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MaterialsH(yellowH=HprobablyHdon'tHhaveHandHneedHtoHbuy,HgreenH=HprobablyHdon'tHhaveHbutHshouldHbeHeasyHtoHscavenge)H

REAGENTS% EQUIPMENT%
Extraction%
1)HSilkHcocoonsH(TajimaHShojiHorHequivalent)H

H

2)HSodiumHcarbonateH(SigmaGAldrich,Hcat.Hno.H451614,H

http://www.sigmaaldrich.com/)H

H

3)HUltrapureHwaterH

H

4)HLithiumHbromideH(LiBr,HSigmaGAldrich,Hcat.Hno.H

213225,Hhttp://www.sigmaaldrich.com/)H

Extraction%
1)HTitaniumHscissorsH

2)HSmallHandHLargeHstirHbarsH

3)HSpatulaH

4)HGlassHbeakersH(50Hml,H1L,HandH2L)H

5)HPlasticHbeakerH(2HL)%
6)HAluminumHfoilH

7)HHotHplateH

8)HSmall,HMedium,HandHLargeHweighHboatsH

9)HAnalyticalHbalanceH

10)HHotHhandHprotectorsH

11)HGraduatedHcylinderH(50Hml)H

H

12)HSlideGAGLyzerHdialysisHcassetteH3500HMWCO,H

3–12HmlHcapacityH(ThermoHScientific,H

cat.Hno.H66110,Hhttp://www.fishersci.com/)H

H

13)HDialysisHcassetteHbuoyH(ThermoHScientific,Hcat.Hno.H

66432,Hhttp://www.H

fishersci.com/)H

H

14)HSyringeH(20Hml;HBDHMedical,Hcat.Hno.H309661,H

http://www.fishersci.com/)H

H

15)HNeedlesH(18G)H

H

16)HConicalHtubesH(50Hml)H

17)HCentrifugeHH

H

18)HFixedGangleHrotorH(Eppendorf,Hcat.Hno.H022637207,H

http://www.fishersci.com/)H<Gcentrifuge?H

H

19)HLyophilizerH(optional:HuseHonlyHifHlyophilizedHsilkHisH

required,HLabconco,Hcat.Hno.H7751030,H

http://www.fishersci.com/)H

H

20)HFreezerH(H−H80H°C;Hoptional:HuseHonlyHifHlyophilizedHsilkH

isHrequired)H

21)HKimwipes%
Concentrating%silk%fibroin%
1)HFibroinHsolutionH(7–8%,Hwt/vol);HPROCEDUREHStepH22)H

H

2)HPEGH(10,000HMW,HSigmaGAldrich,Hcat.Hno.HP6667,H

http://www.sigmaaldrich.com/)H

H

Concentrating%silk%fibroin%
1)HSyringesH(3mlHandH10Hml)H

H

2)HNeedlesH(18G)H

H

3)HSlideGAGLyzerHdialysisHcassetteH(0.5–3.0Hml;HThermoH



3)HUltrapureHwaterH Scientific,Hcat.Hno.H66330,Hhttp://www.fishersci.com/)H

H

4)HBeakersH(100HmlHandH1L)H

5)HLargeHstirHbarH

H

6)HSmallHdialysisHcassetteHbuoyH(ThermoHScientific,Hcat.H

no.H66430,Hhttp://www.fishersci.com/)H

H

7)HAluminumHfoilH

8)HMicrocentrifugeHtubesH

Silk%films%
1)HAqueousHsilkHsolution,H8%H(wt/vol)H

Silk%Films%
1)HPetriHdish,Hnon–tissueHcultureHtreatedH(100Hmm)H

2)HTweezersHH

3)HVacuumHdesiccatorH

Electrospinning%
1)HAqueousHsilkHsolution,H8%H(wt/vol)H

H

2)HPolyethyleneHoxideH(PEO,H900HkDa;HSigmaGAldrich,Hcat.H

no.H189456,H

http://www.sigmaaldrich.com/)H

H

3)HUltrapureHwaterH

H

4)HMethanolH

Electrospinning%
1)HGlassHscintillationHvialsH(20Hml)H

2)HSmallHstirHbarH

3)HHotHplateH

4)HSