Q233A 0.71 D413E 0.52
Q086K 272 0.97 Q233F 0.53 D413K 0.42
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QO086L 0.92 Q233G | 477 0.46 D413N 0.94
Q086M 1.06 Q233K | 478 1.69 D413R 0.50
Q086N 273 1.28 Q233L 0.69 D413T 0.41
Q086P 042 Q233R | 479 1.50 V4141 1.12
QO86R 0.93 Q233Y 0.50 V414M 0.53
Q086S 274 0.85 Q234M | 480 1.65 K415G 0.40
Q086T 275 0.58 S235A | 481 0.47 K415S 0.42
Q086V 0.97 S235E 1.00 K415W 0.42
QO86W | 276 1.21 S235G 0.95 D416F 0.41
DO087A 1.00 S235H 0.44 D416G 0.67
D087C 277 1.77 S235K 0.53 D416H 0.57
DOS7E 0.86 S235T 0.66 D416l 0.63
DO087G | 278 1.00 P236A 1.07 D416K 0.76
DO087H 0.72 P236G 1.09 D416L | 754 0.75
D0871 0.53 P236H 0.46 D416N 0.73
DO87L 279 0.55 P236K 0.71 D416Q 0.83
DO87M | 280 0.58 P236R | 482 3.09 D416R 0.46
DO087P 0.31 Q234L 0.40 V237C | 483 0.35
DO087Q 1.05 P236S 0.91 D416T 0.85
DO87R | 281 1.28 V237A 0.90 D416V 0.59
DO087S 282 0.99 V237E 484 1.93 D416Y 0.40
DO87T 283 1.70 V237F 0.41 T4171 1.22
A412H 0.39 A412Q | 751 0.35 D413A 0.38
D413H 0.31 A413Q 0.38 D413S 0.39
V414K 0.3 V414L 0.36 K415Y 0.39
K415V 0.39 D418G 045
D087V 284 0.66 V237H | 485 0.75 D418A 0.92
DO87Y 285 2.72 V237L 1.12 D418E | 755 1.31
L089C 286 1.46 V237N 0.67 D418F 0.81
LO89R 0.34 LO8OW 0.26 LO89P 0.38
LO89K 045 V237Q 486 1.46 D418G 0.45
L089M 0.63 V237R 0.71 D418I 0.99
DO090A 287 1.48 V237S 1.03 D418L | 756 1.28
DO90E 288 1.15 V237T | 487 1.01 D418M 1.09
D090G 041 V237TW 0.52 D418N 0.91
DO090H 289 1.24 A238D 0.75 D418P 757 2.11
D0901I 1.10 A238E | 488 0.59 D418Q 1.05
DO90K | 290 1.36 A238H | 489 0.60 D418R | 758 1.18
DO90L 1.15 A238K 0.60 D418S 0.78
DO090N 291 1.18 A238Q 1.02 D418V | 759 1.43
D090Q 1.11 A238R 0.49 D418Y 0.97
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DO90R | 292 1.49 A238S 490 2.62 A419E 0.45
D090S 1.15 A238T 0.44 A419F | 760 2.17
D090T 1.02 T240K 1.13 A419G 0.42
D090W 0.81 T240A | 491 0.48 A419H | 761 1.21
KO091A 0.89 T240M 0.48 A4191 762 1.64
K091Q 043 T240P 0.56 A419K | 763 1.88
K091R 0.67 T240Q | 492 0.75 A419L 0.56
A092C 293 1.97 T240R 0.91 A419N 0.53
A092H 0.22 A239N 0.32 V4211 0.39
A092L 294 1.29 T240S 0.74 A419R | 764 1.81
A092M 0.86 T240V 0.77 A419S | 765 2.65
A092T 0.70 Y242F 1.08 A419W 0.69
A092V 1.09 N245H 0.50 A419Y | 766 1.44
K093D 0.71 V2471 493 2.01 V4201 1.04
KO093E 0.83 V247L 0.83 V420P 0.48
KO093F 0.50 V247TM 052 D421A 767 1.28
K093G 0.97 R248A | 494 0.43 D421E 0.81
KO093H 0.61 R248W 0.52 D421G 0.62
K0931 295 3.25 R248Y 0.67 D421H | 768 1.98
R248H 0.4 1251Y 0.37 K255G 0.39
KO093L 296 1.53 1251L 0.58 D421K 769 2.42
K093M 0.70 1251M 0.43 D421L 0.73
KO093N 0.71 V2531 0.76 D421M 0.94
K093Q 297 0.84 K255A 0.40 D421IN | 770 1.89
K093R | 298 1.52 K255N 0.52 D421Q | 771 1.54
K093S 299 1.25 K255Q 0.91 D421R 772 221
K093T 300 3.93 K255R 0.71 D421S | 773 2.12
K093V 0.24 KO093P 0.38 K094C 0.33
K094A 0.64 K2558 043 D421T 0.80
K094D 301 0.93 1256A 0.42 D421Y 0.66
KO094E 0.79 1256H 051 V4221 0.42
KO094F 0.59 1256L 0.64 v422T 0.49
K094H 0.72 1256V 0.51 A425G | 774 1.20
K094L 0.52 P257A 0.82 A4251 0.44
K094M 0.66 P257G | 496 0.51 A425K | 775 1.75
KO094N 0.99 P2571 1.07 A425M 0.70
K094Q 302 1.22 P257K 0.92 A425N 0.46
K094R 303 3.94 P257L 0.69 A425R 0.49
K094S 0.94 P257M 0.90 A4258S 0.47
K094T 1.14 P257N 0.69 D426E 0.62
1096D 0.69 P257Q 0.61 D426G 0.85
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1096L 0.46 P257R | 498 1.38 D426N 0.61
1096V 0.68 P257T 497 2.04 D426P 1.03
TO97A 304 1.25 P257V 0.88 D426Q 0.42
T097C 305 0.53 D258H 0.84 D426Y 0.43
T097D 306 131 D258N | 499 1.44 G427K 0.52
TO97E 307 1.19 D258R 0.45 G427S 0.42
TO97F 0.75 D258S 500 1.44 V428L | 778 1.25
P257C 0.36 D258G 0.39 A425Y 0.39
D426K 0.26 D426S 0.36 G427T | 777 0.35
G427H 0.35 G4271 0.54 G427Q | 776 0.39
T097G 308 4.84 A259E 0.85 V428M 0.42
TO0971 0.85 A259G 0.68 V428P 0.82
TO97L 309 1.22 A2591 0.46 V428T 0.62
TO97N 1.10 A259K 0.76 D431A | 779 2.42
TO97P 0.62 A259L 0.53 D431E | 781 1.27
T097Q 1.17 A259N 049 D431G 780 0.55
TO97R 0.95 A259P 501 1.54 D431H | 782 3.13
T097S 310 1.21 A259Q 0.70 D4311 1.05
TO9TW 0.53 A259R 0.72 D431K | 783 1.83
TO97Y 0.74 A259S 0.63 D431L | 784 0.62
FO98A 0.60 A259T 0.51 D431N 785 1.30
F098C 0.58 A259V 0.41 D431Q | 786 2.16
F098D 0.47 A259W 0.55 D431R | 787 2.20
FO98E 0.44 A259Y 0.51 D431S | 788 1.91
FO98H 1.06 K260A 0.66 D431V | 789 1.52
F098I 052 K260D 041 D431W 0.56
FO98L 0.58 K260E 0.58 D431Y 0.85
FO98M 0.87 K260H 0.87 A432E 0.60
F098Q 0.65 K260L 0.60 A432G 0.52
P436C 0.39 E249V | 495 A432H 0.34
FO98R 0.72 K260M 502 0.85 A432N 0.51
F098S 0.56 K260Q 0.58 A432S 0.61
F098V 0.46 K260R 0.83 A432V 0.56
FO98W 0.81 K260S 0.66 F433A | 790 0.97
YO099A 0.33 K260G 0.37 R270T 0.40
YO99R 0.53 K260Y 503 1.73 F433C 0.69
Y0998 0.43 S261A 504 0.74 F433D 0.95
VI102A 0.83 S261F 0.73 F433E 0.82
v102C 0.69 S261K | 505 2.54 F433G 0.54
V102E 0.90 S261M 0.56 F433H | 791 0.83
V102G 0.67 S261IN 506 1.98 F4331 792 1.06
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V102H 0.88 S261Q 0.76 F433K | 793 1.36
V102K 1.03 S261R 1.19 F433L | 794 1.87
V102L 0.71 S261T 0.66 F433P 0.95
V102M 0.77 S261V 0.48 F433R | 795 1.63
V102N 1.02 S261W 0.44 F433S 0.86
V102Q 1.03 L263A 0.76 F433T | 796 1.86
V102R 0.94 L263K | 507 2.73 F433Vv | 797 1.63
V1028 311 1.41 L263M 0.89 F433W | 798 1.28
V102T 312 1.26 L263R | 508 1.63 LA434F 0.41
V102w 0.76 L263T 0.49 L434G 0.47
D103N 0.39 N1041 0.35 L263H 0.36
N104A 0.69 L263V 0.75 L4341 0.89
N104C 041 P264A 0.43 L434M 0.60
N104G 0.48 P264H 0.60 L434V 0.46
N104K 0.88 V2651 0.58 K435A 1.08
N104M 0.61 F266Y 0.58 K435C 0.53
N104R 313 1.25 A26T™ 0.45 K435E 0.78
N104S 1.03 A267T | 509 1.34 K435G 0.64
N104T 0.71 T269A | 510 1.63 K435H 1.05
L105A 0.54 T269C 0.75 K435R 1.01
L105G 051 T269D 0.76 K435S 1.03
L1051 0.94 T269S 1.01 K435T 0.73
L105P 0.84 R270M 0.46 K435V 0.44
L105Q 0.90 R270N 0.52 K435Y 0.50
L105R 0.65 R270S 0.69 P436D 1.19
L105S 061 1271F 0.72 P436E 0.74
L105T 051 271G 1.29 P436G 1.19
L105W 0.34 L105C 0.33 L105H 0.36
L105V 0.99 1271L 511 10.62 P436H 0.72
G106V 0.43 V272E 0.39 V272M 0.31
MI107F 091 271M 512 3.24 P4361 0.84
M1071 0.67 12718 0.42 P436K | 799 2.05
MI107L | 314 1.32 1271V 1.05 P436L 0.63
A108G 047 V272D | 513 1.36 P436M 0.61
I11ov 051 V272R 0.74 P436Q 0.86
E114A 315 1.44 V2728 0.96 P436R 1.00
E114G 0.73 V272T | 514 1.61 P436S 0.92
E114H 0.75 F273H | 515 1.41 P436T 0.59
El114M 0.44 F273T 0.48 P436W 0.43
E114S 0.69 F273Y 516 0.90 P436Y 0.49
P117D 0.56 T274A 0.51 P437A 0.56
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T118H 0.47 T274F 517 1.28 P437D 0.62
T118K 0.53 T274S 0.62 P437G 0.50
T118L 1.09 Q276C 0.88 P437H 1.11
T118M 0.53 Q276D | 518 1.69 P4371 800 2.46
TI118N 0.67 Q276E 1.05 P437K 0.83
T118Q 316 3.37 Q276H | 519 1.20 P437L 0.51
T118V 0.79 Q2761 0.51 P437M | 801 2.55
W119F 0.53 Q276L 0.48 P437Q 0.96
W119P 0.36 W119Q 0.72 D275L 0.24
WI119Y 1.08 Q276M | 520 1.14 P437R 0.85
A120D 0.76 Q276R | 521 1.30 P437S 0.57
A120F 318 2.62 Q276S 522 1.63 P437Y 0.42
A120G 1.03 Q276Y | 523 1.94 M438A | 802 0.75
A120H 317 1.11 V277A | 524 0.65 M438C 0.63
A1201 319 1.33 Vv277C 041 M438D | 803 0.87
Al120L 1.25 V277D 0.79 M438E | 804 0.72
AI120N 0.81 V277E | 525 1.02 M438G 0.83
A120P 0.42 V277G 1.18 M438L | 805 0.86
A120R 0.82 V277H | 526 1.09 M438N | 806 1.08
A1208 320 121 V277K | 527 1.51 M438P 0.81
A120T 0.62 V27TM 528 0.94 M438Q 0.85
Al120V 321 1.53 V277N | 529 1.15 M438R 0.99
A120W 0.59 V277Q | 530 0.82 M438S 0.83
A120Y 322 1.95 V277R | 531 1.63 M438T | 807 3.99
N122M 0.56 V277S 532 0.83 M438V 0.85
K124L 0.34 K124H 0.35 PI125A 0.36
K124R 0.62 V277T | 533 1.94 M438W 0.57
P125H 0.43 V277Y 0.66 E439A | 808 1.20
P125R 0.63 L278A 1.13 E439C | 809 0.58
P125S 0.54 L278E 534 1.03 E439F 1.00
DI127A 0.89 L278F 535 1.26 E439G 1.22
D127E 323 1.31 L278G | 336 1.33 E439H 0.74
D127G 0.97 L278H | 537 4.50 E439K | 810 1.20
D127H 324 2.33 L2781 0.93 E439L 0.88
DI127L 0.84 L278K | 538 1.75 E439P | 811 1.16
DI27M 0.4 D275V 04 Q276G 0.36
D127N 325 1.69 L278N | 539 1.74 E439Q | 812 1.32
D127Q 326 1.21 L278R | 540 5.87 E439S 1.02
DI127R 327 051 L278S 541 1.67 E439T | 813 1.15
D127S 0.77 L278T 542 1.66 E439V | 814 1.57
D127T 1.11 L278V 0.44 E439W 0.62
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TABLE 9: ACTIVE MUTANTS
mutant | SEQ [ AvgNorm | mutant | SEQ [ AvgNorm | mutant | SEQ | AvgNorm
ID Act. ID Act. ID Act.
NO NO NO
D127V 0.56 L278Y | 543 1.51 T440A 1.22
DI127W 0.44 K279H | 544 0.44 T440D | 815 1.03
VI28A 0.53 K279Q 0.84 T440E 1.00
V128C 0.68 K279R 1.10 T440F 0.85
V128G 0.49 K279T 0.86 T440G 0.86
V1281 328 1.25 F280G 0.47 T440H | 816 3.00
VI28K 1.16 F280Q 0.43 T4401 1.04
V128L 0.95 S282D 0.41 T440L 0.97
V128Q 0.55 S282G 0.54 T440M | 817 1.08
V128R 0.74 S282M | 545 2.64 T440P | 818 0.88
V128S 0.53 S282Q 0.41 T440R | 819 1.77
VI28W 0.50 Q283E 0.63 T440S | 820 1.17
K130I 0.50 Q283P 1.18 T440V 1.02
KI130R 329 1.42 Q283R 0.59 T440Y 1.11
N131C 0.60 Q2838 546 1.73 E441A | 821 1.47
NI131E 0.44 Q283T 0.65 E441D 0.67
NI31F 0.63 D284A 0.58 E441F | 822 391
N131G 330 2.47 D284E 1.21 E441G 0.87
NI131H 0.80 D284G 0.60 E441H 0.65
N1311 331 1.40 D284H 0.51 E441K 0.80
NI131L 0.82 D284L 0.50 E441L 0.82
NI131M | 332 0.99 D284M 0.56 E441N 0.82
N131Q 333 1.24 D284N 0.40 E441Q 0.81
N131R 334 2.81 D284Q 0.95 E441S 0.79
N131S 0.76 D284S 0.99 E441T 0.66
NI131T 1.02 E285F 047 E441V 0.54
NI131V 335 2.08 E285G 0.52 E441Y 0.51
NI131Y 0.85 E285H | 547 1.30 E442C | 823 1.38
R132A 0.68 E285M 043 E442G | 824 0.51
R132C 0.58 E285N 0.40 E442H 0.76
R132E 0.70 E285Q 0.59 E442K 0.73
R132F 0.60 E285Y 0.99 E442P 0.91
R132H 0.66 L286S 0.46 E442Q 0.74
K279A 0.27 D284T 0.39 D284Y 0.37
E285A 0.34 L286R 0.53 L286W 0.38
R1321 0.56 V2871 051 E442R 825 3.94
R132K 1.05 V287T | 548 0.50 E442T 0.61
R132L 337 0.76 Y288L 0.79 E442V 0.65
R132N 336 1.28 Y288W 0.49 E442Y 0.60
R132Q 0.69 T289K 0.75 P443A | 826 1.63
R132S 0.79 T289S 549 0.48 P443E | 827 1.07
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TABLE 9: ACTIVE MUTANTS
mutant | SEQ [ AvgNorm | mutant | SEQ [ AvgNorm | mutant | SEQ | AvgNorm
ID Act. ID Act. ID Act.
NO NO NO
R132T 0.61 F2901 0.41 P443F 828 0.70
R132V 0.73 F290M 1.03 P443G | 829 1.12
R132Y 0.78 G291Q 0.80 P443H 1.08
S1331 0.54 G291R 0.45 P443L 1.19
1134L 1.04 G291S 550 041 P443M | 830 1.99
1134T 0.60 G291V | 551 1.63 P443N | 831 1.25
1134V 1.08 E292A 0.66 P443Q 0.96
E135A 0.99 E292C 552 0.71 P443R 1.04
E135C 0.77 E292F 553 0.90 P443S 0.99
E135D 338 2.68 E292G 041 P443T 0.87
E135F 0.73 E292H | 554 1.26 P443W 0.64
E442L 0.4 E442W 0.38 Q444M 0.37
E135G 339 2.79 E292K | 555 1.27 Q444D 0.97
E135H 0.79 E292N 0.99 Q444E | 832 1.19
E135K 1.15 E292P 1.05 Q444F 0.66
E135L 0.82 E292R 556 042 Q444G 0.93
E135N 0.56 E292V | 557 1.28 Q444H | 833 0.97
E135Q 1.59 E292W 0.83 Q4441 0.58
EI35R 340 2.08 T293A | 558 1.90 Q444K 1.03
E135S 1.13 T293C 559 1.67 Q444N 1.01
E135W 0.63 T293D 560 1.46 Q444R 0.85
E135Y 0.50 V137C 0.37 Q444V | 834 1.12
L136A 0.73 V137S 0.36 Q444w 0.64
L136C 0.56 V137L 0.21 Q444Y 0.67
L136D 047 Q143C 0.28 1445A 0.97
L136F 0.96 L144R 360 0.26 1445G 0.98
L136H 1.00 K152W | 396 0.37 1445H 835 1.35
L1361 0.65 A153S 0.34 1445L 1.06
L136M 1.05 K1541 0.38 1445M | 836 1.57
L136N 048 E156C 0.35 1445N 837 1.24
L136Q 061 E158G 0.37 1445P 838 1.67
L136R 0.74 K159G 0.38 1445Q 839 1.26
L136S 0.80 Al60W 0.39 1445R 1.08
L136T 0.72 Gle61v 0.42 14458 840 1.21
L136W 1.11 D163W 0.38 1445T 841 1.38
V137A 0438 DI163F 0.39 1445V 842 1.25
V1371 1.01 L165C 0.27 1445W | 843 0.69
V137T 051 V166N 0.47 1445Y 0.53
Q138A 0.69 E167F 0.31 F446A | 844 1.58
QI138C 0.65 K170A 0.40 F446C 0.75
QI138H 0.71 K170Q 0.40 F446D 1.18
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TABLE 9: ACTIVE MUTANTS
mutant | SEQ [ AvgNorm | mutant | SEQ [ AvgNorm | mutant | SEQ | AvgNorm
ID Act. ID Act. ID Act.
NO NO NO
Q1381 0.54 K173Q 0.32 F446E 1.10
QI38L 341 0.59 L174H 0.38 F446G 1.12
Q138M 0.68 R176L 0.40 F446H 1.28
Q138N 0.61 P177V 0.36 F4461 1.06
Q138R 0.53 L1801 0.38 F446K 0.94
Q138S 0.48 WIBIK 0.29 F446L 0.93
Q138W 041 Y183E 0.32 F446M | 845 1.31
Q138Y 0.60 Y184W 0.39 F446Q 0.72
QI139A 0.92 H193R 0.33 F446R 0.89
Q139C 0.44 H193F 0.38 F446T 0.89
Q139D 0.48 K195V 0.36 F446V 0.91
QI39E 0.94 K196N 0.39 F446W | 846 1.40
QI39F 0.53 K196Y 0.39 Y447D | 847 3.25
Q139G 0.65 P197W 0.39 Y447E | 848 1.36
Q139H 0.56 G198W 0.29 Y447F 1.41
QI39K 0.73 N200T 0.37 Y447G 849 0.92
QI139L 0.70 F204W 0.39 Y4471 850 1.36
Q139M 0.95 N205L | 452 0.39 Y447L 1.09
Q139R 0.79 N205Y 0.4 Y447M 0.90
Q139S 0.81 V206Q 0.33 Y447N | 851 1.58
Q139T 342 1.31 K209F 04 Y447P 852 1.46
Q139Vv 0.77 K209L 0.38 Y447Q | 853 2.37
Q140A 0.96 N211L 0.41 Y447R 1.12
Q140C 0.50 N211W 0.51 Y447T | 854 1.90
Q140D 0.59 W218M 0.38 Y447V | 855 1.38
Q140F 0.66 W218V 0.28 Y44TW 1.07
2. Inactive Mutants

The other mutants that exhibited less than 20% hyaluronidase activity of wildtype
PH20, in at least one of the duplicates, were rescreened to confirm that the dead mutants are
inactive. To confirm the inactive mutants, the hyaluronidase activity assay described in
Example 3 was modified to incorporate an overnight 37 °C substrate-sample incubation step
prior to measurement of enzymatic activity. The modified assay is intended to detect PH20
activities below 0.2 U/mL.

The preparation of the bHA coated plates and blocking of the plates prior to addition
of the transfected variant supernatants or wildtype PH20 was the same as described in
Example 3. The assay was modified as follows. First, transfected variant supernatants or
wildypte PH20 not containing a mutation generated as described in Example 2 were diluted in

duplicate 1:25 in assay diluent. For the standard curve, 1:3 serial dilutions of rHuPH20
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(generated as described in Example 1) were made in assay diluent in duplicate starting from
0.1 U/mL down to 0.00014 U/mL. A blank well also was included. Then, 100 ul of the
diluted samples or standard were added to pre-designated wells of the bHA-coated and
blocked plate and allowed to incubate at 37 °C overnight. After the incubation, the plates
were washed and binding to bHA detected as described above in Example 3. Optical density
was measured at 450 nm within 30 minutes of adding the stop solution.

The identified reconfirmed inactive mutants are set forth in Table 10. The Table sets
forth the amino acid replacement compared to the sequence of amino acids of PH20 set forth
in SEQ ID NO:3.

TABLE 10: Inactive Mutants
NOO2H | RO60V | R121W C189P P2361 V287N | L336W | G377V
NOO2K | RO60Y RI121Y C189R P236L V287P L336Y | G378D
NOO2W | LO61A N122A C189S P236N | V287Q A337C G378E
NO02Y LO61E N122C C189T P236Q V287R A337F G378F
FOO3A | LO61F | NI122E | C189V | P236T | V287S | A337G | G3781
FO03G LO61G NI122F C189W | P236Y Y288D A3371 G378L
FOO3K LO61H N1221 C189Y A238F Y288E A337K | G378M
FOO3P LO61IN N122K | Y190C | A238G | Y288F A337L G378Q
FOO3T LO61P | N122Q | Y190E | A238L | Y288G | A337M | G378T
FOO3V | L061Q | NI22R | Y190F | A238P | Y288H | A337R | G378W
R0O04D LO61R N122S Y190G | A238V Y2881 A337T | G378Y
ROO4E LO61T N122T Y190H | A238W | Y288K | A337W | K379A
ROO4F LO61W | N122V | Y190K | A238Y | Y288P A338C | K379C
R0O04G | LO61Y | WI23A | YI90L | A239C | Y288R | A338D | K379E
RO04L | GO62A | WI123C | Y190N | A239F | Y288T | A338E | K379F
RO0O4P G062C | WI123D | Y190Q | A239G | T289A A338F K3791
RO0O4W | GO62D | WI23E | Y190R | A239H | T289C A338G | K379L
R0O0O4Y GO62F | WI123H | Y190S A2391 T289E A338H | K379M
A005D GO0621 | WI123L | Y190T | A239L | T289G A3381 | K379W
A005G | GO62K | WI23M | Y190V | A239P | T289H | A338K | F380C
A0051 G062L WI123P | YI90W | A239R T289L A338L F380D
AO05L | GO62M | W123Q | N191A | A239S T289P A338P F380E
A005M GO62P | W123R | NI91E | A239T | T289Q A338R F380G
AOO5N | G062Q | WI123S | NI191F | A239V | T289R | A338T | F380Q
AOO5P | GO62R | WI123T | N191G | A239W | T289S | A338V | F380R
A005Q G062S | W123V | N191K | A239Y | T289Y K339D F380S
AOO5R G062T | WI123Y | NI191L T240E F290D K339E T381G
A005T G062V | K124C | N191M | T240F F290Q K339F T381L
A005V | G062Y | K124D | NI191P | T240G | F290Y | K339G | T38I1P
AOO5W | Y063C | KI124E | N191Q | T240N | G291A | K339H | T381W
A005Y | Y063G K124F N191R | T240W | G291C K339L T381Y
POOGE YO063P KI124N N191S T240Y | G291D | K339N | V382E
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TABLE 10: Inactive Mutants

POO6F | Y064A | P125C N191T | L241A | G291E | K339P | V382G

POO6T | Y064C | P125D | N191V | L241C | G291F | K339S | V382H

POO6V | Y064D | P125G | N191W | L241D | G291M | K339T | V382K

P0O06Y | YO64E P125L | N191Y | L241E | G291IN | K339V | V382L

PO07C | YO064F | P125N | H192C | L241G | G291T | K339W | V382M

POO7D | Y064G | P125W | HI192F L2411 | G291W | K339Y | V382N

POO7F | Y064H | KI126F | H192G | L241P | G291Y | M340A | V382P

P007G Y0641 | K126H | H192K | L241R E2921 | M340C | V382Q

POO7H | Y064K K1261 H192L | L241S E292L | M340D | V382R

P0OO71 Y064L | KI126L | H192M | L241T | E292T | M340E | V382S

POO7K | Y064P | KI126N | H192N | L241V | T293E | M340F | V382T

POO7L | Y064Q | K126P | H192P | L241W | T293N | M340G | V382W

P0O07Q | Y064R | K126Y | H192Q | Y242A | V294A | M340H | V382Y

POO7R | Y064S | D127K | H192R | Y242C | V294E | M340K | R383G

P007S Y064T | VI128E | H192V | Y242D | V294G | M340P | R383P

POO7T | Y064V | VI28P | H192W | Y242G | V294H | M340R | G384C

POO7W | Y064W | Y129A | H192Y | Y2421 | V294K | M340S | G384F

P0O07Y | PO65A | Y129C | H193A | Y242L | V294L | M340T | G384M

V008D | PO65C | Y129D | H193D | Y242M | V294N | M340V | G384Q

VOOBE | P065D | YI129E | H193K | Y242P | V294P | M340W | G384S

V008G | P065G | Y129G | HI93L | Y242R | V294Q | C341A | G384T

VOO8H | PO65H | Y129H | H193M | Y242S | V294R | C341E | K385C

VOO8N P0651 Y129L | HI193P | Y242T | V294S C341G | K385L

VOO8R | PO65K | Y129P | H193V | Y242V | V294T | C341H | K385M

VO008S | PO65N | Y129Q | Y194A | Y242W | V294W | C341K | K385P

VO08W | PO65R | Y129S | Y194C | V243C | A295C | C341L | K385W

1009C P065S Y129T Y1941 | V243D | A295G | C341M | K385Y

1009D PO65T | Y129V | Y194L | V243F | A295H | C341IN | P386A

1009E PO65V | Y129W | Y194P | V243G | A2951 C341Q | P386C

1009G | PO65W | K130C | Y194S | V243H | A295L | C341R | P386F

I009N PO65Y | K130D | Y194T | V243L | A295N | C341S | P386G

1009P Y066A | K130G | Y194V | V243M | A295P C341T | P386H

PO10OF Y066C | KI130H | KI195S | V243P | A295T | C341V P3861

PO10I Y066D | K130L | P197C | V243Q | A295V | C341Y | P386L

POIOL | YO66E | KI130N | G198V | V243R | A295Y | S342D | P386M

PO10M | Y066G | K130S | G198W | V243S | L296C S342E | P386N

P010Y Y0661 KI130T | YI99E | V243W | L296F S342F | P386Q

NO11A | Y066K | KI130W | Y199G | V243Y | L296G | S342H | P386R

NO11C | YO066L | K130Y | Y199H | R244A L2961 S342K | P386S

NO11F | YO066N | NI131P Y1991 | R244D | L296K S342L | P386T

NO11I YO066P | RI132P | Y199K | R244G | L296M | S342M | P386V

NO11L | Y066S S133D | Y199L R2441 L296Q S342P | P386Y

NOI1P | Y066T S133E Y199P | R244V | L296R S342Q | T387C
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TABLE 10: Inactive Mutants

NO11T | Y066V S133F Y199R | R244Y | L296S S342R | T387E

NO11W | 1067D S133G | Y199S | N245A | L296T S342T T387F

NO11Y 1067E S133H | Y199W | N245C | L296V | S342Y | T387G

V012G 1067G S133L | N200A | N245F | L296W | Q343C | T387H

VO012H 1067P S133M | N200F | N245L | L296Y | Q343D | T3871

VO12W | I067R S133N | N200G | N245P | G297C | Q343F | T387L

PO13E 1067T S133P N200H | N245Q | G297E Q3431 | T387M

P013G | 1067W S133R | N200OK | N245R | G297H | Q343P | T387N

PO13I DO68A S133T N200L | N245S | G297L | Q343W | T387V

POI13L | D0O68C | S133V | N200M | N245T | G297N | V344F | T387W

PO13M | D068G | S133W | N200P | N245V | G297P | V344G | T387Y

PO13V Do068I 1134A N200Q | R246A | G297Q | V344H | L388C

FO014A | DO68L 1134C N200R | R246C | G297R | V344L | L388G

FO14E D068P 1134D N200S | R246D | G297S | V344M | L388P

F014G | D068V I1134F | N200W | R246E | G297T | V344N | L388Q

FOI14H | DO68Y 1134G N200Y | R246G | G297Y | V344P | L388S

FO14K SO069N 1134H G201A | R246H | A298C | V344Q | E389F

FO14N S069T 1134K G201F R2461 A298E | V344R | E389V

FO14P 1070Q 1134P G201L | R246K | A298L | V344S | D390A

F014Q TO71P 1134Q | G201M | R246L | A298M | V344T | D390C

FO14W | G072C 1134R G201IN | R246M | A298N | V344W | D390E

LO15E GO72F 1134S G201P | R246P | A298P | V344Y | D390F

LO15F | GO72H | I134W | G201R | R246S | A298Q | L345A | D390G

LO15G G0721 E135P G201S | R246T | A298S L345C | D390H

LO1SK | GO72P | L136P | G201T | R246V | A298T | L345E | D390L

LOISN | GO72V | VI137F | G201V | R246W | A298W | L345H | D390N

LO15P | GO72W | V137G | G201W | V247A | A298Y | L345K | D390P

LO15Q | VO73P | V137H | S202A | V247C | S299A | L345N | D390R

LO15R | VO75D | V137N S202E | V247F | S299C | L345Q | D390S

LO15S | V075G | V137P S202F | V247H | S299D | L345R | D390T

LO15Y | VO75P | V137R | S202G | V247N | S299F L345T | D390V

WO16A | NO76A | V137W | S202H | V247P | S299G | L345V | D390W

Wo016C | NO76C | V137Y | S202K | V247Q | S299H | L345Y | D390Y

W016D | NO76F | Q138V | S202N | V247R | S299L C346A | L391A

WO16E | NO76G | QI139P S202P | V247S | S299M | C346D | L391D

WO16F | NO761 Q143C | S202Q | V247T | S299P C346F | L391G

W016G | NO76K | Q143H | S202R | V247W | S299Q | C346G | L391H

WO16H | NO76L Q143P S202V | V247Y | S299T C3461 L391K

WO016K | NO76P | QIl43R | S202W | R248C | G300A | C346K | L39IN

WO016M | NO76Q | Q143S S202Y | R248D | G300C | C346L | L391P

WO016P | NO76R | Q143T | C203A | R248E | G300D | C346M | L391Q

WO16R | NO76S | L144A | C203D | R248G | G300E C346P | L391R

WO016S | NO76T | L144E C203E R2481 G300F C346R | L391S
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TABLE 10: Inactive Mutants

WO16T | NO76V | L144F C203G | R248M | G300L C346S | L391T

WO016Y | NO76W | L1441 C203H | R248P | G300M | C346T | L391V

AO017D | GO77D | L144K | C203L | R248T | G300N | C346V | L391W

AO17E | GO77E L144P | C203M | E249A | G300P | C346W | L391Y

A017G | GO77L | L144Q | C203N | E249G | G300Q | Q347C | E392C

AO017H | GO77P L144S C203Q | E249H | G300S Q347F | E392P

A0171 G077Q | L144V | C203R E2491 G300T Q3471 | Q393C

AO017L | GO77R | L144Y C203S | E249K | G300V | Q347P | Q393P

AO017N | GO77T S145T C203T | E249M | G300W | Q347T | F394A

AO017P | GO77V | S145W | C203V | E249Q | I301E | Q347V | F394D

A017Q | GO78A | AIl49E | F204A | E249S 1301G | Q347W | F394E

AO017R | GO78D | A1l49P F204C | E249Y 1301H E348C | F394G

A017S G0781 T150V | F204E | A250C | I301K E348H F3941

A017T | GO78M | K152L | F204G | A250F | I301M E348I F394K

A017V | GO78P | A153E | F204H | A250G | I301IN E348L | F394N

AO017W | GO78T | AI1S53F F2041 A250H 1301P E348P F394P

A017Y | GO78Y | A153M | F204K | A250K | I301Q E348Q | F39%4Q

WO018C | I079A A153P | F204Q | A250L I301R E348R | F394R

WO018D | 1079D Al153R | F204R | A250M | I301S E348T | F394S

WO18F 1079F A153T | F204S | A250N | I301W | E348V | F394T

WO018G | 1079G | Al153V | F204T | A250P 1301Y | E348W | F394V

WO18H | I079H | K154D | V206C | A250Q | V302C | E348Y | S395C

WO18I 1079K K154E | V206D | A250R | V302D | Q349D | S395L

WOI18L | I079N | K154G | V206F | A250S | V302E | Q349F | S395M

WO018M | 1079P K154P | V206G | A250T | V302F | Q349G | S395P

WO18P 1079S K154S V206P | A250V | V302G | Q349P | E396C

WO018Q | I079W | K154W | V206Y | A250W | V302H | Q349V | E396F

WO018S 1079Y K154Y | E207A | 1251D V302L | Q349W | E396G

WO018T | PO80A Q155P E207F I251F | V302M | Q349Y | E3961

WO018V | PO80D | Q155Y | E207G | 1251G | V302P | G350A | E396P

WO018Y | PO8OE E156P | E207M | I251H | V302R | G350D | E396Y

NO19A | PO8SOF F157A E207P 1251K V3028 G350E | K397A

NO019C | P080G F157C | E207Q 1251P V302T | G350F | K397C

NO19F P080I F157D E207R 12518 V302Y | G350H | K397E

NO019G | PO80K | FI157E E207S 1251T I303A | G350K | K397F

NO1S9H | PO8OL F157G | E207T | I251W 1303C G350L | K397G

NO19I PO8OM | F157H | E207V | R252A | I1303D G350M | K3971

NOISL | POSON F1571 E207W | R252D I303E G350N | K397L

NO1SM | PO8OR F157K 1208D R252E I1303F G350P | K397M

NO19P | PO080S F157L 1208G | R252F | I303G | G350R | K397P

NO019Q | P080T | F157M 1208P | R252G | I303K G350S | K397Q

NO1SR | PO80V F157P 1208W | R252H 1303L G350T | K397T

NO19S PO80Y | F157Q | K209C | R2521I 1303M | G350V | K397V
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NO19V | QO81A | F157R | K209P | R252K | I303R G350Y | F398A

NO19W | QO81C | F157S R210A | R252L | I303W | V351C | F398C

NO19Y | QO81E | F157T R210C | R252N | I303Y V351D | F398E

A020D | Q081G | F157V | R210D | R252P | W304A | V351E | F398G

A020E | QO081H | E158D | R210E | R252S | W304C | V351F | F398H

AO20F | QO81L | E158K | R210G | R252T | W304D | V351H F3981

AO020H | QO8IN | E158P | R210K | R252Y | W304G | V351N | F398L

AO020K | QO81P | E158R | R210M | V253A | W304I | V351R | F398N

AO020L | QO081S | E158Y | R2I0N | V253D | W304M | V351W | F398P

AO020N | QO081V | K159W | R210P | V253E | W304N | V351Y | F398R

AO020P | QO081W | K159Y | R210S | V253G | W304P | C352A | F398S

AO20R | QO81Y | Gl61W | R210T | V253H | W304Q | C352D | F398T

A020T | KO82W | D163C | R210V | V253L | W304S | C352E | F398V

A020V | K082Y | D163P | R210W | V253M | W304T | C352F | F398W

A020Y I083E F164A | R210Y | V253N | W304V | C352G | F398Y

PO21A 1083K F164C | N211C | V253Q | W304Y | C352K | Y399D

P021C S084Y F164D N211F | V253R | G305L | C352M | Y399P

P021D | LO85A F164E | N211G | V253S | G305P C352P | C400A

PO21E LO85C | F164G | N211H | V253W | G305Q | C352Q | C400D

P021G | L085D | F164H N211I S254C | G305R | C352R | C400E

PO21H LO8SE F164N | N211K | S254D | G305S C3528 C400F

P0O211 LO85F F164P | N211M | S254E | G305T | C352T | C400G

PO21L L085G | F164Q | N211P | S254G | G305V | C352V C4001

PO21IM | LO85H F164R | N211R S2541 G305Y | C352W | C400L

PO21R | LO85N | L165C | N211S | S254K | T306A | C352Y | C400M

P021S L085Q | L165H | N211T | S254L | T306C 1353C C400P

P0O21T LO085S L165P | N211V | S254P | T306H 1353F C400Q

P021V | LO85T L165T | N211W | S254Q T3061 I1353G C400R

PO21W | Q086C | V166D | D212A | S254R | T306L I353H C400S

S022C | QO086P | E167V | D212G | S254T | T306V I353K | C400T

S022E | DO87P | T168A | D212H | S254V | T306W | I353L C400V

S022G | HO88A | T168C D2121 | S254W | T306Y I1353M | C400Y

S022K | HO88C | T168D | D212K | S254Y | L307C 1353Q S401C

S022pP HO8SE | T168E | D212L | K255C I353R S401F

E023A | HO88F | T168F | D212M | K255D | L3071 13538 S401H

EO023F | HO88G | T168G | D212P | K255L | L307P I353W | S401K

E023L HO088I T168K | D212V | K255P | S308C | R354C | S401R

E023M | HO88K | TI168L | D212W | K255V | S308F R354D | S401W

EO023N | HO88L T168P D213P | K255W | S308L R354E | S401Y

E023P | HO88M | T168R | D213S 1256C | S308M | R354G | C402A

EO023R | HO88P | T168S | L214A | 1256D S308V | R354H | C402D

E023S | HO88R | T168V | L214C 1256E S308W R3541 C402E

E023T HO88S | T168W | L214D 1256G S308Y | R354K | C402F
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E023V | HO88T | T168Y | L214E 1256P | M310C | R354L | C402L

C025D | HO88V 1169A L214G | P257D | M310E | R354M | C402M

CO25E | HO88Y 1169D L214H | D258L | M310F | R354P | C402P

CO25F LO89A 1169F L214K | D258P | M310K | R354Q | C402Q

C025G | LO89D 1169G | L214N | D258V | M310L | R354S | C402R

CO025H | LO8S9E 1169H L214P | D258W | R311C | R354V | C402S

C0251 L089G 1169K L214R | K260C | R311E | R354W | C402T

CO025K | LO089Q 1169N L214S | K260P | R311F | R354Y | C402V

C025L L089S 1169P L214T S261P R311I K355D | C402W

CO025N | LO089T 1169Q | L214Y | P262A | R311L | K355F | C402Y

CO025P | LOSOW 1169S S215C | P262D | R311P | K355G | Y403A

CO25R | LO89Y 1169T S215P P262E | R311V | K355H | Y403C

C025S | D090C 1169Y | W216D | P262F | R311W | K355L | Y403E

C025T | D090G | K170C | W216E | P262G | S312C | K355M | Y403G

C025V | K091D | K170D | W216G | P262H | S312E | K355N | Y403H

C025Y | KO91E | K170E | W216H | P2621 S312M | K355P | Y403K

G027C | KO91IF | K170G | W216l | P262K | S312V | K355Q | Y403L

L033C | K091G | K170M | W216K | P262Q | S312W | K355R | Y403M

L033D | KO91H | K170P | W216L | P262R | M313C | K355S | Y403N

LO33H | KO0911 | K170W | W216M | P262S | K314C | K355T | Y403P

LO33N | KO91L | K170Y | W216N | P262T | K314L | K355V | Y403Q

L033V | KO9IN | L171C | W216P | P262V | K314W | K355W | Y403R

L033Y | KO91T | L171D | W216Q | P262W | S315C | K355Y | Y403T

D0341 AO092E | L171H | W216R | P262Y S3151 N356C | S404C

DO034L | A092F | L171M | W216T | L263E | S315V | N356G | S404D

DO034N | A092H | L17IN | W216V | L263F C316E | N356K | S404F

D034S | A092K | L171R | L217A | L263P | C316G | N356L | S404G

DO034T | A092P L171S L217C | L263Q C316l N356P S404H

D034V | A092Q | L171W | L217G | L263W | C316K | N356R | S404L

MO35A | A092R | L171Y | L217H | P264D | C316L | N356T | S404M

MO35D | A092W | G172D | L217P | P264E | C316M | N356V | S404N

MO35G | A092Y | G172E | L217Q | P264F C316P | N356W | S404R

MO35P | K094G G1721 L217S | P264G | C316R | W357D | S404V

MO35R | K094P G172L | L217T | P264L C316S | W357E | S404W

MO035S | DO95A | G172P | L217V | P264M | C316T | W357F | S404Y

S036C | D0O95C | G172Q | L217W | P264R | C316V | W357G | T405C

S036F DO95E | G172T | W218A | P264T | C316W | W357L | T4051

S036V | DO9SF | G172V | W218I | P264V | C316Y | W357M | T405V

S036W | D0O95G | G172W | W218K | P264W | L317G | W357Q | L406P

S036Y | DO95SH | G172Y | W218L | P264Y | L317P | W357R | L406R

L037C | DO95K | K173D | W218P | V265A | L318C | N358E | C408A

LO37E | DO95L | K173E | W218S | V265D | L318P | N358H | C408E

L037G | DO95M | K173G | W218V | V265F | L318W | N358I C408F
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LO37N | DO95P | K173H | N219P | V265G | L319C | N358K | C408G

L037S | D095Q K1731 E220G | V265H | L319E | N358P C4081

FO38E D095S | K173L | E220K | V265K | L319F | N358Q | C408K

FO038G | D095V | K173M | E220N | V265L | L319G | N358R | C408L

FO38K | D0O95W | K173P | E220P | V265M | L319H | N358W | C408P

FO38L | D095Y | K173S E220R | V265N | L3191 S359A | C408R

FO38N I096A | K173V | E220W | V265Q | L319K S359F C408S

F038Q 1096C | K173W | S221D | V265R | L319M | S359G | C408T

FO38R 1096G | K173Y S221E | V265S | L319P S359L | C408V

FO38T 1096H L174P S221H | F266A | L319Q S359P | C408W

FO38W 1096P L175C S221K | F266C | L319R | S359W | C408Y

S039C 1096R L175D S221P | F266G | L319S S360A | E410W

S039D 1096S L175G S221R | F266H | L319V S360C | K411D

SO039F 1096T L175K T222P | F266M | L319W | S360E | K411E

SO039W | 1096W | L175P | T222Y | F266P | L319Y S360F | K411F

FO40A FO98P L175R | A223C | F266Q | D320C S360G | K411G

F040D | Y099C | L175S | A223D | F266R | D320P S3601 A412E

FO40E YO099E | R176A | A223E | F266S | D320V | S360K | A412H

F040G | Y099G | R176C | A223G | F266T | N321E S360L | D413H

F040K Y0991 R176E | A223H | F266V | N321IM | S360M | D4131

FO40N | YO99N | R176F | A223K | F266W | N321P S360P | D413K

FO40R | Y099P | R176G | A223L | A267D | Y322C S360Q | D413L

F040S Y099V | R176H | A223P | A267G | Y322D S360R | D413P

FO40T | YOO9W | R1761 A223Q | A267H | Y322E S360V | V414A

FO040V | M100C | R176P | A223R | A2671 | Y322G | D361A | V414D

1041Q | MI10OE | R176Q | A223S | A267K | Y3221 D361C | V414E

G042D | MI10OOF | R176S A223T | A267N | Y322L | D361E | V414G

GO42E | M100G | R176T | A223V | A267R | Y322N | D361G | V414H

GO42H | MI10OON | R176V | A223W | A267S | Y322P | D361M | V414K

G042 | M10OP | R176W | A223Y | A267W | Y322R | D361N | V414R

GO042K | M10OR | P177A | L224A | Y268A | Y322S | D361P | V414S

GO042L | M100S | P177C | L224D | Y268C | Y322T | D361Q | V414T

G042M | M100T | P177D L224E | Y268F | Y322V | D361R | K415C

G042P | M100OW | P177F L224F | Y268G | Y322W | D361S | K415D

G042Q | M100Y | P177G | L224G | Y268H | M323A | D361V | K415E

GO042R | P101A | P177H | L224M | Y268K | M323C | D361W | K415P

G042S P101C P177L L224P | Y268L | M323E | Y362A | D416C

G042T P101F | P177M | L224Q | Y268N | M323G | Y362C | D416S

G042V | P101H P177Q | L224R | Y268P | M323H | Y362E | T417A

S043A P1011 P177R | L224S | Y268Q | M323K | Y362G | T417D

SO043E | P101K | P177S L224T | Y268S | M323N | Y362H | T417E

S043F P101L P177T | L224W | Y268T | M323R | Y362K | T417F

S043G | P10IM | P177V | L224Y | Y268V | M323S | Y362L | T417G
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S0431 PI10IN | P177W | Y225A | Y268W | M323T | Y362M | T417H

S043K | P101Q | NI178E | Y225D | T269E | M323V | Y362N | T417K

S043L P101IR N1781 Y225E | T269K | E324C | Y362P | T417M

S043Q P101S N178L | Y225G | T269L | E324F | Y362R | T417P

SO043R | P101T | N178V | Y225H | T269M | E324P | Y362S | T417Q

S043V VI102P | N178W | Y225K | T269N | E324V | Y362T | T417R

P044A | D103A | N178Y | Y225P | T269P | E324W | Y362V | A419D

P044C | DIO3E | H179W | Y225Q | T269Q | E324Y | Y362W | A419P

PO44F DI103F | L180A | Y225R | T269R | T325C | L363A | V420A

P044G | D103G | L180C | Y225T | R270A | T325R | L363C | V420D

P044H | D103H | LI180E | Y225V | R270C 1326E L363D | V420F

P0441 D1031 L180P | Y225W | R270E 1326G L363E | V420G

P044L D103L | L180R | P226A | R270F 1326H L363F | V420H

P044N | D103Q | L180S P226C | R270G | I326N L363G | V420K

P044Q | D103R | WI181A | P226D | R270H | I326W | L363H | V420L

P044R | D103T | WI181C | P226E R2701 L327A L3631 V420N

P044S D103V | WI181D | P226F R270P | L327E L363P | V420R

P044T | D103W | WI81E | P226G | R270Y | L327F L363Q | V4208

P044W | D103Y | WISIF | P226L 1271A | L327G | L363R | V420T

P044Y | N104F | W181H | P226N | 1271D | L327H | L363S | V420W

RO45A | N104P WI181I | P226Q 1271E L327N L363T | V420Y

R045D | N104W | W181K | P226R 1271H | L327Q | L363V | V422C

RO45F L105C | WI181L | P226S 1271K | L327R | L363W | V422D

R045G | L105M | WI181R | P226T 1271T L327S | H364A | V422G

RO45P | L105N | WI181S | P226V | 1271W | L327T | H364C | V422H

RO45W | GI106A | WI181V | P226W | V272A | L327V | H364D | V422L

1046P G106C | G182A | P226Y | V272H | L327W | H364E | V422M

1046W | G106D | G182C | S227A | V272L | L327Y | H364F | V422N

N047V | G106F | G182D S227F | V272N | P329C | H364G | V422Q

A048P | Gl106H | GI182E | S227G | V272P | P329F | H364K | V422R

T049C | GlO6L | G182H | S227H | V272W | P329G | H364L | V4228

T049D | G106M | G182N S2271 F273A | P329H | H364M | V422Y

T049G | G106N | G182P S227K | F273C P3291 H364P | C423A

TO049H G106P | G182Q S227L | F273D | P329K | H364R | C423D

T049P G106S | G182R | S227M | F273G | P329L | H364S | C423E

G106W | G182S S227P F2731 P329N | H364T | C423F

Q051C | Glo6Y | GI182T S227Q | F273L | P329Q | H364V | C423G

QO51F | M107A | G182V | S227R | F273P P329R | H364Y | C423H

Q0511 | M107C | G182Y S227T | F273Q P329S L365A | C423L

QO051IM | M107H | Y183C | S227V | F273S P329T | L365C | C423M

QO51P | M107K | Y183D | S227W | F273V | P329V | L365D | C423P

QO51T | M107P | Y183E S227Y | F273W | P329W | L365E | C423Q

QO051W | M107Q | Y183G 1228A | T274C | P329Y | L365G | C423R
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QO051Y | M107S Y1831 1228E T274E | Y330A | L365M | C423S

G052C | M107V | Y183K 1228F T274G | Y330C | L365N | C423T

GO52E | M107W | Y183N 1228G | T274H | Y330D | L365P | C423V

GO52F | A108D | Y183P 1228H T274N | Y330E | L365Q | C423W

GO52W | A108E | Y183Q 1228L T274Q | Y330G | L365R | I424A

GO052Y | AIO8F | Y183R | I228M | T274W | Y3301 L365S 1424C

VO53A | A108K | Y183S 1228N | T274Y | Y330L | L365T 1424E

VO053C | A108L | Y183V 1228P D275A | Y330M | L365W | 1424G

V053D | A108M | Y184A 1228R D275F | Y330N | L365Y | I424H

VO53E | AI08P | Y184C 1228S | D275G | Y330P | N366A | I424N

V053G | A108Q | Y184D 1228T D2751 | Y330R | N366C | 1424Q

VO53H | A108T | YI184E | I1228W | D275K | Y330S | N366E 1424R

VO53L | A108V | YI184F | Y229E | D275L | Y330V | N366F 1424S

VO53N | A108Y | Y184G | Y229F | D275M | Y330W | N366G | 1424W

VO53P | V109C | Y184H | Y229G | D275Q | I331A | N366K | 1424Y

V053Q | V109D | Y184K | Y229K | D275T I1331C | N366M | A425E

VO53R | VIO9E | Y184L | Y229L | D275V | I331D N366P | A425L

V0538 VIOSL | Y184M | Y229P | D275W | I331E N366Q | A425P

VO53T | VI10SM | Y184P | Y229Q | Q276F I331F N366R | A425W

VO53W | V109R | Y184R | Y229T | Q276P | I331H | N366T | A425Y

VO053Y | VI109T | Y184S | Y229V | Q276W | I331K | N366W | D426C

T054D | V109W | Y184V | Y229W | L278M | 1I331Q P367E | D426F

TO54E 1110F L185A | L230A | L278P I331R P367F | D426M

T054G I110K L185D L230E | K279A 1331S P3671 D426R

T054P I110L L185E | L230G | K279C | I331T P367L | G427A

TO54R I110M L185F L230H | K279F | I331W | P367M | G427C

TO54Y 1110P L185G | L230K | K279G | I331Y P367Q | G427F

1055A 1110W L1851 L230M | K279L 1332A P367V | G427L

1055D DI111H | L185K | L230N | K279W | 1332C D368C | G427P

1055G D1111 L185P L230P | K279Y | I332D D368P

I055H | D111Q | L185R | L230R | F280D I332E | D368W | G427V

I055N | W112C | L185S L230S F2801 1332F N369C | G427W

1055P WI112E | L185T L230T | F280L 1332G N369E | G427Y

1055Q | W112G | L185V | L230V | F280M | I332H N369F | V428A

I055R | W112H | L185W | L230W | F280N | I332K N3691 | V428C

1055T | WI112L | L185Y | L230Y | F280R 1332L N369K | V428D

1055V | W112N | F186A | N231A | F280S 1332N N369L | V428E

1055Y WI112P | F186D | N231C | F280T 1332P N369P | V428G

FO56A | W112S | F186G | N231D | F280V 1332R N369Q | V428H

Fo56C | E113R | F186H | N231F | F280W | I332S N369V | V428N

FOS6E | E113V F1861 N231G | L281A | I332T | N369W | V428R

F056G El1141 F186K | N231H | L281D 1332Y F370A | V428S

FO56H E114L F186L N231I | L281G | N333G | F370D | V428Y
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FO561 El114P F186N | N231K | L281H | N333H | F370E | C429A

FO56K | E114T F186P N231L L2811 N3331 F370G | C429D

FO56L E114V | F186Q | N231P | L281K | N333K | F370H | C429K

FO56P | W115A | F186R | N231Q | L281IN | N333P | F370K | C429L

FO5S6R | W115C | F186S | N231R | L281P | N333R | F370L | C429N

F056S | WI115D | F186V | N231S | L281Q | N333S F370N | C429P

FO56T | WI13F | F186W | N231V | L281R | N333T F370P C429S

FO56V | W115G | P187A | T232C | L281S | N333W | F370Q | C429T

FO56W | W115H | P187F T232G | L281V | N333Y | F370R | C429V

YO57A | WI1151 | P187G | T232H | L281W | V334A | F370S | C429W

Y057D | W115K | P187H | T232K | S282F | V334C | F370V | C429Y

YO57F | WI115L P1871 T232L S282L | V334D | F370Y 1430A

Y057G | W115M | P187L T232N | S282V | V334E | A371P 1430D

Y0571 | W115R | P187M | T232P | S282W | V334G | A371W | I430E

YOS7L | WI115S | P187N | T232Q | S282Y | V334M | I372A 1430L

YO57M | W115V | P187Q | T232V | Q283A | V334N 1372D 1430M

YO57P | W115Y | P187R | T232Y | Q283C | V334R 1372E 1430N

Y057Q | R116A | P187S Q233D | Q283D | V334S 1372F 1430S

YO57R | R116C P187T Q2331 Q283F | T335F 1372G 1430T

Y057V | R116D | P187V | Q233P | Q283W | T335G 1372H 1430V

YO057W | R116E | P187W | Q233S | D284C | T335H I372K | D431P

VO058A | R116G | P187Y | Q233T | D284l T3351 13721 A432C

DO059A | R116H | D188A | Q234A | D284P | T335K I372N A432F

DO59E R116l D188C | Q234D | E285K | T335L 1372P A4321

D0591 R116L | DI188F | Q234E | E285P | T335P I372R | A432K

DOS9L | R116N | D188G | Q234G | E285R | T335V 13728 A432L

DO5SM | R116P | D188H | Q234H | E285T | T335W 1372T | A432M

DO59P | R116Q | DI18SL | Q234N | E285V | T335Y 1372V A432P

DO59R | R116S | D188M | Q234P | L286A | L336A | I372W | A432Y

DO59T | R116V | D188N | Q234S | L286C | L336E | Q373C | L434H

D059V | R116W | DI188P | Q234T | L286D | L336F Q373P | L434K

DO59W | P117D | D188Q | Q234V | L286F | L336G | Q373W | L434P

DO059Y | P117G | DI188R | Q234W | L286H | L336K | L374D | L434Q

RO6G0OA P1171 D188S S235F | L286K | L336N | L374E | L434R

R0O60D | P117K | DI188T S235L | L286M | L336P E375C | L434W

RO60OF | P117N | D188V | S235M | L286P | L336R | E375F | P437T

RO60G | P117Q | D188W | S235R | L286T | L336S E375P | M438Y

RO60OH | P117R | CI189A | S235W | L286Y | L336T | E375V | E439N

R0O601 P117S C189E S235Y | V287A | L336V | E375Y | E439R

RO6OL | P117V | C189G | P236C | V287C | RI121G K376l T440Q

RO60ON | P117W | C189H | WI119L | V287D | R121H | K376P | E441R

RO60P | T118C | C189K | WI119N | V287E | R121K | K376W | E442M

R060Q | T118D CI89L | WI119P | V287G | RI121L | G377C | E442N
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TABLE 10: Inactive Mutants
R0O60S T118E C189M | WI1I19R | V287K | R121M G3771 E442S
RO60T T118G C189N RI21A | V287L R121P G377L P443D
T118R T118P T118W | R121C R121F G378D G377V | G378E
T118Y W1191 | W119A | W119K | R121E G378F G3781

EXAMPLE 5
ASSAY FOR HYALURONIDASE ACTIVITY UNDER TEMPERATURE AND
PHENOPHILIC CONDITIONS

Supernatants from PH20 activity variants set forth in Table 9, as identified in
Example 4, were tested for stability under thermophilic and/or phenophilic conditions. The
assay to measure hyaluronidase activity under temperature and phenophile conditions using
biotinylated-HA (bHA) as substrate for measuring hyaluronidase activity was modified from
the original assay described in Example 3 in that it incorporated a 4-hour 37 °C incubation of
samples with or without m-cresol prior to measurement of enzymatic activity. The assay was
used to identify PH20 mutants with thermophilic properties (activity greater at 37 °C
condition than at 4 °C) and/or with phenolphilic properties (greater activity in the presence of
m-cresol than wildtype PH20).

1. Primary Screen

Prior to incubating samples with bHA, variant PH20 samples were diluted into
designated wells of an uncoated 4XHB plate for pre-incubation at 37 °C for 4 hours under the
following conditions: 1) pre-incubation at 37 °C with 0.4% m-cresol; and 2) pre-incubation at
37 °C without 0.4% m-cresol. For the preincubation at 37 °C with 0.4% m-cresol, a 1% m-
cresol intermediate stock was prepared from 50% (v/v) m-cresol stock solution. Briefly, ina
2 mL Wheaton glass vial a 50% stock of m-cresol (Fluka, Catalog No. 65996; Spectrum,
Catalog No. C2773) was made in methanol based on the density (D=1.034 g/L)). The vial
was sealed and stored at -20°C with protection from light in small aliquotes. Then, the 1%
intermediate stock was generated by dilution in HEPES assay buffer (10 mM HEPES, 50 mM
NaCl, 1 mM CaCl,, 1 mg/mL BSA, pH 7.4, 0.05% Tween-20) daily immediately prior to use
in a fume hood with vortexing.

Then, duplicates of transfected variant supernatant samples set forth in Table 9,
generated as described above in Example 2, were each separately subjected to a 1:2.5 dilution
of 1% m-cresol in HEPES assay buffer/ transfected supernatant to obtain 0.4% final
concentration of m-cresol. For the preincubation at 37 °C without 0.4% m-cresol, transfected
variant superatant samples were subjected to a 1:2.5 dilution in HEPES assay
buffer/transfected supernatant. In addition, for each condition, an internal killing control was

also tested by spiking in 3 U/mL of rHuPH20 in pH 7.4 HEPES buffer (generated as
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described in Example 1) that was diluted the same as described above for the transfected
samples. The plates were scaled with plate sealers and incubated at 37 °C for 4 hours.

The preparation of the bHA coated plates and blocking of the plates prior to addition
of the transfected variant supernatants or wildtype PH20 was the same as described in
Example 3. The assay was further modified as follows. First, samples were diluted in
duplicate 1:10 in HEPES assay buffer in 4XHB plates. For each variant, the samples that
were tested were 1) non-preincubated transfected variant supermatant (no incubation; 4 °C );
2) preincubated transfected variant supernatants preincubated at 37 °C for 4 hours with 0.4%
m-cresol (Cresol); or 3) preincubated transfected variant supernatant preincubated at 37 °C
for 4 hours without 0.4% m-cresol (no cresol; 37 °C). In addition, the spiked-in samples also
were tested. A standard curve using rHuPH20 was made as described in Example 3 without
m-cresol. One hundred microliters (100 pl) of each standard and sample were transferred to
pre-designated wells of the bHA-coated and blocked plate and incubated for approximately
1.5 hours at 37 °C. Thus, each sample of each variant was tested in quadruplicate due to the
preincubation of duplicate samples of each transfected variant supernatants in the pre-
incubation step and the further duplicate of cach sample in the bHA assay.

After the incubation, the plates were washed and binding to bHA detected as
described above in Example 3. Optical density was measured at 450 nm within 30 minutes of
adding the stop solution.

The U/mL activity was calculated from the standard curve and compared. The results
were depicted as the percent (%) activity remaining under each of the following parameters:
ratio of activity at 1) 37 °C preincubation without m-cresol/4 °C; 2) 37 °C after preincubation
with m-cresol/4 °C; and 3) 37 °C after preincubation with m-cresol/after preincubation at 37
°C without m-cresol. Initial phenophile hits for reconfirmation were identified as those that in
a duplicate assay exhibited a percentage of remaining activity under condition 3) of > 20% of
the original activity at 37 °C.

Initial Hits were rescreened using a 6-well plate rescreen assay. For the rescreen,
plasmid DNA corresponding to the potential Hit was transformed into £. coli bacteria and
plasmid DNA prepared and purified using MaxiPrep according to the manufacturers
instructions. The DNA sequence was confirmed.

The plasmid DNA was transfected into monolayer CHO-S cells (Invitrogen, Cat. No.
11619-012) grown on 6-well plates at a density of about 50-80% confluency using
Lipofectamine 2000 (Invitrogen, Cat. No. 11668-027) according to the protocol suggested by
the manufacturer. Transfections were performed in duplicate. The cells were incubated at
37 °C in a CO; incubator for 96 hours post-transfection before collecting the supematant for

the assay. As controls, cells also were transfected with the HZ24-PH20(OHO)-IRES-SEAP
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expression vector (SEQ ID NO:4) that contains a codon-optimized wildtype PH20 sequence
(OHO). Mock cells also were included as controls.

Ninety-Six (96) hours post-transfections, supernatant was collected from each
sample, including the OHO and mock controls, and assayed for hyaluronidase activity under
various conditions as described above: 1) non-preincubated transfected variant supernatant
(no incubation; 4 °C); 2) preincubated transfected variant supernatants preincubated at 37 °C
for 4 hours with 0.4% m-cresol (Cresol; 37 °C); or 3) preincubated transfected variant
supernatant preincubated at 37 °C for 4 hours without 0.4% m-cresol (no cresol; 37 °C).
Hyaluronidase activity was determined as described above using the bHA assay.

The results were assessed as described above. Absolute hyaluronidase activity
(U/mL) was generated from the standard curve. In addition, percent activity was determined
as a ratio of activity at 37 °C/4 °C, 37 °C plus m-cresol/4 °C, and 37 °C
plus m-cresol/37 °C. The results are set forth in Tables 11 and 12 below.

TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
LOO1A | 2.993 2511 3.529 3214 0.287 0.295
LOOIE | 2.669 2.539 2.862 3.179 0.376 0.341
LO01IG | 0.348 0.583 0.596 0.676 0.055 0.031
L.001Q | 5.135 6.443 6.133 5719 0.621 0.636
LOOIR | 5.603 4.390 6.576 7.042 0.458 0.396
PO06A | 2.965 3.208 4.088 3.495 0.404 0.435
VOO8M | 1.376 1.401 1.856 1.678 0.000 0.008
1009Q | 0.447 0.381 0.469 0476 0.031 0.030
P010G | 0.747 0.564 0.820 0.688 0.123 0.114
POIOH | 0.473 0.485 0.624 0.548 0.000 0.000
NO11S | 0.862 0.962 1.313 1.263 0.094 0.064
VOI2E | 11.019 5.519 5.312 5528 0.753 0.934
VOI12I | 2.804 3.844 3.610 6.566 0.106 0.090
VOI2K | 1.691 1.963 2.479 2.243 0.330 0.321
F014V | 0.144 0.165 0.222 0.242 0.003 0.000
LO15M | 0.902 1.073 1.026 0.901 0.017 0.017
A020S | 1.494 2.205 2.822 2.620 0.413 0.397
S022T | 3.035 3.788 3.375 3273 0.684 0.748
LO26M | 1.482 1.226 2.027 1.704 0.224 0.178
KO028R | 0.944 0.845 1.043 0.925 0.112 0.095
FO29R | 1.195 1.511 1.848 1.839 0.140 0.140
F029S | 3.019 3.615 3.566 3.521 0.250 0.283
FO29T | 1.451 1.712 1.839 2.065 0.220 0.212
P032C | 0.370 0.419 0.476 0.534 0.006 0.040
L033G | 0.566 0.700 0.686 0.627 0.001 0.026
D034W | 0.340 0.321 0.499 0471 0.076 0.069
MO035V | 0.887 0.639 0.721 0.652 0.116 0.023
S036H | 1.109 0.752 1.178 1.135 0.117 0.026
S036N | 0.797 0.933 0.893 0.859 0.171 0.260
LO37M | 0.574 0.404 0.455 0.353 0.049 0.032
FO040L | 2.603 3.941 3.515 4.148 0277 0.361
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TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
1046L. | 3.027 2.959 4011 3.342 0513 0.557
N047D | 2.222 2.359 2.573 2.639 0.032 0.021
NO47W | 0.404 0.415 0.423 0.456 0.000 0.017
AO048N | 12.398 45971 14.252 23.873 0.797 0.902
TO49R | 7.893 13.334 9.685 12.102 0.563 0.649
G050D | 3.287 3.148 3.084 3.020 0.242 0.264
GO50M | 1.763 2.333 2.780 3.244 0.250 0.393
GO352N | 7.217 9.809 6.939 13.978 1.109 1.083
GO52T | 1.542 1.224 1.795 1.433 0.381 0.463
GO052S | 2.152 1.999 2.120 1.963 0.498 0.566
VO058C | 1.428 1.312 1.321 1.301 0212 0.210
V058K | 28.000 28.000 61.016 61.016 23.586 23.586
VO58R | 5.719 4.688 5.542 4.822 3.134 3.149
VO58N | 1.200 1.175 1.550 1.525 0.200 0.175
VO058Y | 1.040 0.770 1.071 1.088 0.388 0.454
V058Q | 11.956 15.363 18.458 45.092 1.567 2.166
V058P | 3.360 2.949 2.799 5.121 0.592 0.884
VO58H | 3.790 5.074 7.590 9222 0.826 1.205
D068P | 0.215 0.215 0.213 0.180 0.001 0.184
S069T | 1.927 2.179 2.671 2.671 0.289 0.240
1070P 1.284 1.593 1.306 1.589 0.010 0.032
1070V | 1.818 2.437 3.099 3.335 0.433 0.363
VO073Q | 4.846 5.441 5.880 5827 0.383 0.477
VO73R | 0.522 0.803 0.720 0.804 0.018 0.059
TO74E | 2.903 3.834 3.868 3.871 0.666 0.626
TO074M | 0.569 0.744 0.656 0.771 0.079 0.083
TO74N | 2.792 1.905 2.565 2.995 0.281 0.204
TO74P | 2.331 1.593 2.525 2.648 0.309 0.265
TO74R | 0.999 0.820 0.806 1.066 0.060 0.023
TO74V | 1.186 1.280 1.365 1.460 0.101 0.080
V075M | 0.917 1.087 1.233 1.321 0.003 0.028
KO82L | 1.362 1.311 1.563 3.302 0.325 0.354
KO82N | 3.202 3411 3.396 3.244 0.792 0.861
1083V | 3.706 2.633 5.194 3.615 1.552 1.017
1083Q | 2.376 1.946 2.665 3.674 0.720 0.510
1083S | 0.841 1.054 0.880 1.005 0.235 0.268
1083G | 2.276 2.443 2418 1.866 0.545 0.601
SO84E | 1.470 1.484 1.834 1.683 0.115 0.115
SO084F | 1.179 1.212 0.982 1.103 0.025 0.000
SO084N | 2.255 1.888 3.268 2.476 0.597 0.547
S084R | 8.534 14.779 10.230 30.016 1.117 1.494
QO86A | 2.084 2.120 2.845 3310 0.405 0.322
QO086H | 1.187 1.000 1.218 1.296 0.087 0.065
Q086K | 0.127 0.110 0.126 0.072 0.032 0.023
QO086S | 2.528 2.082 2.539 2.149 0.173 0.241
Q086T | 3.018 2.542 2.832 4562 0.290 0.406
D087G | 2.755 2.176 2.252 1.971 0.034 0.122
DO87L | 2.070 2277 2.195 2311 0.324 0.299
DO87M | 2.262 2.325 2.510 2.038 0.191 0.335
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TABLE 11: Absolute Hyaluronidase Activity
Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
D087S | 5.210 10.305 6.983 14.399 0.569 0.928
D087V | 1.361 1.364 1.553 1.187 0.142 0.189
DO90OE | 8.251 12.299 7.666 19.836 1.093 1.234
DO90ON | 2.812 2.775 3.123 2.737 0.379 0.290
K093Q | 2.491 2.065 2.267 1.971 0.132 0.131
K093R | 2.986 2.862 3.094 2.842 0.362 0.465
K094D | 2.393 2.088 2.071 2.132 0.135 0.211
K094R | 1.407 1.542 1.764 1.676 0.158 0.166
T097C | 0.330 0.618 0.545 0.505 0.044 0.087
T097D | 0.520 0.565 0.643 0.664 0.055 0.073
TO97E | 1.096 1.410 1.394 1.623 0.217 0.262
TO97L | 0.899 1.198 1.065 1.241 0.246 0.300
NI104R | 2.508 2.356 2.876 2.790 0.279 0.238
AlI20H | 2.155 2.551 2.028 2.883 0.168 0.199
DI27R | 0.264 0.339 0.149 0.199 0.105 0.068
V1281 | 3.120 3.313 3.546 3.401 0.389 0.504
N131M | 15.335 20.678 27.143 15.899 0.505 0.447
NI131IR | 8.195 8.748 7.724 8.392 1.645 1.626
NI31V | 1.656 1.870 2.280 1.962 0.233 0.214
R132L | 3.306 3.235 3.259 2.966 0.337 0.430
QI138L | 1.494 1.660 1.611 1.521 0410 0.347
Q140K | 2.829 4.065 4.996 4.464 0.546 0.559
NI41R | 1.290 1.320 1.334 1.527 0.058 0.035
N141S | 2.201 2.708 2.900 2.966 0.135 0.164
NI141W | 1.475 1.568 1.927 1.643 0.100 0.105
V142D | 2.552 2.186 2.914 3.193 0.128 0.067
V142G | 1.357 1.796 1.597 1.621 0211 0.219
V142K | 3.532 2.381 3.867 3.681 0.571 0.575
V142N | 0.432 0.567 0.672 0.589 0.103 0.087
V142P | 4.624 7.213 7.722 7.021 1.074 1.081
V142Q | 5.090 6.900 7.618 6.897 0.678 0.678
V142R | 1.968 2.595 2.941 2.689 0.364 0.330
V1428 | 2.789 2.988 4.763 3.497 0416 0.591
VI142T | 1.926 3.260 4.313 4.031 0.495 0.472
Q143G | 3.922 4.903 5.632 4.846 0.782 0.780
Q143K | 3.634 3.671 7.285 5.008 1.043 1.039
L144R | 3.810 4.581 5.191 5.107 0.556 0.520
L144T | 1.496 1.681 1.941 1.831 0.285 0.219
L146P | 0.818 0.782 0.954 0.904 0011 0.031
T147S | 0.984 1.149 1.399 1.497 0.055 0.039
T150N | 0.442 0.585 0.622 0.684 0.039 0.046
T150S | 1.747 1.400 1.875 1.988 0.120 0.121
E151A | 2.870 2.269 2.965 2.860 0.359 0.337
E151L | 3.365 3.289 4.446 4.007 0.218 0.251
E151S | 5.187 4.591 5.987 6.262 0371 0.294
E151T | 2.442 3.000 3.134 3.309 0.000 0.000
E151V | 3.998 4.247 4.459 4232 0.326 0.314
EI51W | 7.166 14248 11.352 13.524 0.131 0.121
K152T | 1.204 1.377 1.796 1.883 0.100 0.067
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TABLE 11: Absolute Hyaluronidase Activity
Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)

KI152W | 2.084 1.795 2.549 2.406 0.063 0.069
E158S | 0.339 0.397 0.451 0.407 0.000 0.000
K162E | 0.168 0.195 0.114 0.080 0.004 0.024
L165F | 4.775 5.250 5.075 5.075 0.600 0.725
V166Q | 1.883 2.507 2.937 2.958 0.392 0.324
V166T | 0.993 1.315 1.821 1.800 0.231 0.235
E167D | 0.811 0.910 1.109 1.480 0.111 0.056
I1169L | 1.812 1.796 2.540 2.196 0.335 0.341
KI170R | 1.578 2.054 2.536 1.995 0.209 0.201
G172A | 0413 0.581 0.692 0.777 0.052 0.056
KI173R | 1.654 1.551 1.766 2.083 0.173 0.156
L174G | 0.184 0.087 0.210 0.230 0.026 0.031
L174N | 1.616 2.276 2.494 2.872 0.331 0.543
L174T | 0.552 0.566 0.689 0.820 0.090 0.050
N178K | 2.931 4.375 4.891 4513 0.258 0.362
N178R | 8.160 13.820 16.287 20.033 0.665 0.790
H193Q | 1.060 1.367 2.264 1.888 0.346 0.346
K195T | 1.227 0.806 1.548 1911 0.348 0.292
KI195N | 1.266 1.437 1.649 1.385 0.369 0.353
K196E | 0.732 0.660 0.663 1.017 0.244 0.239
K196R | 2.246 2.285 2.383 2.174 0.315 0.384
F204P | 3.500 4.550 2.925 3.750 2475 4.725
N205A | 0.515 0.837 0.717 0.854 0.153 0.160
N205E | 1.011 2.004 1.627 1.870 0314 0.346
N205L | 1.084 1.029 1.165 0.000 0.123 0.088
N205T | 0.295 0.367 0.428 0.406 0.043 0.053
V2061 | 0.317 0.508 0.600 0.565 0.079 0.088
K209R | 2.041 2.453 2.445 1.951 0.291 0.077
D212N | 5.568 4.549 6.271 6.016 0.167 0.322
D212S | 1.987 1.502 2.442 2222 0.204 0.152
D213A | 0.235 0.283 0.432 0.438 0.116 0.060
D213M | 1.664 2.080 2.650 2.046 0.181 0.142
S215H | 2.448 3.056 2.670 2414 0.268 0.139
S215M | 1.497 2.175 2.618 1.630 0.110 0.146
N219I | 0.338 0.250 0.860 0.728 0.076 0.082
E220V | 3.783 3.828 4.993 4.349 0.371 0.257
T222G | 3.528 5.262 5.399 5.549 0.033 0.044
T232F | 0.539 1.242 0.716 0.781 0.089 0.153
Q233G | 0.041 0.095 0.115 0.121 0.000 0.000
Q234M | 6.029 6.031 5.764 4871 1.286 0.988
S235A | 0.550 0.502 0.714 0.607 0.079 0.073
V237C | 0.623 0.708 0.860 0.824 0.000 0.000
V237H | 0.303 0.316 0.370 0.459 0.046 0.034
V237T | 0.152 0.196 0.254 0.247 0.054 0.053
A238E | 2.050 1.800 1.945 2.559 0.159 0.171
A238H | 0.579 0.363 0.345 0.743 0.090 0.062
T240A | 1.107 0.900 1.564 1.302 0.143 0.118
T240Q | 0.333 0.510 0.542 0617 0.080 0.085
R248A | 2.274 2.499 2.575 3.115 0.027 0.075
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TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
E249V | 3.001 3.894 4.284 4.325 0.655 0.712
P257G | 3.981 4.452 4 985 5.022 0.039 0.034
K260M | 0.719 0.960 0.839 0.935 0.072 0.068
S261A | 3.253 3.117 1.872 2.686 1.264 1.451
S261K | 6.089 5.421 9.860 6.297 1.583 1.437
S261N | 14.149 40.257 20.219 14.303 2.115 1.917
A267T | 0.052 0.095 0.102 0.106 0.036 0.041
F273H | 0.340 0.436 0.417 0519 0.025 0.031
F273Y | 0.558 0.505 0.668 0.519 0.052 0.050
Q276H | 2.706 1.877 2.027 1.997 0.181 0.201
Q276M | 0.775 0.768 0.762 0.806 0.043 0.000
Q276R | 6.080 9.717 7.383 14.593 0.807 1.281
Q276S | 1.353 1.212 1.497 1.681 0.149 0.147
V277A | 1.202 1.643 1.692 2.129 0.118 0.110
V277E | 2.440 2.340 4.289 4577 0.161 0.239
V277H | 5.548 5.302 7.181 7.300 0.227 0.512
V277K | 8.950 8.996 33.627 33.627 4.442 4.045
V277M | 1.279 1.622 1.754 1.818 0.264 0.270
V277N | 14.351 4.306 12.865 11.772 0.938 0.796
V277Q | 5.459 5.461 6.547 6.343 0.373 0.493
V277R | 18.300 12.038 17.581 20.641 2.737 2.023
V277S | 14.351 10.444 9.509 15.135 0.727 0.716
V277T | 8.412 7.804 8.497 11.184 0.679 0.871
L278E | 4416 2.795 3.330 2.800 0.170 0.202
L278G | 7.502 7.456 9.173 7.760 0.596 0.612
K279H | 0.888 1.087 1.234 1.339 0.185 0.269
V287T | 0.580 0.667 0.843 0.832 0.139 0.100
T289S | 0.783 1.019 0.819 1.001 0.008 0.007
G291S | 0.227 0.322 0.419 0.385 0.051 0.016
G291V | 3.662 3.707 4.131 5.599 0.821 0.706
E292C | 1.344 1.599 1.711 1.617 0.138 0.144
E292F | 6.106 4.697 8.422 6.216 0.520 0.363
E292H | 2.620 3.316 4.458 3.830 0.389 0.451
E292R | 2.810 2.178 3.155 2.829 0.398 0.339
E292V | 0.891 1.121 1.453 1.494 0.193 0.177
T293A | 1.986 3.110 2.546 1.789 0.086 0.076
A298G | 0.161 0.274 0.342 0.236 0.030 0.022
L307G | 0.616 0.661 0.726 0.605 0.000 0.000
S308D | 0.264 0.325 0.337 0.344 0.014 0.010
S308K | 0.651 0.722 0.826 0.716 0.011 0.000
S308N | 3.995 4.406 6.808 6.128 0.386 0.362
I309E | 3.166 2.819 3.921 3.663 0.637 0.528
1309G | 6.651 5.429 6.824 6.194 0.503 0.400
I1309L | 0.326 0.403 0.501 0.431 0.048 0.047
I1309M | 2.809 2.473 3.467 3.383 0.278 0.239
I309N | 4.865 5.191 5.444 5.054 0.380 0.327
1309S | 10.719 28.759 18.217 158.604 0.748 1.367
1309T | 3.052 2.509 2.989 3.735 0.228 0.207
1309V | 1.705 1.292 1.929 1.787 0.029 0.062
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TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
M310G | 4.514 6.397 7.568 7.084 0.866 0915
M310Q | 3.648 3.179 3.912 3.380 1.088 0.955
M313G | 0.252 0.325 0.348 0.355 0.034 0.036
M313H | 3.767 5276 10.243 10.395 0.380 0.404
M313K | 12.689 12.122 15.085 12.984 0.129 0.072
M313P | 4.050 2951 4.198 3919 0.209 0.177
M313R | 4.634 10.863 7.288 3.568 0.337 0.296
M313T | 2.903 4.474 4.705 4.467 0331 0.313
M313Y | 1.063 1.262 1.276 1.300 0.096 0.089
K314S | 2.848 4.450 4.042 5.879 0.391 0.533
K314Y | 0.093 0.131 0.226 0.182 0.013 0.020
S315A | 1472 1.082 1.345 1.484 0.222 0.148
S315H | 2.412 3.242 3.648 3414 0.440 0.371
S315Y | 0.279 0.626 0.477 0.362 0.146 0.143
L317A | 3.254 2.845 4.019 3.776 0.280 0.317
L3171 | 1.078 1.524 2.021 1.687 0.257 0.180
L317K | 12.129 9.382 11.668 12.591 0.402 0.445
L317N | 2.907 3.066 3.703 3.717 0.445 0.540
L317R | 8.631 15.187 20.585 15.106 0.796 0.857
L317S | 11.586 29.267 10.535 25.114 1.637 1.613
L317T | 1.338 1.073 1.953 1.656 0.136 0.018
L317W | 0.810 1.128 1.326 1.665 0.158 0.171
L318D | 1.750 1.970 1.847 1.930 0.322 0.322
L318H | 1.073 0.806 1.072 1.005 0.046 0.074
L318R | 2.856 3.464 4583 4.187 0.258 0.260
N321IR | 3.069 4.409 5.059 4.946 0.482 0.426
N321S | 0.683 0.710 0.700 0.772 0.058 0.035
E324N | 4.309 2.530 4.508 3.321 0.348 0.303
T325E | 1.071 1.270 1.337 1.352 0.193 0.143
N328G | 0.379 0.504 0.747 0.553 0.031 0.040
N328Y | 2.629 4.543 4.758 4.543 0.490 0.477
T335S | 0.905 0.787 0.977 0.986 0.113 0.062
Q347A | 8.316 11.961 8.432 11.508 0918 1.266
Q347G | 1.358 1.120 3.021 2.319 0.253 0.209
Q349M | 1.493 1.629 1.486 1.760 0.178 0217
Q349R | 0.451 0.572 0.663 0.598 0.078 0.079
V3518 | 1.379 1.633 1.804 1.647 0.000 0.000
1353V | 2.335 1.954 3.090 2.697 0.323 0.321
N356H | 0.445 0.451 0.445 0.588 0.038 0.023
N356S | 0.262 0.253 0.136 0318 0.000 0.008
S359E | 2.616 2.635 3.547 3.560 0.382 0.333
S359H | 0.403 0.371 0.445 0.374 0.000 0.000
P367A | 0.643 0.782 1.074 0.996 0.139 0.131
P367G | 0.593 0.530 0.686 0.650 0.000 0.000
P367K | 0.707 0.767 0.890 0513 0.045 0.052
P367S | 3.967 3.478 2.946 3.073 0.424 0.505
D368A | 1.762 2.321 2.143 1.895 0.031 0.040
D368E | 3.464 4.944 5.772 4.842 0.530 0.555
D368L | 0.557 0.566 0.607 0.619 0.000 0.006
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TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
D368M | 0.861 1.065 1.031 1.104 0.028 0.028
D368R | 4.503 5.270 7.418 6.226 0.754 0.735
D368T | 2.345 1.993 2.512 2.525 0.072 0.085
N369R | 1.548 2.719 2.503 2.022 0.160 0.125
A371F | 2.760 5.207 4.974 3.980 0.308 0.222
A371H | 8.101 86.587 77.531 77.531 1.403 1.316
A371H | 3.509 4.058 3.900 3.879 0.000 0.334
A371K | 2.903 3.546 3.963 4.055 0.509 0.505
A371L | 11.018 40.668 76.587 43.516 1.159 0.964
A371L | 3.328 3.445 3.472 2.075 0.000 0.025
A371R | 25.855 25.855 n/a n/a 2.851 3.634
A371R | 6.592 7.733 7.987 7.576 0.000 0.196
A371S | 3.329 3.505 4916 4611 0412 0.781
L374P | 2.939 7.129 11.522 8.771 0.665 0.646
E375A | 0.627 0.507 0.557 0.683 0.000 0.014
E375G | 1.596 1.299 2.025 1.806 0.209 0.265
E375R | 0.937 1.132 1.529 1.318 0.201 0.260
K376D | 0.458 0.312 0.518 0515 0.064 0.026
K376E | 1.572 1.094 1.572 1.674 0.213 0.174
K376Q | 0.727 0.940 0.910 0.846 0.116 0.102
K376R | 2.086 1.351 1.704 2.690 0.539 0.279
K376T | 0.847 1.001 1.026 1.135 0.153 0.064
K376V | 0.834 0.861 1.036 1.021 0.033 0.026
K376Y | 1.316 0.777 1.353 0.747 0.125 0.097
G377D | 1.159 1.332 1.285 1.763 0.202 0.186
G377E | 0.877 0.926 1.144 1.189 0.092 0.088
G377H | 3.037 3.432 4.460 3.598 0.372 0.364
G377K | 3.445 4.101 6.405 4911 0.283 0.245
G377R | 1.096 1.257 1.312 1.191 0.077 0.085
G377S | 0453 0.452 0.492 0.457 0.034 0.036
G377T | 2.198 2.313 2.474 2522 0.424 0.461
F380W | 17.497 27.987 25.734 29.353 2.566 2.716
T381S | 2.861 3.161 3.886 3.558 0.521 0.367
R3831 | 1.959 6.936 10.340 6.820 0.655 0.513
R383S | 2.429 2.548 3.228 3.044 0.339 0.321
K385A | 0.479 0.669 0.604 0.754 0.028 0.000
K385Q | 1.746 2.089 2.403 2.609 0217 0.196
K385V | 1.232 1.750 1.387 1.410 0.071 0.042
E389A | 6.872 10.944 21.081 24.610 0.449 0.449
E389G | 0.166 0.203 0.188 0.284 0.004 0.000
E389L | 1.814 2.142 2.598 2.403 0.370 0.303
E389Q | 2.547 3.432 3.459 3.423 0411 0.437
E389S | 1.847 2.640 3.059 2.456 0.000 0.007
E392A | 1.797 1.370 2.021 2.133 0.147 0.136
E392F | 1.575 1.407 1.821 2.023 0.071 0.079
E392Q | 5.826 4.653 6.583 4364 0.693 0.729
E392R | 4.555 5.306 5.900 6.548 0218 0.193
E392V | 3.817 2.936 4.747 4.544 0.367 0.291
Q393F | 1.754 2.186 2.455 2222 0.260 0.226
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TABLE 11: Absolute Hyaluronidase Activity

Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
Q393M | 1.252 1.826 1.749 1.588 0.028 0.049
S395A | 4.220 6.127 8.788 6.906 1.141 0.856
S395H | 1.609 2.261 2.574 2.564 0.323 0.268
E396A | 1.135 1.184 1.497 1.524 0.126 0.149
E396H | 0.357 0.532 0.751 0.684 0.069 0.022
E396Q | 1.310 1.625 1611 1.559 0.162 0.160
E396S | 3.375 5.709 5.274 6.380 0.146 0.129
Y399T | 2.538 3.250 3313 3.989 0.000 0.002
Y399V | 2.738 2.697 3.028 3.129 0.484 0.557
Y399W | 1.400 1.883 1.715 1.946 0.236 0.233
S401A | 2.636 3.171 3.216 3.148 0.447 0.410
S401E | 1.685 1.601 2.110 2.060 0.344 0.309
S404A | 1.288 1.635 1.924 1.724 0.000 0.019
L406F | 0.706 0.490 0.867 0.716 0.000 0.000
L406N | 0.617 0.795 0.943 1.044 0.060 0.070
S407A | 2.428 2.949 3.432 3.255 0.389 0.548
S407D | 2.090 5.790 5.038 5.682 0.569 0.575
S407P | 2.660 2.708 3.812 3.301 0.261 0.366
A412Q | 2.001 2.918 2.925 2.902 0.279 0.247
A412R | 4.562 5.132 6.390 6.347 0.570 0.596
A412V | 2.581 3.451 3.789 3.511 0.189 0.189
D416L | 0.610 0.817 0.737 1.043 0.130 0.160
D418R | 4.541 4.847 5.347 5.438 0.406 0.583
A419H | 10.409 20.311 25.109 38.221 2214 2.293
A419K | 12.835 10.298 24.536 208.289 2556 3.173
D421A | 5.968 5.617 6.094 16.940 0.761 0.764
D421H | 48.012 48.012 160.106 32481 16.300 28.113
D421K | 5.527 5.225 6.864 5.346 0.523 0.725
D421IN | 9.060 8.635 10.039 8.645 1.502 1.422
D421Q | 7.529 5.581 7.858 8.016 0.842 0.994
D421R | 6.637 5.463 9211 7.537 0.815 0.737
D421S | 5.556 5.355 7.899 8.898 0.869 0.762
A425G | 10.421 8.827 7.796 10.676 0.827 1.189
G427Q | 1.008 1.252 1.342 1.230 0.031 0.106
G427T | 1.330 1.380 1.664 1.643 0.080 0.065
V428L | 2.138 2.769 2.930 3.029 0.053 0.030
D431E | 2.810 2.220 1.972 2.112 0519 0.438
D431H | 2.154 3.185 4.017 3.028 0.294 0.301
D431K | 8.123 16.953 19.563 11.575 2272 2.339
D431L | 1.211 1.215 1.564 1.448 0.164 0.170
D43IN | 11.819 12.063 16.358 15.131 1.601 1.399
D431Q | 6.077 9.828 14.157 10.760 1.533 1.153
D431S | 14.523 10.220 11.338 9.075 0.853 0.829
F433A | 4.035 4.673 5.943 4.649 0.581 0.595
F433H | 1.836 2.397 2.574 2.108 0.347 0.356
F4331 | 2.754 2.643 2.990 2.299 0.338 0.382
F433K | 17.815 14.495 16.240 49.615 1.806 1.790
F433R | 8.198 6.719 10.572 8.960 1.113 0.857
F433T | 6.005 5.941 9.716 8.019 1.327 1.542
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TABLE 11: Absolute Hyaluronidase Activity
Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
F433V | 10.645 7.762 150.315 8.696 2415 1.505
F433W | 0.526 0.795 0.784 0.903 0.082 0.068
P4371 | 0.759 0.996 1.130 1.066 0.027 0.019
MA438A | 1.996 1518 2.125 2.060 0214 0.210
M438D | 2.849 2.522 3.002 2.857 0.305 0.074
MA438E | 4.681 4.992 5.386 5.680 0431 0.518
M438L | 10.127 5.268 6.663 11.324 0.670 0.739
M438N | 6.172 5.531 8.050 5.568 0.649 0.662
M438T | 2.218 2411 2.308 2.500 0.309 0.304
E439A | 3.557 4.432 4.883 4235 0.568 0.596
E439A | 1.099 0.998 1.694 1.470 0.080 0.109
E439C | 0.148 0.256 0.286 0.286 0.042 0.045
E439K | 0.466 0.588 0.580 0.616 0.077 0.065
E439P | 2.868 3.736 3.394 3.267 0.529 0.490
E439Q | 1.070 0.848 1.087 1.080 0.116 0.115
E439T | 1.965 1.889 2.179 2323 0.313 0.263
T440D | 4.148 4.443 4.931 3.533 0.568 0.651
T440H | 2.317 1.982 3.297 2.595 0.147 0.196
T440M | 3.397 3.305 2.878 2.873 0.254 0.367
T440P | 3.562 3.593 3.987 3277 0.540 0.566
T440S | 2.522 2.207 2.533 2.895 0.283 0.284
E441F | 1.402 1.407 1.813 1.560 0.204 0.178
E442G | 2.871 3.340 3.193 3.347 0327 0.367
P443E | 0.907 0.710 0.856 0.928 0.044 0.063
P443F | 1.830 2.370 2.683 2321 0.301 0.286
P443G | 4.077 2.921 9.751 4614 0.835 0.756
Q444E | 8.293 3.861 6.800 6213 0.581 0.594
Q444H | 3.823 3.936 5.746 4.710 0.486 0.513
Q444V | 2.193 2.107 2.847 2.583 0.384 0.284
1445M | 5.265 4.438 4.480 4.489 0.773 0.691
1445N | 3.375 4.024 3.592 3.515 0.499 0.455
1445W | 2.289 2.694 2.683 2.695 0314 0.296
Y447E | 2.373 2.464 2.363 2.685 0.391 0.345
Y447G | 0.945 1.352 1.358 1.401 0.187 0.162
Y447P | 0.991 1.383 1.379 1.490 0.190 0.183
2919 2.173 2.773 2.105 0.145 0.178
3.984 4.463 4.215 4823 0.189 0.253
3 2.725 3 3.325 0.1 0.125
2.501 2.883 2.370 3.158 0.452 0.522
7.629 2.989 10.835 3.914 0.485 0.219
.. 5.783 5.356 2.609 3.643 0.542 0.402
F(’:‘(’)Sr:ttgf 5.279 5.422 2.815 4.026 0.618 0.401
(OHO) 4.775 4.385 2.845 3.327 0.718 0.540
3.617 4264 3.322 3.427 0.633 0.479
5.881 4511 5.518 4359 0.743 0.848
6.754 4932 3.902 4.120 0.665 0.724
3911 3.494 3911 5.179 0.726 0.841
5.406 7.559 4.018 4.620 0.735 0.429
4.015 3.887 3.9400 3.4080 0.3340 0.3410
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TABLE 11: Absolute Hyaluronidase Activity
Mutant No incubation 37 °C no cresol 37 °C with m-cresol (37
4 °0O) (37 °C) °C plus m-cresol)
2.604 2.339 2.4430 2.3910 0.2350 0.2330
3.736 3.473 3.6210 3.0560 0.3100 0.2770
3.759 3.509 3.6330 3.0490 0.3600 0.3030
n/a (not available; e.g., beyond detection limit)
TABLE 12: Percent (%) Activity
duplicate 1 duplicate 2
% activity %o activity % activity %o activity %o activity % activity
at 37°C+m- |[37°C+m- | at 37°C+m- | 37°C +m-
37°C/4°C | cresol/37 cresol/4 °C | 37°C/4°C | cresol/37 cresol/4 °C
°C °C
LOOIA | 117.908 8.13 9.59 127.997 9.179 11.75
LOOIE | 107.231 13.14 14.09 125.207 10.727 13.43
LO01G | 171.264 9.23 15.80 115.952 4 586 5.32
L0O01Q | 119435 10.13 12.09 88.763 11.121 9.87
LOOIR | 117.366 6.96 8.17 160.410 5.623 9.02
POO6A | 137.875 9.88 13.63 108.946 12.446 13.56
VOOSM | 134.884 0.00 0.00 119.772 0.477 0.57
1009Q | 104.922 6.61 6.94 124.934 6.303 7.87
P0O10G | 109.772 15.00 16.47 121.986 16.570 20.21
POIOH | 131.924 0.00 0.00 112.990 0.000 0.00
NO11S | 152.320 7.16 10.90 131.289 5.067 6.65
VOI12E | 48.208 14.18 6.33 100.163 16.896 16.92
VOI12I | 128.745 2.94 3.78 170.812 1.371 2.34
VOI2K | 146.600 13.31 19.52 114.264 14.311 16.35
F014V | 154.167 1.35 2.08 146.667 0.000 0.00
LOISM | 113.747 1.66 1.88 83.970 1.887 1.58
A020S | 188.889 14.64 27.64 118.821 15.153 18.00
S022T | 111.203 20.27 22.54 86.404 22.854 19.75
L026M | 136.775 11.05 15.11 138.989 10.446 14.52
KO028R | 110.487 10.74 11.86 109.467 10.270 11.24
FO29R | 154.644 7.58 11.72 121.707 7.613 9.27
F029S | 118.119 7.01 8.28 97.400 8.037 7.83
F029T | 126.740 11.96 15.16 120.619 10.266 12.38
P032C | 128.649 1.26 1.62 127.446 7.491 9.55
L033G | 121.201 0.15 0.18 89.571 4.147 3.71
DO034W | 146.765 15.23 22.35 146.729 14.650 21.50
MO35V | 81.285 16.09 13.08 102.034 3.528 3.60
S036H | 106.222 9.93 10.55 150.931 2.291 3.46
S036N | 112.045 19.15 21.46 92.069 30.268 27.87
LO37M | 79.268 10.77 8.54 87.376 9.065 7.92
FO40L | 135.036 7.88 10.64 105.252 8.703 9.16
1046L | 132.507 12.79 16.95 112.944 16.667 18.82
NO047D | 115.797 1.24 1.44 111.869 0.796 0.89
NO047W | 104.703 0.00 0.00 109.880 3.728 4.10
AO048N | 114.954 5.59 6.43 51.931 3.778 1.96
TO49R | 122.704 5.81 7.13 90.760 5.363 4.87
GO50D | 93.824 7.85 7.36 95.934 8.742 8.39
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TABLE 12: Percent (%) Activity

duplicate 1

duplicate 2

% activity

% activity

% activity

% activity

% activity

% activity

at 37°C+m- [ 37°C+m- | at 37°C+m- | 37°C +m-
37°C/4°C | cresol/37 cresol/4 °C | 37 °C/4 °C | cresol/37 cresol/4 °C
°C °C
GO50M | 157.686 8.99 14.18 139.048 12.115 16.85
GO52N | 96.148 15.98 15.37 142.502 7.748 11.04
GO052T | 116.407 21.23 24.71 117.075 32.310 37.83
G052S | 98.513 23.49 23.14 98.199 28.833 28.31
V058C | 92.507 16.05 14 .85 99.162 16.141 16.01
V058K | 217914 38.66 84.24 217914 38.655 84.24
V0358R | 96.905 56.55 54.80 102.858 65.305 67.17
V058N | 129.167 12.90 16.67 129.787 11.475 14.89
V058Y | 102.981 36.23 37.31 141.299 41.728 58.96
V058Q | 154.383 8.49 13.11 293.510 4.804 14.10
vossp | 83.304 21.15 17.62 173.652 17.262 29.98
VO058H | 200.264 10.88 21.79 181.750 13.067 23.75
D068P | 99.070 0.47 0.47 83.721 102.222 85.58
S069T | 138.609 10.82 15.00 122.579 8.985 11.01
1070P | 101.713 0.77 0.78 99.749 2.014 2.01
1070V | 170.462 13.97 23.82 136.849 10.885 14.90
V073Q | 121.337 6.51 7.90 107.094 8.186 8.77
VO073R | 137931 2.50 3.45 100.125 7.338 7.35
TO74E | 133.241 17.22 22.94 100.965 16.172 16.33
T074M | 115.290 12.04 13.88 103.629 10.765 11.16
TO74N | 91.870 10.96 10.06 157.218 6.811 10.71
TO74P | 108.323 12.24 13.26 166.227 10.008 16.64
TO74R | 80.681 7.44 6.01 130.000 2.158 2.80
T074V | 115.093 7.40 8.52 114.063 5.479 6.25
VO075M | 134.460 0.24 0.33 121.527 2.120 2.58
KO082L | 114.758 20.79 23.86 251.869 10.721 27.00
KO082N | 106.059 2332 24.73 95.104 26.541 25.24
1083V | 140.151 29.88 41.88 137.296 28.133 38.63
1083Q | 112.163 27.02 30.30 188.798 13.881 26.21
1083S | 104.637 26.70 27.94 95351 26.667 2543
1083G | 106.239 22.54 23.95 76.381 32.208 24 .60
SO084E | 124.762 6.27 7.82 113.410 6.833 7.75
SO084F | 83.2901 2.55 2.12 91.007 0.000 0.00
SO084N | 144.922 18.27 26.47 131.144 22.092 28.97
S084R | 119.873 10.92 13.09 203.099 4.977 10.11
QO086A | 136.516 14.24 19.43 156.132 9.728 15.19
QO086H | 102.612 7.14 7.33 129.600 5.015 6.50
Q086K | 99.213 25.40 25.20 65.455 31.944 2091
Q086S | 100.435 6.81 6.84 103.218 11.215 11.58
QO086T | 93.837 10.24 961 179.465 8.900 15.97
D087G | 81.742 151 1.23 90.579 6.190 5.61
DOS7L | 106.039 14.76 15.65 101.493 12.938 13.13
D087M | 110.964 7.61 8.44 87.656 16.438 14.41
D087S | 134.031 8.15 10.92 139.728 6.445 9.01
D087V | 114.107 9.14 10.43 87.023 15.922 13.86
DO90E | 92910 14.26 13.25 161.281 6.221 10.03
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°C °C
DO90ON | 111.060 12.14 13.48 98.631 10.596 10.45
K093Q | 91.008 5.82 5.30 95.448 6.646 6.34
KO093R | 103.617 11.70 12.12 99.301 16.362 16.25
K094D | 86.544 6.52 5.64 102.107 9.897 10.11
K094R | 125373 8.96 11.23 108.690 9.905 10.77
TO97C | 165.152 8.07 13.33 81.715 17.228 14.08
TO97D | 123.654 8.55 10.58 117.522 10.994 12.92
TO97E | 127.190 15.57 19.80 115.106 16.143 18.58
TO97L | 118.465 23.10 27.36 103.589 24.174 25.04
N104R | 114.673 9.70 11.12 118.421 8.530 10.10
A120H | 94.107 8.28 7.80 113.015 6.903 7.80
D127R | 56.439 70.47 39.77 58.702 34.171 20.06
V1281 | 113.654 10.97 12.47 102.656 14.819 15.21
N131M | 177.000 1.86 3.29 76.888 2.811 2.16
NI31IR | 94.253 21.30 20.07 95.930 19.376 18.59
N131V | 137.681 10.22 14.07 104.920 10.907 11.44
R132L | 98.578 10.34 10.19 91.685 14.498 13.29
QI138L | 107.831 2545 27.44 91.627 22.814 20.90
Q140K | 176.600 10.93 19.30 109.815 12.522 13.75
NI141R | 103411 435 4.50 115.682 2.292 2.65
N141S | 131.758 4.66 6.13 109.527 5.529 6.06
N141W | 130.644 5.19 6.78 104.783 6.391 6.70
V142D | 114.185 4.39 5.02 146.066 2.098 3.06
V142G | 117.686 13.21 15.55 90.256 13.510 12.19
V142K | 109.485 14.77 16.17 154.599 15.621 24.15
V142N | 155.556 15.33 23.84 103.880 14.771 15.34
V142P | 166.998 1391 23.23 97.338 15.397 14.99
V142Q | 149.666 8.90 13.32 99.957 9.830 9.83
VI142R | 149.441 12.38 18.50 103.622 12.272 12.72
V142S | 170.778 8.73 14.92 117.035 16.900 19.78
V142T | 223.936 11.48 25.70 123.650 11.709 14.48
Q143G | 143.600 13.88 19.94 98.837 16.096 15.91
Q143K | 200.468 14.32 28.70 136.421 20.747 28.30
L144R | 136.247 10.71 14.59 111.482 10.182 11.35
L144T | 129.746 14.68 19.05 108.923 11.961 13.03
L146P | 116.626 1.15 1.34 115.601 3.429 3.96
T147S | 142.175 3.93 5.59 130.287 2.605 3.39
T150N | 140.724 6.27 8.82 116.923 6.725 7.86
T150S | 107.327 6.40 6.87 142.000 6.087 8.64
E151A | 103.310 12.11 12.51 126.047 11.783 14 .85
E151L | 132.125 4.90 6.48 121.830 6.264 7.63
E151S | 115423 6.20 7.15 136.397 4.695 6.40
E151T | 128.337 0.00 0.00 110.300 0.000 0.00
E151V | 111.531 7.31 8.15 99.647 7.420 7.39
E151W | 158415 1.15 1.83 94.919 0.895 0.85
KI152T | 149.169 5.57 8.31 136.747 3.558 4.87
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37°C/4 °C cresol/37 cresol/4 °C | 37 °C/4 °C cresol/37 cresol/4 °C
°C °C
K152W | 122.313 2.47 3.02 134.039 2.868 3.84
E158S | 133.038 0.00 0.00 102.519 0.000 0.00
K162E | 67.857 3.51 2.38 41.026 30.000 12.31
L165F | 106.283 11.82 12.57 96.667 14.286 13.81
V166Q | 155975 13.35 20.82 117.990 10.953 12.92
V166T | 183.384 12.69 23.26 136.882 13.056 17.87
E167D | 136.745 10.01 13.69 162.637 3.784 6.15
1169L 140.177 13.19 18.49 122.272 15.528 18.99
K170R | 160.710 8.24 13.24 97.128 10.075 9.79
G172A | 167.554 7.51 12.59 133.735 7.207 9.64
K173R | 106.771 9.80 10.46 134.300 7.489 10.06
L174G | 114.130 12.38 14.13 264.368 13.478 35.63
L174N | 154.332 13.27 20.48 126.186 18.907 23.86
L174T | 124.819 13.06 16.30 144.876 6.098 8.83
NI178K | 166.871 5.27 8.80 103.154 8.021 8.27
N178R | 199.596 4.08 8.15 144 957 3.943 5.72
H193Q | 213.585 15.28 32.64 138.113 18.326 25.31
K195T | 126.161 2248 28.36 237.097 15.280 36.23
K195N | 130.253 2238 29.15 96.381 25.487 24.57
K196E | 90.574 36.80 33.33 154.091 23.500 36.21
K196R | 106.100 13.22 14.02 95.142 17.663 16.81
F204P | 83.571 84.62 70.71 82.418 126.000 103.85
N205A | 139.223 21.34 29.71 102.031 18.735 19.12
N205E | 160.930 19.30 31.06 93.313 18.503 17.27
N205L | 107472 10.56 11.35 0.000 #DIV/0! 8.55
N205T | 145.085 10.05 14.58 110.627 13.054 14.44
V2061 | 189.274 13.17 24.92 111.220 15.575 17.32
K209R | 119.794 11.90 14.26 79.535 3.947 3.14
D212N | 112.626 2.66 3.00 132.249 5.352 7.08
D212S | 122.899 8.35 10.27 147.936 6.841 10.12
D213A | 183.830 26.85 49.36 154.770 13.699 21.20
D213M | 159.255 6.83 10.88 98.365 6.940 6.83
S215H | 109.069 10.04 10.95 78.992 5.758 4.55
S215M | 174.883 4.20 7.35 74.943 8.957 6.71
N2191 | 254.438 8.84 22.49 291.200 11.264 32.80
E220V | 131.985 7.43 9.81 113.610 5.909 6.71
T222G | 153.033 0.61 0.94 105.454 0.793 0.84
T232F | 132.839 12.43 16.51 62.882 19.590 12.32
Q233G | 280.488 0.00 0.00 127.368 0.000 0.00
Q234M | 95.605 2231 21.33 80.766 20.283 16.38
S235A | 129.818 11.06 14.36 120.916 12.026 14.54
V237C | 138.042 0.00 0.00 116.384 0.000 0.00
V237H | 122.112 12.43 15.18 145.253 7.407 10.76
V237T | 167.105 21.26 35.53 126.020 21.457 27.04
A238E | 94.878 8.17 7.76 142.167 6.682 9.50
A238H | 59.585 26.09 15.54 204.683 8.345 17.08
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°C °C
T240A | 141.283 9.14 12.92 144.667 9.063 13.11
T240Q | 162.763 14.76 24.02 120.980 13.776 16.67
R248A | 113.237 1.05 1.19 124.650 2.408 3.00
E249V | 142.752 15.29 21.83 111.068 16.462 18.28
P257G | 125220 0.78 0.98 112.803 0.677 0.76
K260M | 116.690 8.58 10.01 97.396 7.273 7.08
S261A | 57.547 67.52 38.86 86.173 54.021 46.55
S261K | 161.931 16.05 26.00 116.159 22.820 2651
S261IN | 142.901 10.46 14.95 35.529 13.403 4.76
A267T | 196.154 35.29 69.23 111.579 38.679 43.16
F273H | 122.647 6.00 7.35 119.037 5.973 7.11
F273Y | 119.713 7.78 9.32 102.772 9.634 9.90
Q276H | 74.908 8.93 6.69 106.393 10.065 10.71
Q276M | 98.323 5.64 5.55 104.948 0.000 0.00
Q276R | 121431 10.93 13.27 150.180 8.778 13.18
Q276S | 110.643 9.95 11.01 138.696 8.745 12.13
V277A | 140.765 6.97 9.82 129.580 5.167 6.70
V277E | 175.779 3.75 6.60 195.598 5222 10.21
V277H | 129.434 3.16 4.09 137.684 7.014 9.66
V277K | 375.721 13.21 49.63 373.799 12.029 44.96
V277M | 137.138 15.05 20.64 112.084 14.851 16.65
V277N | 89.645 7.29 6.54 273.386 6.762 18.49
V277Q | 119.930 5.70 6.83 116.151 7.772 9.03
V277R | 96.071 15.57 14.96 171.465 9.801 16.81
V277S | 66.260 7.65 5.07 144 916 4.731 6.86
V277T | 101.010 7.99 8.07 143.311 7.788 11.16
L278E | 75.408 5.11 3.85 100.179 7.214 7.23
1L278G | 122274 6.50 7.94 104.077 7.887 8.21
K279H | 138.964 14.99 20.83 123.183 20.090 24.75
V287T | 145.345 16.49 23.97 124.738 12.019 14.99
T289S | 104.598 0.98 1.02 98.234 0.699 0.69
G291S | 184.581 12.17 22.47 119.565 4.156 4.97
G291V | 112.807 19.87 22.42 151.039 12.609 19.05
E292C | 127.307 8.07 10.27 101.126 8.905 9.01
E292F | 137.930 6.17 8.52 132.340 5.840 7.73
E292H | 170.153 8.73 14.85 115.501 11.775 13.60
E292R | 112.278 12.61 14.16 129.890 11.983 15.56
E292V | 163.075 13.28 21.66 133.274 11.847 15.79
T293A | 128.197 3.38 4.33 57.524 4.248 2.44
A298G | 212.422 8.77 18.63 86.131 9.322 8.03
1L.307G | 117.857 0.00 0.00 91.528 0.000 0.00
S308D | 127.652 4.15 5.30 105.846 2.907 3.08
S308K | 126.882 1.33 1.69 99.169 0.000 0.00
S308N | 170.413 5.67 9.66 139.083 5.907 8.22
I309E | 123.847 16.25 20.12 129.940 14.414 18.73
1309G | 102.601 7.37 7.56 114.091 6.458 7.37
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I309L | 153.681 9.58 14.72 106.948 10.905 11.66
1309M | 123.425 8.02 9.90 136.797 7.065 9.66
I309N | 111.901 6.98 7.81 97.361 6.470 6.30
1309S | 169.951 4.11 6.98 551.493 0.862 4.75
1309T | 97.936 7.63 7.47 148.864 5.542 8.25
1309V 113.138 1.50 1.70 138.313 3.470 4 .80
M310G | 167.656 11.44 19.18 110.739 12.916 14.30
M310Q | 107.237 2781 29.82 106.323 28.254 30.04
M313G | 138.095 9.77 13.49 109.231 10.141 11.08
M313H | 271914 3.71 10.09 197.024 3.886 7.66
M313K | 118.882 0.86 1.02 107.111 0.555 0.59
M313P | 103.654 4.98 5.16 132.802 4516 6.00
M313R | 157.272 4.62 7.27 32.845 8.296 2.72
M313T | 162.074 7.04 11.40 99.844 7.007 7.00
M313Y | 120.038 7.52 9.03 103.011 6.846 7.05
K314S | 141.924 9.67 13.73 132.112 9.066 11.98
K314Y | 243.011 5.75 13.98 138.931 10.989 15.27
S315A | 91.372 16.51 15.08 137.153 9.973 13.68
S315H | 151.244 12.06 18.24 105.305 10.867 11.44
S315Y | 170.968 30.61 52.33 57.827 39.503 22.84
L317A | 123.510 6.97 8.60 132.724 8.395 11.14
L3171 | 187.477 12.72 23.84 110.696 10.670 11.81
L317K | 96.199 3.45 3.31 134.204 3.534 4.74
L317N | 127.382 12.02 15.31 121.233 14.528 17.61
L317R | 238.501 3.87 922 99 467 5.673 5.64
L317S | 90.929 15.54 14.13 85.810 6.423 5.51
L317T | 145.964 6.96 10.16 154.334 1.087 1.68
L317W | 163.704 11.92 19.51 147.606 10.270 15.16
L318D | 105.543 17.43 18.40 97.970 16.684 16.35
L318H | 99.907 4.29 4.29 124.690 7.363 9.18
L318R | 160.469 5.63 9.03 120.872 6.210 7.51
N321R | 164.842 9.53 15.71 112.180 8.613 9.66
N321S | 102.489 8.29 8.49 108.732 4.534 4.93
E324N | 104.618 7.72 8.08 131.265 9.124 11.98
T325E | 124.837 14 .44 18.02 106.457 10.577 11.26
N328G | 197.098 4.15 8.18 109.722 7.233 7.94
N328Y | 180.981 10.30 18.64 100.000 10.500 10.50
T335S | 107.956 11.57 12.49 125.286 6.288 7.88
Q347A | 101.395 10.89 11.04 96.213 11.001 10.58
Q347G | 222.459 8.37 18.63 207.054 9.013 18.66
Q349M | 99.531 11.98 11.92 108.042 12.330 13.32
Q349R | 147.007 11.76 17.29 104.545 13.211 13.81
V3518 | 130.819 0.00 0.00 100.857 0.000 0.00
1353V | 132.334 10.45 13.83 138.025 11.902 16.43
N356H | 100.000 8.54 8.54 130.377 3.912 5.10
N356S | 51.908 0.00 0.00 125.692 2.516 3.16
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°C °C
S359E | 135.589 10.77 14.60 135.104 9.354 12.64
S359H | 110.422 0.00 0.00 100.809 0.000 0.00
P367A | 167.030 12.94 21.62 127.366 13.153 16.75
P367G | 115.683 0.00 0.00 122.642 0.000 0.00
P367K | 125.884 5.06 6.36 66.884 10.136 6.78
P367S | 74.263 14 .39 10.69 88.355 16.433 14.52
D368A | 121.623 1.45 1.76 81.646 2.111 1.72
D368E | 166.628 9.18 15.30 97.937 11.462 11.23
D368L | 108.977 0.00 0.00 109.364 0.969 1.06
D368M | 119.744 2.72 3.25 103.662 2.536 2.63
D368R | 164.735 10.16 16.74 118.140 11.805 13.95
D368T | 107.122 2.87 3.07 126.693 3.366 4.26
N369R | 161.693 6.39 10.34 74.366 6.182 4.60
A371F | 180.217 6.19 11.16 76.436 5.578 4.26
A371H | 957.055 1.81 17.32 89.541 1.697 1.52
A371H | 111.143 0.00 0.00 95.589 8.610 8.23
A371K | 136.514 12.84 17.53 114.354 12.454 14.24
A371L | 695.108 1.51 10.52 107.003 2.215 2.37
A371L | 104.327 0.00 0.00 60.232 1.205 0.73
A371R | #VALUE! #VALUE! 11.03 #VALUE! #VALUE! 14.06
A371IR | 121.162 0.00 0.00 97.970 2.587 2.53
A371S | 147.672 8.38 12.38 131.555 16.938 22.28
L374P | 392.038 5.77 22.63 123.033 7.365 9.06
E375A | 88.836 0.00 0.00 134.714 2.050 2.76
E375G | 126.880 10.32 13.10 139.030 14.673 20.40
E375R | 163.180 13.15 21.45 116.431 19.727 22.97
K376D | 113.100 12.36 13.97 165.064 5.049 8.33
K376E | 100.000 13.55 13.55 153.016 10.394 15.90
K376Q | 125.172 12.75 15.96 90.000 12.057 10.85
K376R | 81.687 31.63 25.84 199.112 10.372 20.65
K376T | 121.133 14.91 18.06 113.387 5.639 6.39
K376V | 124221 3.19 3.96 118.583 2.547 3.02
K376Y | 102.812 9.24 9.50 96.139 12.985 12.48
G377D | 110.871 15.72 17.43 132.357 10.550 13.96
G377E | 130.445 8.04 10.49 128.402 7.401 9.50
G377H | 146.855 8.34 12.25 104.837 10.117 10.61
G377K | 185922 4.42 821 119.751 4.989 5.97
G377R | 119.708 5.87 7.03 94.749 7.137 6.76
G377S | 108.609 6.91 7.51 101.106 7.877 7.96
G377T | 112.557 17.14 19.29 109.036 18.279 19.93
F380W | 147.077 9.97 14.67 104.881 9.253 9.70
T381S | 135.827 13.41 18.21 112.559 10.315 11.61
R3831 | 527.820 6.33 33.44 98.328 7.522 7.40
R383S | 132.894 10.50 13.96 119.466 10.545 12.60
K385A | 126.096 4.64 5.85 112.706 0.000 0.00
K385Q | 137.629 9.03 12.43 124.892 7.512 9.38
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°C °C
K385V | 112.581 5.12 5.76 80.571 2.979 2.40
E389A | 306.767 2.13 6.53 224.872 1.824 4.10
E389G | 113.233 2.13 2.41 139.901 0.000 0.00
E389L | 143.219 14 .24 20.40 112.185 12.609 14.15
E389Q | 135.807 11.88 16.14 99.738 12.767 12.73
E389S 165.620 0.00 0.00 93.030 0.285 0.27
E392A | 112.465 7.27 8.18 155.693 6.376 9.93
E392F | 115.619 3.90 4.51 143.781 3.905 5.61
E392Q | 112.993 10.53 11.89 93.789 16.705 15.67
E392R | 129.528 3.69 4.79 123.407 2.947 3.64
E392V | 124.365 7.73 961 154.768 6.404 991
Q393F | 139.966 10.59 14.82 101.647 10.171 10.34
Q393M | 139.696 1.60 2.24 86.966 3.086 2.68
S395A | 208.246 12.98 27.04 112.714 12.395 13.97
S395H | 159.975 12.55 20.07 113.401 10.452 11.85
E396A | 131.894 8.42 11.10 128.716 9.777 12.58
E396H | 210.364 9.19 19.33 128.571 3.216 4.14
E396Q | 122977 10.06 12.37 95.938 10.263 9.85
E396S | 156.267 2.77 4.33 111.753 2.022 2.26
Y399T | 130.536 0.00 0.00 122.738 0.050 0.06
Y399V | 110.592 15.98 17.68 116.018 17.801 20.65
Y399W | 122.500 13.76 16.86 103.346 11.973 12.37
S401A | 122.003 13.90 16.96 99.275 13.024 12.93
S401E | 125.223 16.30 20.42 128.670 15.000 19.30
S404A | 149.379 0.00 0.00 105.443 1.102 1.16
L406F | 122.805 0.00 0.00 146.122 0.000 0.00
L406N | 152.836 6.36 9.72 131.321 6.705 8.81
S407A | 141.351 11.33 16.02 110.376 16.836 18.58
S407D | 241.053 11.29 27.22 98.135 10.120 9.93
S407P | 143.308 6.85 9.81 121.898 11.088 13.52
A412Q | 146.177 9.54 13.94 99 452 8.511 8.46
A412R | 140.070 8.92 12.49 123.675 9.390 11.61
A412V | 146.804 4.99 7.32 101.739 5.383 548
D416L | 120.820 17.64 21.31 127.662 15.340 19.58
D418R | 117.749 7.59 8.94 112.193 10.721 12.03
A419H | 241.224 8.82 21.27 188.179 5.999 11.29
A419K | 191.165 10.42 19.91 2022.616 1.523 30.81
D421A | 102.111 12.49 12.75 301.584 4.510 13.60
D421H | 333.471 10.18 33.95 67.652 86.552 58.55
D421K | 124.190 7.62 9.46 102.316 13.562 13.88
D421N | 110.806 14.96 16.58 100.116 16.449 16.47
D421Q | 104.370 10.72 11.18 143.630 12.400 17.81
D421R | 138.783 8.85 12.28 137.964 9.778 13.49
D421S | 142.171 11.00 15.64 166.162 8.564 14.23
A425G | 74 810 10.61 7.94 120.947 11.137 13.47
G427Q | 133.135 2.31 3.08 98.243 8.618 8.47
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G427T | 125.113 4.81 6.02 119.058 3.956 4.71
V428L | 137.044 1.81 2.48 109.390 0.990 1.08
D431E | 70.178 26.32 18.47 95.135 20.739 19.73
D431H | 186.490 7.32 13.65 95.071 9.941 9.45
D431K | 240.835 11.61 27.97 68.277 20.207 13.80
D431L | 129.149 10.49 13.54 119.177 11.740 13.99
D431N | 138.404 9.79 13.55 125.433 9.246 11.60
D431Q | 232.960 10.83 25.23 109.483 10.716 11.73
D431S | 78.069 7.52 5.87 88.796 9.135 8.11
F433A | 147.286 9.78 14.40 99 486 12.798 12.73
F433H | 140.196 13.48 18.90 87.943 16.888 14 .85
F4331 | 108.569 11.30 12.27 86.984 16.616 14 .45
F433K | 91.159 11.12 10.14 342.290 3.608 12.35
F433R | 128.958 10.53 13.58 133.353 9.565 12.75
F433T | 161.799 13.66 22.10 134.977 19.229 25.96
F433V | 1412.071 1.61 22.69 112.033 17.307 19.39
F433W | 149.049 10.46 15.59 113.585 7.530 8.55
P4371 | 148.880 2.39 3.56 107.028 1.782 1.91
MA438A | 106.463 10.07 10.72 135.705 10.194 13.83
M438D | 105.370 10.16 10.71 113.283 2.590 2.93
MA438E | 115.061 8.00 921 113.782 9.120 10.38
M438L | 65.794 10.06 6.62 214.958 6.526 14.03
M438N | 130.428 8.06 10.52 100.669 11.889 11.97
M438T | 104.058 13.39 13.93 103.691 12.160 12.61
E439A | 137.279 11.63 15.97 95.555 14.073 13.45
E439A | 154.140 4.72 7.28 147.295 7.415 10.92
E439C | 193.243 14.69 28.38 111.719 15.734 17.58
E439K | 124 464 13.28 16.52 104.762 10.552 11.05
E439P | 118.340 15.59 18.44 87.446 14.998 13.12
E439Q | 101.589 10.67 10.84 127.358 10.648 13.56
E439T | 110.891 1436 15.93 122.975 11.322 13.92
T440D | 118.877 11.52 13.69 79.518 18.426 14.65
T440H | 142.296 4.46 6.34 130.928 7.553 9.89
T440M | 84.722 8.83 7.48 86.929 12.774 11.10
T440P | 111.931 13.54 15.16 91.205 17.272 15.75
T440S | 100.436 11.17 11.22 131.174 9.810 12.87
E441F | 129315 11.25 14.55 110.874 11.410 12.65
E442G | 111.216 10.24 11.39 100.210 10.965 10.99
P443E | 94.377 5.14 4.85 130.704 6.789 8.87
P443F | 146.612 11.22 16.45 97.932 12.322 12.07
P443G | 239.171 8.56 20.48 157.960 16.385 25.88
Q444E | 81.997 8.54 7.01 160.917 9.561 15.38
Q444H | 150.301 8.46 12.71 119.665 10.892 13.03
Q444V | 129822 13.49 17.51 122.591 10.995 13.48
1445M | 85.090 17.25 14.68 101.149 15.393 15.57
1445N | 106.430 13.89 14.79 87.351 12.945 11.31
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TABLE 12: Percent (%) Activity
duplicate 1 duplicate 2
% activity | % activity % activity % activity % activity % activity
at 37°C+m- |[37°C+m- | at 37°C+m- | 37°C +m-
37 °C/4°C | cresol/37 cresol/4°C | 37°C/4°C | cresol/37 cresol/4 °C
°C °C

1445W | 117.213 11.70 13.72 100.037 10.983 10.99

Y447E | 99.579 16.55 16.48 108.969 12.849 14.00

Y447G | 143.704 13.77 19.79 103.624 11.563 11.98

Y447P | 139.152 13.78 19.17 107.737 12.282 13.23
94.998 5.23 4.97 96.871 8.456 8.19
105.798 4.48 4.74 108.066 5.246 5.67
100.000 3.33 3.33 82.7780 3.759 4.59
94.762 19.07 18.07 109.539 16.529 18.11
142.024 4.48 6.36 130.947 5.595 7.33
45115 20.77 9.37 68.017 11.035 7.51
53.324 21.95 11.71 74.253 9.960 7.40

positive | 59.581 25.24 15.04 75.872 16.231 12.31

control | 91.844 19.05 17.50 80.371 13.977 11.23

(OHO) | 93.828 13.47 12.63 96.630 19.454 18.80
57.773 17.04 9.85 83.536 17.573 14.68
100.000 18.56 18.56 148.226 16.239 24.07
74.325 18.29 13.60 61.119 9.286 5.68
98.132 8.48 8.32 87.677 10.006 8.77
93.817 9.62 9.02 102.223 9.745 9.96
96.922 8.56 8.30 87.993 9.064 7.98
96.648 9.91 9.58 86.891 9.938 8.63

n/a (not available; e.g., beyond detection limit)

2. Summary of Results for F204P

For mutant F204P, the results above of tested supernatant from transient transfection
of CHO-S cells incubated in the presence of m-cresol in a bHA enzymatic activity assay
showed that the F204P mutant protein was highly resistant to 0.4% m-cresol treatment. The
results showed that the activity that remained after 4 hours incubation with 0.4% m-cresol at
37°C was approximately equal to the activity observed when the enzyme was incubated at
either 4 °C or at 37 °C in the absence of m-cresol. The positive control (WT PH20 — OHO)
showed a reduction in activity of 75% and 83% on the day of the assay (as assayed from two
different OHO transfections). This demonstrated that the F204P phenophile was able to
retain 60% to 90% or greater of its activity above the residual activity of the wildtype PH20
control enzyme.

In order to confirm the stability of F204P upon m-cresol treatment or exposure to
increased temperature, a second transfection of F204P was performed in duplicate using
CHO-S cells, and clarified supernatant was again tested for its stability at 4 °C, at 37 °C for 4
hours with 0.4% m-cresol and at 37 °C for 4 hours without 0.4% m-cresol. The results
confirmed that the F204P mutant enzyme retained a high amount of hyaluronidase activity

after the 4 hour incubation in m-cresol at 37 °C. The results were similar to the results seen in
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the first screening of the mutant, with F204P retaining anywhere from 57% to greater than
90% of its activity above the residual activity of the wildtype PH20 control enzyme after the 4
hour incubation.

A summary of the enzyme activity of F204P compared to the wildtype control is set
forth in Table 13.

Table 13: Summary of Enzyme Activity
Remaining Activity Remaining Activity
after 4h incubation after 4h incubation
Transfection | (37 °C + m-cre/ 37 (37 °C + m-cre /
# °C) 4°C)
Net % Increase Net % Increase
WT in Activity Over WT in Activity Over
F204P (OHO) WT (37 °C) F204P (OHO) WT (4 °C)
1 73.6% 16.4% 57.2% 86.0% 25.3% 60.7%
122.3% 25.2% 97.1% 109.7% 16.6% 93.1%
EXAMPLE 6
LARGE SCALE EXPRESSION AND PURIFICATION OF PH20 HIT VARIANT
1. Expression and Purification

HZ24-PH20-IRES-SEAP plasmid DNA containing cDNA encoding one of the
variant PH20 was transfected into monolayer CHO-S cells as generally described in Example
2. CHO-S cells were cultured in shaker flasks using CD-CHO media supplemented with
GlutaMAX (8§ mM). On the day of transfection, 15 flasks were prepared of approximately
300 mL volume containing the CHO-S cells at an approximate density of 1.0 x 10° cells/mL.
Each 300 mL flask was transfected using 375 pg of plasmid DNA encoding the F204P mutant
combined with 375 pL of Freestyle MAX transfection reagent. The transfected plasmid DNA
had a sequence of nucleotides set forth in SEQ ID NO:4 containing a codon change of TTC to
CCT at nucleotide positions 1733-1735, thereby encoding the F204P mutant. The transfected
cells were then allowed to remain in culture for 96 hours, whereupon the cells and media were
harvested and pooled. The cells were pelleted by centrifugation (4000 x g, 207), and the
supernatant retained for purification of the F204P protein (approximately 4.5 liters).

The crude supernatant was concentrated 10x using a 30 kDa Tangential flow filter
(TFF) system (Millipore Pellicon XL, Bimax 30, 200 mL void volume; 50 cm? filter surface
arca) until the volume was approximately 450 mL. The permeate was saved for assay to
detect flow through of the F204P protein. A free-flow buffer exchange for the retentate was
then performed using 4 liters of buffer (10 mM NaPOq; 25 mM NaCl, pH 7.2). The volume
of the retentate was reduced again to approximately 200 mL, and then the remaining permeate

in the system was purged (void volume ~200 mL) and the system was flushed using
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approximately 50 mL of buffer to yield a final concentrated product of approximately 450
mL.

An anti-rHuPH20 affinity column was prepared by coupling antigen affinity purified
Rabbit anti-rHuPH20 IgG to CNBr-activated Sepharose 4 Fast Flow (GEHealth catalog No.
17-0981-01). Briefly, 0.7 g of pre-activated Sepharose 4 powder was suspended in 1 mM
HCl in a 10 mL glass column for 30 minutes to allow the powder to swell. The solution was
drained from the column and washed with 15 gel volumes (about 30 mL) of cold 1 mM HC1
by gravity. The column was washed with 5 gel volumens of coupling buffer (0.1M NaHCOs,
0.5M NaCl at pH 8.3). Next, 5 mg of Rabbit anti-rHuPH20 IgG at > 1.0 mg/mL in coupling
buffer was added to the column at a protein/gel ratio of 2-3 mg/mL gel. The column was
rotated head to head at 4 °C overnight. The flow-through was collected for coupling
efficiency determination. The gel was washed with 2 gel volumes of coupling buffer, and
then washed and resuspended in 1 M ethanolaminine pH 9.5 for 2 hours at room temperature
to block unused activated sites. The gel was washed 6 times with 5 gel volumes per wash
alternating coupling buffer and 0.1 NaAc, 0.5M NaCl, pH 4.5. The gel was then washed with
10 gel volumes of TBS (20 mM Tris-HCI, 0.15 M NaCl, pH 7.5). The coupling efficiency
was determined (1-post-coupling protein concentration/pre-coupling protein concentration x
100%). The antibody coupled gel was stored in TBS with 0.02% NaNs at 4 °C.

The concentrated supernatant product was subsequently loaded onto a anti-rHuPH20
affinity column at an approximate rate of 5 mL/min. The elution was performed according to
standard procedure using a GE™ AKTA FPLC purification system (GE Healthcare, Product
No. 18-1900-26), whereby the protein was eluted via a low pH glycine wash (0.1 M glycine-
HCI, pH 2.5) in 1 mL fractions. Each fraction was immediately neutralized by the addition of
100 pL of 1M Tris, pH 7.5.

The eluted protein was assayed by resolving protein bands on a 4-20% SDS-PAGE
gradient Tris-glycine gel. SeeBlue®Plus2 Pre-stained MW standards (Life Teechnologies;
Catalog No. LC5925) were used as molecular weight standards, and 50 ng rtHuPH20 (as
described in Example 1) was used as a positive control. The polyacrylamide gel was stained
with Instant Blue to show total protein from each fraction. To confirm the bands on the gel
are PH20, the gel was transferred to a PVDF membrane (Invitrogen), which was subjected to
Western Blot using a Rabbit anti-PH20 primary antibody generated by immunizing rabbits
with rHuPH20 and an HRP-Goat anti-rabbit secondary antibody (Calbiochem, Cat. No.
DCO3L).

Then, the flow-through from the initial loading of the affinity column was re-loaded
onto the column twice due to the low capacity of the affinity column. All fractions containing
the protein were then combined resulting in a total volume that was approximately 13 mL.

This product was then dialyzed overnight versus four liters of buffer (10 mM NaPOQs, 140 mM
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NaCl, pH 7.2) using a Slide-A-Lyzer Dialysis Cassette G2 (20,000 MWCO) with a 15 mL
capacity. The buffer was then changed and the product dialyzed against a second fresh four
liters of the same buffer. The F204P protein was then concentrated using an Amicon Ultra
Centrifugation column (Millipore; 10,000 MWCO) to a final volume of approximately 450
pL (10 minutes at 4000 xg).

2. Characterization of Protein
The purified protein was characterized for its protein concentration, activity, and purity.

To determine the protein concentration of the purified protein, a quantification
ELISA was performed as described in Example 7. Also, hyaluronidase activity was
determined as described in Example 3. The protein concentration after centrifugation was
estimated to be approximately 400 ng/mL. The purified protein also was resolved on a 4-
20% SDS-PAGE gradient Tris-glycine gel, which was then stained with Instant Blue. The
staining results demonstrated that the protein was essentially a single molecular weight
protein of approximately 63 kDa, similar to the rHuPH20 control. No appreciable
degradative products were detected by this method. Approximate yields of the protein at

various timepoints and activity during the purification are described in Table 14.

TABLE 14: Characterization of Purification Steps
Activity Assay Quant ELISA
Assay

. . Total Protein Total Specific

Purification Step V((:llin)]e 1?67:1‘1”]3, Activity Conc. Protein Activity
) (ug/mL) (ng) (U/pg)

Supernatant 4500 2.66 11,700 0.046 207 56.5
Conc. after TFF
& Buffer 450 42 18,900 0.4 178 105.9
Exchange
Pooled Fractions
5-7 after AC,
Dialysis & Conc. 0.45 11,741 5283 396 180 353
— A280

The purity of the purified protein was determined by Reverse Phase HPLC (RP-

HPLC). The elution time from the reverse phase column was essentially identical as that

observed with the recombinant human hyaluronidase (HUB), and provides a basis for crude

estimation of the purity of the sample at approximately 80-90%.
EXAMPLE 7
QUANTIFICATION USING ELISA
The quantification of PH20 or variants were performed using an ELISA that captures

the protein using a monoclonal anti-rHuPH20 capture antibody. Specifically, one day prior to

performing the ELISA, 96-well 4HBX plates were coated with capture antibody (Protein G

purified rabbit polyclonal anti-PH20 antibody generated by immunizing rabbits with
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rHuPH20; 1 mg/mL stock) at 1 pg/mL in 100 mM phosphate (pH 7.2) in a total volume of
100 pL per well. The plates were stored at 4 °C overnight. On the next day, the plates were
washed 5x with 1xPBS at 300 uL/well with a plate washer. After cach wash, the plated were
patted dry on paper towels. Then, the plates were blocked with 200 puL. PBS containing
Tween 20 (1xPBST) per well at room temperature for 1 hour.

The standards and samples were added to the plate. For generation of the standard, a
1 mg/mL stock of rtHuPH20 (Example 1) was freshly diluted to 50 ng/mL in HEPES pH 7.4
assay buffer as an intermediate stock. Then, for the standards, the 50 ng/mL stock was
diluted in duplicates into 360 pL of 0.5xPBST at 300 ng/mL for the first standard (first row).
For the other standard rows, 240 pL. 0.5xPBST were added to each well, and 1:3 serial
dilutions made. For the transfected supernatant samples, 360 uL per well was added in
duplicate into the first row, and each were also serially diluted as described above into 0.5x
PBST. For purified samples, 100 puL. was added per well. The plates were incubated for 2
hours at room temperature. After incubation, the plates were washed 5x with 1xPBST at
300 pL/well using a plate washer. After each wash, the plates were patted dry on paper
towels.

An HRP-conjugated anti-PH20 antibody was prepared for detection using an HRP
conjugation kit (Pierce, Thermo-Fisher; Catalog No. 31489). 1 mg of a Protein G purified
rabbit polyclonal antibody generated by immunizing rabbits with rHuPH20 was diluted in 1
mL PBS and 1 mL of 2 x carbonate kit buffer. Next, 100 uL of peroxidase were added to 1
mL of the above antibody solution and incubated at room temperature for 1 hour. Then, 10
pL NaBH; stock was added in a fume hood, and the sample incubated at room temperature
for 20 minutes. To quench the reaction, 20 uL of ethanolamine was added and incubated at
room temperature for 15 minutes. To this, 1/25 volume 5% human serum albumin (0.1 mL
syringe) was added to give a 2 mg/mL albumin stock reaction. The pH was adjusted to about
7.9 by addition of 250 puL of 1 M Tris pH 7.4. The concentration of the stock was 400
peg/mL. The stock solution was further diluted 1/10 in PBS Tween20 (0.05%) containing
0.5% human serum albumin and preservatives, and then was sterile filtered. The stock was
stored at 4 °C or was frozen at -20 °C.

Antibodies were detecting using the HRP-conjugated anti-PH20 antibody that was
diluted 1000x into 0.5x PBST. 100 pL of the diluted antibody was added to all wells of the
plate and the plate incubated for a further 2 hours at room temperature. After incubation, the
plates were washed 5x with 1xPBST at 300 pL/well using a plate washer. After each wash,
the plates were patted dry on paper towels. Then, 100 uL. of TMB substrate were added to
each well and the reaction was stopped after 5-10 minutes by adding 100 pL of stop solution
per well. The plate was read at ODyso.

EXAMPLE 8
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DETERMINATION OF ENZYMATIC ACTIVITY OF PH20

Enzymatic activity of PH20 in samples such as cell cultures, purification fractions
and purified solutions was determined using a turbidimetric assay, which is based on the
formation of an insoluble precipitate when hyaluronic acid binds with cetylpyridinium
chloride (CPC). The activity is measured by incubating PH20 with hyaluronan for a set period
of time (30 minutes) and then precipitating the undigested hyaluronan with the addition of
CDC. The turbidity of the resulting sample is measured at 640 nm. The decrease in turbidity
resulting from enzyme activity on the hyaluronan substrate is a measure of the PH20
enzymatic activity. The method is run using a calibration curve generated with dilutions of a
PH20 assay working reference standard (rHuPH20 standard generated as described in
Example 1), and sample activity measurements are made relative to this calibration curve.

Dilutions of the sample and standards were prepared in Enzyme Diluent Solution (70
mM NaCl, 0.1% human serum albumin [HSA], 0.67 g/L gelatin hydrolysate in 25 mM PIPES
buffer, pH 5.5). The samples were diluted to an appropriate concentration. Hyaluronic acid
(HA, average MW of 20 — 50 kDa) from Lifecore Biomedical (Chaska, MN) also was
prepared at 1 mg/mL in substrate solution that contains 25 mM PIPES, 70 mM NacCl at pH
5.5. Equal amounts of the above two solutions were mixed to prepare a 1 mL reaction
mixture and incubated at 37 °C for 30 min. The reaction was stopped by addition of 4 mL of
Cetylpyridinium Chloride Solution (CPC, 5.0 mg/mL). After brief vortexing, the turbidity of
the sample mixture was read at 640 nm and the activity was determined by fitting against a
standard curve. Specific activity (Units/mg) was calculated by dividing the enzyme activity
(U/mL) by the protein concentration (mg/mL).

EXAMPLE 9
STABILITY OF F204P-PH20 VARIANT IN PRESERVATIVE

To confirm the screening results, an amount estimated to be about 450 U/mL of the
purified F204P protein as described in Example 6 was formulated in 10 mM sodium
phosphate, pH 6.5, 120 mM NaCl, 10 mM methionine, 0.01% Pluronic F-68, 0.1% phenol
and 0.15% m-cresol. A test article that also contained an amount estimated to be about 450
U/mL wild type rtHuPH20 (generated as described in Example 1) in the same formulation was
also prepared to serve as a control. Each formulation solution was aliquotted in 0.5 mL and
filled into 2 mL USP Type I borosilicate glass with a chlorobutyl rubber stopper and an
aluminum seal. The vials were incubated at 5 °C, 30 °C or 37 °C. Samples were withdrawn
from the incubator at various times and enzymatic activity was measured as described in
Example 8.

The results of the enzymatic activity measurements are shown in Table 15. As can be
seen, the rHUPH20 wild type control showed a rapid decrease in activity when incubated at

37 °C in the presence of phenolic preservatives. In contrast, the F204P mutant showed no
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significant loss in activity throughout the study. The results also show that activity of PH20 is
retained after incubation for up to 4 weeks at 5 °C and 30 °C compared to the activity of the
rHuPH20 wildtype control not containing the mutation. These results confirm that F204P
tolerates EPB level of preservative (0.1% phenol and 0.15% m-cresol) and is stable at 37 °C
for at least up to 6 days at at 5 °C and 30 °C for greater than one month.

TABLE 15: Stability of rHuPH20 wildtype and F204P mutant incubated at with
preservative
PH20 relative PH20 relative PH20 relative activity
ID activity (%) at 5 °C Jactivity (%) at 30 °C (%) at 37 °C
TO 2w 4w 6d 2w 4w 2d 4d 6d
F204P 100 - 91.8 | 84.1 | 100 | 96.6 105 91.1 95.9
wildtype control| 100 - 819 | 667 | 617 | 605 | 48.6 | 29.6 15.2
EXAMPLE 10

STABILITY OF F204P-PH20 VARIANT IN INSULIN COFORMULATION

The PH20 variant F204P was tested for its stability in a coformulation containing an
insulin analog (insulin aspart or insulin lispro).

In the tested coformulations, the insulin lispro was a commercial product (Insulin
Lispro: Eli Lilly Humalog® (insulin Lispro) 100 U/mL, Lot A572364).

In the tested coformulations, the insulin aspart analog was a reprocessed aspart
prepared by pooling 12 vials (10 mL each) of a commercial product (Insulin Aspart: Novo
Nordisk, NovoRapid® (insulin Aspart), Lot XS60195), which was then concentrated using an
Amicon Ultracel-10 K column concentrator until the final concentration was about 5 times the
original concentration. The insulin analog was precipitated by addition of 1 M sodium
acetate, pH 5.3 and 30 mM zinc chloride (ZnCl,, EMD, Cat No. ZX0065-1) at 1/10 of the
protein solution volume. The solution was placed on ice for 30 minutes followed by
centrifugation at 5600 rpm for 20 minutes in an Avanti J-E Centrifuge with JS-5.3 swinging
bucket rotor (Beckman Coulter). The supernatant was decanted and the pellet was
resuspended and washed with 20 mM sodium acetate, 2 mM zinc chloride, pH 5.5 solution.
The resuspended solution was centrifuged as described above. The washing step was
repeated a total of 5 times. A final wash was performed with 20 mM sodium acetate, pH 5.5
to remove all traces of zinc chloride. The resulting protein paste was dissolved with water
containing 20 mM HCI. After complete dissolution, 250 mM Tris, pH 10.7 was added to a
final Tris concentration of 20 mM. The pH of the resulting solution was adjusted such that
the insulin analog was formulated as described below and the protein concentration was
adjusted to about 15-20 mg/mL. An insulin analog prepared in this way typically had a yield
of about 90%, with a residual preservative concentration at less than 100 times the starting

material.
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Briefly, three (3) formulations were generated each containing 600 Units (U) of
PH20-F204P or wildtype rtHuPH20 (generated as described in Example 1) for a total of 6

formulations as set forth in Table 16:

TABLE 16: Summary of Insulin Formulations
Buffer Tom.c 1ty Anti-Ox [Metal |[Surfactant [ Preservatives API
mn pH modifier|
) Tris/H Methioni| Glyceri PH20 | Analog
NaPO -
il NaCl e 0 Zn F68 Phenol|m-Cresol (U/mL) | (mg/mL)
F1.Humalog 13.2 173.7 | 0.242 o
+ F204P 7.0-7.8 M M oM 0.315% | 600 3.5
F2.Humalog 13.2 173.7 | 0.242 o
i 7.0-7.8 mM M M 0.315% | 600 3.5
F3.Aspart + o, | 0.100 o
F204P 7.3 30 mM|100 mM| 5 mM 0.010% o, 0.150% | 600 3.5
FeAspart | g 30 mM|100 mM| 5 mM 0010% | %02 | 0.150% | 600 | 35
(1]
gbﬁf}’m 173 30 mM|100 mM| 5 mM 0.010% 0315% | 600 3.5
SV?'ASP‘”H 73 30 mM|100 mM| 5 mM 0.010% 0.315% | 600 35
5
Each formulation solution was dispensed in 0.5 mL aliquots into 2 mL USP Type 1

borosilicate glass vials with a chlorobutyl rubber stopper and an aluminum seal. The vials

were incubated at 5 °C, 30 °C and 37 °C. Samples were withdrawn from the incubator at

scheduled time points for enzymatic activity measurements as described in Example 8.

10 The results of the enzymatic activity measurements for samples incubated at 37 °C,

30 °C and 5 °C are shown in Tables 17-19, respectively. At 37 °C, the enzymatic activity of
samples containing wildtype tHuPH20 (F2, F4 and F6) were almost totally lost within two
days of incubation. In contrast, after 6 days incubation at 37 °C, formulation F3 and F5,
which contains PH20-F204P, lost only about 10% and 30%, respectively. The PH20-F204P

15 formulated in commercial Humalog (F1) lost most of its activity within 2 days at 37 °C most
likely due to the lack of NaCl in the formulation.

A similar trend for enzymatic activities of ampoules incubated at 30 °C was noted
between the PH20-F204P and rHuPH20. For formulations that contain an EPA preservative
level, the differences between wild type and F204P were dramatic (Table 17; F1 and F5 vs.

20 F2 and F6). When the preservative concentration was reduced to an EPB level (F3 and F4),
the F204P still outperformed wildtype rtHuPH20, although there was slightly higher rtHuPH20
stability compared to EPA conditions. In both EPA and EPB preservative levels, PH20-
F204P was able to maintain its activity up to 14 days at 30 °C when 100 mM of NaCl was
included in the formulation.

25
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Table 17. Enzymatic activity of rHuPH20 wild type and F204P mutant incubated at 37 °C
PH20 activity U/mL, (% of remaining activity)
in Initial
Activity 2d 4d 6d 2w
Eég};ﬂuﬂog‘* 583 (100%) | 61 (10%) 15 (3%) 10 (2%) ;
F2 Humalog + wt | 439 (100%) 4 (1%) - - -
F31$S&a;t N 625 (100%) | 613 (98%) 496 (79%) 570 (91%) 532 (85%)
F4.Aspart + wt 566 (100%) | 58 (10%) 24 (4%) 4 (1%) -
Fsésolz‘a; * 657 (100%) | 484 (74%) 462 (70%) 478 (73%) 360 (55%)
F6.Aspart+ wt 596 (100%) -1 (0%) - - -
5
Table 18. Enzymatic activity of rHuPH20 wild type and F204P mutant incubated at 30°C

n PH20 activity U/mL, (% of remaining activity)

] Initial Activity 6d 2w 4w
F1.Humalog + F204P 583 (100%) 345 (59%) 250 (43%) 111 (19%)
F2 Humalog + wt 439 (100%) 1 (0%) 16 (4%) -1
F3.Aspart + F204P 625 (100%) 601(96%) 650(104%) 579 (93%)
F4. Aspart + wt 566 (100%) 428 (76%) 390 (69%) 277 (49%)
F5.Aspart + F204P 657 (100%) 632 (96%) 655 (100%) 561 (85%)
F6.Aspart+ wt 596 (100%) 145 (24%) 65 (11%) 9 (1.5%)

TABLE 19: Enzymatic Activity at 5 °C

0 PH20 activity (U/mL) at 5 °C

Initial Activity 2w 4w

F1 Humalog + F204P 583 544 565

F2 Humalog + wt 439 428 404

F3.Aspart + F204P 625 647 607

F4. Aspart + wt 566 580 496

F5.Aspart + F204P 657 695 574

F6.Aspart+ wt 596 583 519

EXAMPLE 11
STABILITY OF V58R-PH20 IN INSULIN COFORMULATION
10 A. Stability of VS8R-PH20

The PH20 variant V58R was expressed in CHO-S cells as described in Example 2 or
Example 6. The transfected plasmid DNA had a sequence of nucleotides set forth in SEQ ID
NO:4 containing a codon change of GTG to CGG at nucleotide positions 1295-1297, thereby
encoding the V58R mutant. The V58R mutant was tested for its stability in a coformulation

15 containing insulin aspart (insulin aspart analog prepared as described in Example 10) and
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under EPA or EPB preservative levels. Briefly, four (4) formulations were generated each
containing 600 Units (U) of PH20-V58R or wildtype rHuPH20 (generated as described in
Example 1) as set forth in Table 20. Formulations F1 and F2 represent the EPB preservative

levels while formulations F3 and F4 represent the EPA preservative levels.

TABLE 20: Summary of Insulin Formulations
Buffer  |LOMOY] A piiiox Metal [ >uriac- Preservatives API
1D pH Tris/H adier Methioni| Glyceri e PH20 | Analo
NaPO, a1 NaCl ne yn Zn F68 | Phenol i m-Cresol (U/mL) | (mg/ nf)
%’?ﬁpaﬁ 73 30 mM|100 mM| 5 mM 0.010% |0.100%| 0.150% | 600 3.5
féu%ggg;t 7.3 30 mM|100 mM| 5 mM 0.010% [0.100%| 0.150% | 600 3.5
eapart | g 30 mM|[100 mM| 5 mM 0.010% 0.315% | 600 3.5
féﬁ)g’;g;t 73 30 mM |100 mM| 5 mM 0.010% 0.315% | 600 3.5
5
Each formulation solution was dispensed in 0.5 mL aliquots into 2 mL USP Type I
borosilicate glass vials with a chlorobutyl rubber stopper and an aluminum seal. The vials
were incubated at 30 °C and 37 °C. Samples were withdrawn from the incubator at scheduled
time points for enzymatic activity measurements as described in Example 8.
10 The results of the enzymatic activity measurements for samples incubated at 37 °C
and 30 °C are shown in Table 21 and Table 22. At 37 °C, the enzymatic activity of samples
containing wildtype rHuPH20 (F2 and F4) were almost totally lost within two days of
incubation. In contrast, after 6 days incubation at 37 °C, formulations F1 (EPB) and F3
(EPA), containing V58R-PH20, lost only about 25% and 40% activity, respectively. At
15 30 °C, the enzymatic activity of samples containing wildtype rHuPH20 also was dramatically
reduced in the presence of EPA or EPB preservatives levels within one month of incubation,
although there was a slightly less dramatic loss in activity in the presence of EPB preservative
levels. In contrast, for V58R-PH20, there was no loss of enzymatic activity for either tested
formulation up to 1 month.
20

Table 21. Enzymatic activity of rHuPH20 wild type and V5S8R mutant incubated at 37 °C
Formulation PH20 activity U/mL
Initial Activity 2d 4d 6d
F1.Aspart + VS8R 1350 1099 1094 1006
F2.Aspart + rHuPH20 wt 677 53 -3 -
F3.Aspart + VS8R 1189 793 581 464
F4.Aspart+ rHuPH20 wt 744 12 -9 -
Table 22. Enzymatic activity of rHuPH20 wild type and V58R mutant incubated at
30 °C
Formulation PH20 activity U/mL
wiat Initial Activity | 2 weeks [ 4 weeks
—315-
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F1.Aspart + VS8R 1350 1368 1208
F2.Aspart + rHuPH20 wt 677 422 256
F3.Aspart + VS8R 1189 1228 1171
F4.Aspart+ rHuPH20 wt 744 21 -5

B.

coformulation containing insulin aspart (insulin aspart analog prepared as described in

Comparison of Stability of F204P and V5S8R
The PH20 variant V58R-PH20 was compared to F204P for its stability in a

Example 10) and under EPA or EPB preservative levels. Briefly, eight (8) formulations were

generated as set forth in Table 23. Formulations F1-F4 represent the EPB preservative levels

while formulations F5-F8 represent the EPA preservative levels. Formulations F3 and F4 and

formulations F7 and F8 were identical and represent the wildtype control formulations

formulations used for the EPB or EPA studics, respectively.

TABLE 23: Summary of Insulin Formulations
D pH Buffer Tonic Anti- Metal | Surfacta | Preservatives API

ity Ox nt

modif

ier

NaP | Tris/ | NaCl | Methio | Glyce Zn F68 Phen m- PH20 | Analog
O, HCl nine rin ol Cresol | U/mL | mg/mL
F1.Aspart 7.3 30 100 5 mM 0.010% | 0.10 0.150 600 35
+ V58R mM mM 0% %
F2 Aspart 7.3 30 100 5 mM 0.010% | 0.10 0.150 600 35
+ F204P mM mM 0% %
F3.Aspart 7.3 30 100 5 mM 0.010% | 0.10 0.150 600 35
+ mM | mM 0% %
rHuPH20
wi(1)
F4.Aspart 7.3 30 100 5mM 0.010% | 0.10 0.150 600 35
+ mM mM 0% %
rHuPH20
wi(2)
F5. Aspart 7.3 30 100 5 mM 0.010% 0.315 600 3.5
+ V38R mM mM %
F6 Aspart 7.3 30 100 5 mM 0.010% 0.315 600 3.5
+F204P mM mM %
F7.Aspart 7.3 30 100 5 mM 0.010% 0.315 600 3.5
+ mM mM %
rHuPH20
wt(1)
F8. Aspart 7.3 30 100 5 mM 0.010% 0.315 600 3.5
+ mM mM %
rHuPH20
wi(2)
10 Each formulation solution was dispensed in 0.5 mL aliquots into 2 mL USP Type I

borosilicate glass vials with a chlorobutyl rubber stopper and an aluminum seal. The vials

were incubated at 30 °C and 37 °C. Samples were withdrawn from the incubator at scheduled

time points for enzymatic activity measures as described in Example 8.
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The results show that the percentage hyaluronidase activity in the tested formulations
after preincubation at 37 °C was slightly greater for both PH20 mutants when formulated in
EPB and not EPA preservative levels. While the percent of activity remaining was greater
than 80% for both tested mutants after 6 days incubation in formulations containing EPB
preservative levels, it was less in the presence of EPA preservative levels. For example, the
activity remaining at 6 days in EPA preservative levels was slightly less than 80% after 6
days for F204P-PH20, while it was only about 40% for V58R-PH20. Hence, the results also
show that at 37 °C, V58R-PH20 is somewhat less stable than the F204P-PH20, in particular in
a formulation with EPA preservative levels. After incubation at 30 °C for at least a week, the
F204P-PH20 and V58R-PH20 were stable and exhibited almost 100% initial activity in the
presence of both EPA and EPB prescrvative levels. In contrast, tHuPH20 exhibited only
about 40% of its initial activity after 4 weeks at 30 °C in the presence of EPB preservative
levels, while it exhibited no detectable activity after 4 weeks at 30 °C in the presence of EPA
preservative levels.

EXAMPLE 12
EXPRESSION OF F204P-PH20 USING A LENTIVIRUS EXPRESSION VECTOR

A lentivirus expression vector, pLV-EF1a-PH20(F204P)-IRES-GFP-Bsd was
generated containing a codon-optimized mutant hyaluronidase cDNA encoding F204P-PH20.
The sequence of pLV-EF 1a-PH20(F204P)-IRES-GFP-Bsd is set forth in SEQ ID NO:925.
The pLV-EF1a-PH20(F204P)-IRES-GFP-Bsd vector contains an ampicillin resistance gene
(AmpR) located at nucleotides 8611-9471, an EFla promoter at residues 1933 to 2327, an
IRES at residues 4786-5370, a GFP-Bsd at residues 5394-6527 and nucleotides encoding
F204P-PH20 at residues 3369-4781.

Lentivirus was produced as described in Bandaranayake et al. ((2011) Nucleic Acids
Research, 39:¢143). Briefly, 293T cells (ATCC) were plated at 6 x 10° cells onto 10 cm tissue
culture plates. After 24 hours, 6 ug of psPAX2 (SEQ ID NO:926; Addgene plasmid No.
12260), 3 pg of PMD2.G (SEQ ID NO:927; Addgene plasmid #12259) and 9 pg lentiviral
vector plasmid pLV-EF1a-PH20(F204P)-IRES-GFP-Bsd were mixed in 1.5 mL Opti-MEM
(Life Technologies). 45 uL of Lipofectamine 2000 (LF2000; Life Technologies) were diluted
into 1.5 mL Opti-MEM (Life Technologies). The DNA and LF2000 were mixed gently, and
incubated at room temperature for 20 minutes to allow the DNA and lipid to form complexes.
In the meantime, the overnight culture medium was replaced with 5.0 mL DMEM + 10% FBS
without antibiotics. A volume of 3.0 mL containing the DNA-LF2000 complexes were added
to the 293T cells. The medium containing the DNA-LF2000 complexes was replaced with 10
mL complete medium at 12-16 hours post-transfection. The supernatant was collected at 48
hours post-transfection and the medium was transferred to a polypropylene storage tube. The

virus-containing medium was spun at 1300 rpm for 5 minutes to pellet any 293T cells that
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were carried over during collection. The supematant was carefully transferred to a sterile
polypropylene storage tube.

CHO-S cells (Invitrogen) were grown in CHO-S media (Invitrogen) with shaking at
120 rpm at 37 °C and 5% CO: in vented 125-mL shake flasks (Nalgene). For transduction,
CHO-S cells were added to wells of a six-well plate at 2 x 10° cells per well in 2 ml of CHO-S
media containing 4 png/mL hexadimethrine bromide at a final concentration of 4 ng/mL
(Polybrene; SIGMA). Virus was added to cach well at a multiplicity of infection (MOI) of 10
and the cells were incubated with shaking (120 rpm) at 37 °C and 5% CO; for 6 hours. The
cells were then harvested and pelleted by low speed centrifugation (500 x g, 5 min). The
transduction medium was removed and replaced with 10 mL of fresh CHO-S medium
(Invitrogen) supplemented with GlutaMax (50 mL/liter) and transferred to a T-25 flask.
Three days post infection, blasticidin (Invitrogen) was added to the growth medium at a
concentration of 1 pg/mL. The medium was changed regularly at 3-4 day intervals, and the
cells were transferred to a T75 flask for expansion. Two weeks after the initial infection, the
cells were expanded to shaker flasks and maintained in culture using medium containing 1
pg/mL blasticidin. F204P-PH20 protein secreted into the CHO-S medium was collected and
purified by affinity chromatography using an anti-rHuPH20 affinity column as described in
Example 6. The protein was prepared in standard API buffer (10 mM Histidine, 130 mM
NaCl, pH 6.5).

EXAMPLE 13
ANALYSIS OF SECONDARY STRUCTURE AND MELTING TEMPERATURE

The secondary structure and melting temperature of the PH20 variant F204P was
tested and compared to wild-type rHuPH20 (generated as described in Example 1) to further
assess stability of the variant. The secondary structure was tested by circular dichroism. A
Jasco J-810-150S equipped with PTC-424S was employed for the CD spectral measurement
and the CD spectra were collected by Spectra Manager (Version 1.5, Jasco). Procedures for

instrumental set up and data collection are described in Table 24.

Table 24: CD Spectroscopy Operation Conditions

Parameters Conditions
Nitrogen flow rate 25 ft*/h
Sample temperature 30-75°C
Sample concentration Approx. 0.1 mg/mL
Cell pathlength 1 mm
Wavelength 220 nm
Data pitch 1°C
Delay time 60 seconds
Temperature slope 1 °C/min
Sensitivity standard
Response 4 seconds
Band width 1 nm
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1. Sample Preparation and Measurement

Two hundred (200) pL of a 0.1 mg.mL protein sample diluted in Mcllvaine’s buffer
(Mcllvaine (1921) JBC 49:183) adjusted to pH 6.5 were prepared. A serics of samples of the
F204P variant were also generated that varied in pH by adjustment using Mcllvaine’s buffer
to a pH range from 5.0 to 7.5 as set forth in Table 25. In addition, samples also were
generated by adjusting the NaCl concentration to 17.5 mM to 140 mM as sct forth in Table
26. Samples were filtered using a 0.2 um syringe filter prior to measurement. Similar
samples were generated for tHuPH20. Then, 200 puL samples were transferred to a
rectangular cuvetted having a 1 mm width and seated on Jasco J-810 spectropolarimeter. CD
spectra of the samples were collected under the conditions described in Table 20. The
melting temperature (Tm) was calculated using Spectra Manager (v 1.5, Jasco) from the CD
spectral intensity measured at the temperature range from 30 °C to 75 °C. The cuvettes were
cleaned by Chromerge® cleaner (C577-12, Fisher scientific) between individual sample

loading and after the run.

Table 25: Sample pH and concentration

Target pH Actual pH F204P (uL) Buffer (uL) F204P
concentration
(mg/mL)
5.0 4.92 25 175 0.1
5.5 5.38 25 175 0.1
6.0 5.99 25 175 0.1
6.5 6.49 25 175 0.1
7.0 7.00 25 175 0.1
7.5 7.5 25 175 0.1

Table 26: Sodium Concentration in Samples at pH 6.5

Target NaCl NaCl, 2.8 M F204P (uL) Buffer at pH F204P
concentration (unL) 6.5 (uL) concentration
(mM) (mg/mL)
17.5 0.00 25 175 0.1
50.0 2.32 25 172.7 0.1
75.0 4.11 25 170.9 0.1
100.0 5.89 25 169.1 0.1
140.0 8.75 25 166.3 0.1
2. Results

The results show that the secondary structure of F204P is similar to rHuPH20. As a
function of temperature, circular dichroism showed that a change in the absorption was
measured with increasing temperatures. As a function of pH, the Ty, distribution was closely
comparable for both F204P and rHuPH20 and the highest Tw for each was obtained between
pH 5.5 and pH 6.0. The results, however, showed that Tr, of the F204P variant was
approximately 9 °C higher at all tested ranges than wildtype rHuPH20. This result indicated

that the F204P mutant is more stable against thermal stress conditions. As a function of salt,
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the results show that the F204P and wildtype rHuPH20 both exhibited an increasing Ty with
higher salt concentration, showing that both have a proportional inclination toward salt
concentration.
Example 14
Assessment of Enzymatic Activity In an Intradermal Trypan Blue Dispersion Assay
Spreading activity of the PH20 variant F204P was assessed using a dye dispersion in

vivo assay. Briefly, purified PH20 variant F204P (prepared as described in Example 12) and
wild-type rHuPH20 (prepared as described in Example 1) were both formulated in API buffer
(10 mM Histidine, 130 mM NaCl, pH 6.5) at a concentration of 10,000 U/mL. The stocks
were further diluted to three target concentrations of 1000, 100 and 10 U/mL by serial 1:10
dilutions in API buffer. Purified proteins (either rHuPH20 or F204P-PH20) were diluted 1:1
with 0.4% Trypan Blue (0.4% liquid solution; Catalog No. 15250, Invitrogen) to give a final
concentration of 5, 50 and 500 U/mL protein, each containing 0.2% trypan blue. A vehicle
control (API buffer) also was prepared. Forty-two (42) female NCr nu/nu homozygous mice

were used in the study with six mice used per group as set forth in Table 27.

TABLE 27: Summary of Treatment Groups for Dye Dispersion Study

Group | No. of Test Article Final Dose with Trypan Injection
Mice Trypan Blue Blue Volume

(Units/mL) (mL)

1 6 Control 0 0.2% 0.04

2 6 rHuPH20 5 0.2% 0.04

3 6 rHuPH20 50 0.2% 0.04

4 6 rHuPH20 500 0.2% 0.04

5 6 F204P-PH20 5 0.2% 0.04

6 6 F204P-PH20 50 0.2% 0.04

7 6 F204P-PH20 500 0.2% 0.04

Forty (40) uL of samples were administered by a single intradermal injection. The
arca of dye dispersion was measured at 2.5, 5, 10, 15 and 20 minutes post-injection and was
recorded by photographic imaging by photograph of the injection site with a Nikon D90
digital camera with 60 mm prime micro-lens. A laser distance meter (Leica D3) was used to
accurately position the camera at a pre-determined distance from the Trypan Blue dye area on
the animal. The area of the dye was determined using Image-Pro Analyzer 7.0
(MediaCybernetics, Inc). The calculated areas were expressed as mm?2,

The results are set forth in Table 28. The results showed that the dispersion activity of
the PH20 variant F204P was substantially identical to the dispersion activity of rHuPH20. The
ability to increase the area of dye dispersion was dose-dependent, with both proteins having
greatest activity at 500 U/mL. The results also showed that the area of dye dispersion increased
with time post-intradermal injection. The areas of dye dispersion of rtHuPH20 and F204P-PH20
were significantly greater than the areas of dye dispersion for the controls (p<<0.05) at all time

points when formulated at all concentrations (5, 50 and 500 U/mL) with the exception of
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rHuPH20 at the lowest concentration (5 U/mL). When compared to each other, rtHuPH20 and
F204P-PH20 showed similar dispersion effects, although there was a significant difference in
dispersion between the two groups at 5 U/mL and 500 U/mL but not at 50 U/mL. In sum, the
results show that both rHuPH20 and F204P-PH20 provided a statistically significant increase

in the area of dye dispersion compared to the vehicle control.

TABLE 28: Trypan Blue Dispersion
Group Area (mm2)
Avg. (n=6) 2.5 min 5 min 10 min 15 min 20 min
I: Control | 2744 3816 43714212 | 45704238 | 4877+2.14
2.81 3.33
2: tHuPH20 | 36.68 + 4231+
(5 U/mL) 283 257 4541 £2.75 | 46.72 +£3.35 4961 +2.97
3: rtHuPH20 | 39.24 + 44.90 + "
(50 U/mL) 1.20 1 44 4696 £1.70 | 50.08 £2.07 53.50+1.59
4: fHuPH20 | 44.72 + 5021«
(500 U/mL) | 135 192 5747+£129 | 59.77+1.25 57.17+3.28
5: F204P 39.65+ 46.09 £+
(5 U/mL) 153 273 4807 £1.43 | 52.54+2.01 54.11+1.01
6: F204P 38.10+ 47.07 £
(50 U/mL) 192 212 5148 +£2.14 | 5524+1.90 58.34 +2.89
7: F204P 46.58 + 54.06 =
(500 U/mL) | 1.67 252 5896+ 185 (6437172 6444 +£2.17
Example 15

Assessment of Enzymatic Activity By Dermal Barrier Reconstitution
Activity of F204P-PH20 was assessed and compared to rHuPH20 to measure the

amount of time required for the dermal barrier to reconstitute itself after intradermal
hyaluronidase administration. Dermal reconstitution was evaluated by comparing the
duration of the hyaluronidase spreading activity as assessed by monitoring the area of
diffusion of 0.4% Trypan Blue over time. The proteins used in the study were purified PH20
variant F204P (prepared as described in Example 12) and wild-type rtHuPH20 (prepared as
described in Example 1) that were both formulated in API buffer (10 mM Histidine, 130 mM
NaCl, pH 6.5). Vehicle (API buffer) was used as a control. Male NCr nu/nu homozygous
mice were used in the study with three animals per time point for a total of fifteen mice used

per group as set forth in Table 29.

Petitioner Merck, Ex. 1002, p. 345

TABLE 29: Summary of Treatment Groups for Dermal Barrier Reconstitution Study
Group No. of Time Points Test Article Final Dose Injection
Mice (h) (Units/mL) Volume
(mL)
1 15 0.5,1,4,24, Control 0 0.04
48
2 15 0.5,1,4,24, rHuPH20 100 0.04
48
3 15 0.5, 1,4,?24, F204P 100 0.04
48
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All mice received two intradermal doses of vehicle control or rtHuPH20 or F204P-
PH20 at 100 U/mL in 0.04 mL at study time 0. The same control or test article was injected
on the opposing lateral sides of each animal (right, R; left, L). Injection sites were marked
with a permanent marker. Trypan Blue Stain (0.4% liquid solution; 15250, Invitrogen) was
administered at a volume of 0.04 mL by intradermal injection at the same injection site at 0.5,
1, 4, 24 and 48 hours post-injection of test article or control. At 5 and 20 minutes post-
injection of the Trypan Blue Stain, the arca of the dye at the injection site was measured by
digital imaging of the region as described in Example 14.

The results are set forth in Table 30. The results show that when the area of dye
dispersion was measured at various time points after administration of the test article or
control, there was a statistically significant increase in the area of dye dispersion at 30 min
and 1 hour post-injection of rHuPH20 or F204P-PH20. By 4 hours post-administration of the
enzymes, however, there was not a statistically significant increase in the area of dye
dispersion compared to control. In addition, no statistically significant differences in the area
of dye dispersion was observed between the rHuPH20 and F204P-PH20 treatment groups.
Therefore, the duration of the spreading activity of rHuPH20 and F204P were similar and
show that rHuPH20 and F204P-PH20 have comparable in vivo performance.

TABLE 30: Dermal Reconstitution

time min Vehicle rHuPH20 F204P-PH20
Point post-
injection
30 5 49 96 £ 2.05 80.84 + 8.03 80.76 + 4 46
20 64.42 +2.49 94 .55+ 7.09 95.75+5.18
1 hour 5 58.01 £3.21 82.56 £ 6.40 77.11+3.18
20 65.19+6.21 96.19 + 6.39 91.45+1.73
4 hour 5 52.10 £3.47 67.19 £2.39 67.33+3.93
20 57.69+392 81.15+4.45 82.21+4.14
24 hour 5 49 87 +£3.25 59.01 £2.15 54.91 +3.54
20 57.15+347 67.65+227 62.91 £330
48 hour 5 53.64 £2.99 53.53 +£4.88 55.64+7.19
20 61.57+4.02 6633 +4.12 63.11 +597
Example 16

In Vivo Pharmacokinetics of F204P-PH20 Compared to rHuPH20

The pharmacokinetics (PK) of rHuPH20 and F204P-PH20 were compared following
intravenous tail-vein administration by measuring the plasma hyaluronidase levels over time
after administration. The proteins used in the study were purified PH20 variant F204P
(prepared as described in Example 12; batch concentration 1.02 mg/mL) and wild-type
rHuPH20 (prepared as described in Example 1; batch concentration 0.95 mg/mL) formulated
in API buffer (10 mM Histidine, 130 mM NaCl, pH 6.5). The proteins were prepared at a
concentration of 0.087 mg/mL in API buffer for a dose volume of about 5 mL. An animal

that was not administered with protein was used a control (pre-dose control). Forty two (42)
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male CD-1 mice (~ 20-30 grams) were used in the study with six animals per treatment group

as set forth in Table 31.

TABLE 31: Pharmacokinetics of Single Intravenous Dose of rHuPH20 or F204P-
PH20
Group number of Test Article Dose Dose Euthanasia
animals (No.) (mg/kg) Volume
(mL/kg)
1 6 (Nos. 1-6) | no treatment N/A N/A pre-dose
2 6 (Nos. 7-12) rHuPH20 0.433 5 1 min
3 6 (Nos. 13-18) rHuPH20 0.433 5 5+ 1 min
4 6 (Nos. 19-24) rHuPH20 0.433 5 10 & 2 min
5 6 (Nos. 25-30) | F204P-PH20 0.433 5 1 min
6 6 (Nos. 21-36) | F204P-PH20 0.433 5 5+ 1 min
7 6 (Nos. 37-42) | F204P-PH20 0.433 5 10 & 2 min

Mice were intravenously administered 0.433 mg/kg rHuPH20 or F204P-PH20 by tail
vein injection. Blood samples were obtained from animals 1 minute, 5 minutes and 10
minutes post-administration. Blood samples were obtained by terminal bleed (cardiac
puncture) and collected into blood collection tubes containing the anti-coagulant EDTA for
the preparation of plasma. Blood samples were centrifuged at 500 g for 10 minutes and the
plasma removed and frozen at -80° C until assessment of hyaluronidase activity using the
microturbidity assay described in Example 8.

The results are set forth in Table 32. The results show that hyaluronidase activity is
detected in plasma prior to treatment with the hyaluronidase. Within 1 minute post-treatment
with either rHuPH20 or F204P-PH20 hyaluronidase, there is a detectably high amount of
hyaluronidase activity present in the plasma, which is similar between both treatment groups.
Over time, the hyaluronidase activity rapidly decreases for both treatment groups, although
there is detectably hyaluronidase activity present in the plasma 10 minutes post-
administration. At the 5 minute and 10 minute post-administration time points, activity in the
plasma in animals treated with F204P-PH20 is greater than in animals treated with rHuPH20.
This shows that F204P-PH20 exhibits somewhat greater activity for a prolonged time period,
and therefore exhibits greater half-life in vivo than rHuPH20.

Table 32: rHuPH20 and F204P-PH20 Activity (U/mL) in Mouse Plasma K2EDTA
Time Point (min)
Predose 1 minute 5 minute 10 minute
Protein Animal U/mL Animal U/mL Animal | U/mL | Animal | U/mL
No. No. No. No.
rHuPH20 1 BQL 7 2352 13 18.3 19 3.76
2 BQL 8 13.5 14 7.70 20 3.70
—-323—
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3 9 278 15 8.85 21 2.64
4 10 328 16 10.5 22 2.70
5 11 356 17 12.8 23 2.36
6 12 287 18 18.0 24 2.80
F204P- 1 BQL 25 249 31 48.0 37 11.5
PH20
2 BQL 26 223 32 21.6 38 11.4
3 BQL 27 246 33 38.4 39 10.1
4 BQL 28 246 34 38.6 40 12.2
5 BQL 20 0.696 35 38.2 41 10.8
6 BQL 30 257 36 28.5 42 10.2

BQL — Below Quantifiable Limit < 0.625 U/mL with minimum required dilution
2 - Hemolyzed

Since modifications will be apparent to those of skill in this art, it is intended that this

invention be limited only by the scope of the appended claims.

324
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WHAT IS CLAIMED:

1. A modified PH20 polypeptide, comprising one or more amino acid
modifications in an unmodified PH20 polypeptide, wherein:

the unmodified PH20 polypeptide consists of the amino acid sequence selected
from among SEQ ID NOs: 3, 7 and 32-66;

amino acid modifications are selected from among amino acid
replacements(s), deletion(s), and/or insertion(s);

the modified PH20 polypeptide comprises an amino acid replacement at a
position corresponding to residue 317, with reference to amino acid positions set forth
in SEQ ID NO:3;

the replacement at the position corresponding to residue 317 is selected from
among A, I, K, M, Q, and R;

corresponding amino acid positions are identified by alignment of the PH20
polypeptide with the polypeptide having the amino acid sequence of SEQ ID NO:3;
and

the modified PH20 polypeptide has at least 91% sequence identity to a
polypeptide having the amino acid sequence selected from among SEQ ID NOs: 3, 7
and 32-66.

2. The modified PH20 polypeptide of claim 1, wherein the modified
PH20 polypeptide has at least 95% sequence identity to the amino acid sequence
selected from among SEQ ID NOs: 3, 7, and 32-66.

3. The modified PH20 polypeptide of claim 1 that has increased
resistance to or stability in denaturing conditions compared to an unmodified PH20
polypeptide that does not contain the amino acid modification(s).

4. The modified PH20 polypeptide of claim 1 that exhibits increased
hyaluronidase activity compared to the unmodified PH20 polypeptide not containing

the amino acid replacement at position 317.

5. The modified PH20 polypeptide of claim 1 that is a soluble PH20
polypeptide.
6. The modified PH20 polypeptide of claim 1, wherein the replacement at

the position corresponding to residue 317 is Q.
7. The modified PH20 polypeptide of claim 1, wherein the replacement at

the position corresponding to residue 317 is K.
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8. The modified PH20 polypeptide of claim 1, wherein the unmodified
PH20 polypeptide comprises the amino acid sequence selected from among SEQ ID
NOs: 3 and 32-66.

9. The modified PH20 polypeptide of claim 1, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence selected from among SEQ ID
NOs: 3 and 32-66.

10. The modified PH20 polypeptide of claim 6, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence selected from among SEQ ID
NOs: 3 and 32-66.

11. The modified PH20 polypeptide of claim 1, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence of SEQ ID NO:35.

12. The modified PH20 polypeptide of claim 1, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence of SEQ ID NO:32.

13. The modified PH20 polypeptide of claim 6, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence of SEQ ID NO:35.

14. The modified PH20 polypeptide of claim 6, wherein the unmodified
PH20 polypeptide consists of the amino acid sequence of SEQ ID NO:32.

15. The modified PH20 polypeptide of claim 1, comprising the sequence
of amino acids set forth in any of SEQ ID NOs: 604-606, 608, and 609, or a sequence
of amino acids that exhibits at least 91% sequence identity to the sequence of amino
acids set forth in any of SEQ ID NOs: 604-606, 608, and 609, and that contains an
amino acid replacement at the residue corresponding to residue 317 with reference to
SEQ ID NO:3.

16. The modified PH20 polypeptide of claim 1, comprising the sequence
of amino acids set forth in SEQ ID NO:608 or a sequence of amino acids that exhibits
at least 91% sequence identity to the sequence of amino acids set forth in SEQ ID
NO:608 and that contains the amino acid replacement Q at the residue corresponding
to residue 317 with reference to SEQ ID NO:3.

17. The modified PH20 polypeptide of claim 1 that comprises one or more
modifications of the polypeptide selected from among glycosylation, sialylation,
albumination, farnesylation, carboxylation, hydroxylation, and phosphorylation.

18. The modified PH20 polypeptide of claim 1 that is glycosylated.
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19. The modified PH20 polypeptide of claim 18, wherein the polypeptide
is a glycoprotein that comprises an N-acetylglucosamine moiety linked to each of at
least three asparagine (IN) residues.

20. The modified PH20 polypeptide of claim 1 that is conjugated to a
polymer.

21. The modified PH20 polypeptide of claim 20, wherein the polymer is
dextran or polyethylene glycol (PEG).

22. The modified PH20 polypeptide of claim 1, further comprising a
heterologous signal sequence, wherein the unmodified PH20 polypeptide consists of
the amino acid sequence selected from among SEQ ID NOs: 3 and 32-66.

23. A chimeric polypeptide, comprising the modified PH20 polypeptide of
claim 1.

24, A pharmaceutical composition, comprising the modified PH20
polypeptide of claim 1.

25. The modified PH20 polypeptide of claim 6, wherein:

the unmodified PH20 polypeptide consists of the amino acid sequence of SEQ
ID NO:32; and

the amino acid sequence of the modified PH20 polypeptide has at least 95%
sequence identity to the amino acid sequence of SEQ ID NO:32.

26. The modified PH20 polypeptide of claim 6, wherein:

the unmodified PH20 polypeptide consists of the amino acid sequence of SEQ
ID NO:35; and

the amino acid sequence of the modified PH20 polypeptide has at least 95%
sequence identity to the amino acid sequence of SEQ ID NO:35.

27. The pharmaceutical composition of claim 24, further comprising a
therapeutically active agent formulated in the same composition or in a separate
composition.

28. The pharmaceutical composition of claim 27, wherein the
therapeutically active agent is a polypeptide, a protein, a nucleic acid, a drug, a small
molecule, or an organic molecule.

29. The pharmaceutical composition of claim 27, wherein the
therapeutically active agent is selected from among a chemotherapeutic agent, an
analgesic agent, an anti-inflammatory agent, an antimicrobial agent, an amoebicidal

agent, a trichomonacidal agent, an anti-Parkinson agent, an anti-malarial agent, an
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anticonvulsant agent, an anti-depressant agent, an antiarthritics agent, an anti-fungal
agent, an antihypertensive agent, an antipyretic agent, an anti-parasite agent, an
antihistamine agent, an alpha-adrenergic agonist agent, an alpha blocker agent, an
anesthetic agent, a bronchial dilator agent, a biocide agent, a bactericide agent, a
bacteriostat agent, a beta adrenergic blocker agent, a calcium channel blocker agent, a
cardiovascular drug agent, a contraceptive agent, a decongestant agent, a diuretic
agent, a depressant agent, a diagnostic agent, an electrolyte agent, a hypnotic agent, a
hormone agent, a hyperglycemic agent, a muscle relaxant agent, a muscle contractant
agent, an ophthalmic agent, a parasympathomimetic agent, a psychic energizer agent,
a sedative agent, a sympathomimetic agent, a tranquilizer agent, a urinary agent, a
vaginal agent, a viricide agent, a vitamin agent, a non-steroidal anti-inflammatory
agent, an angiotensin converting enzyme inhibitor agent, and a sleep inducer.

30. The pharmaceutical composition of claim 27, wherein the
therapeutically active agent is an antibody.

31. A method for treating a hyaluronan-associated disease or condition,
comprising administering to a subject a modified PH20 polypeptide of claim 1.

32. The method of claim 31, wherein the hyaluronan-associated disease or
condition is an inflammatory disease or a tumor or cancer.

33. The method of claim 32, wherein the hyaluronan-associated disease or
condition is a solid tumor.

34. The modified PH20 polypeptide of claim 1 that is modified by
conjugation to a moiety selected from among a multimerization domain, a toxin, a
detectable label, and a drug.

35. The modified PH20 polypeptide of claim 34, wherein the modified
PH20 polypeptide is conjugated to a multimerization domain that is an Fc domain.

36. The modified PH20 polypeptide of claim 1 that is C-terminally
truncated, whereby the polypeptide is soluble.
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ABSTRACT
Modified PH20 hyaluronidase polypeptides, including modified polypeptides
that exhibit increased stability and/or increased activity, are provided. Also provided

are compositions and formulations and uses thereof.
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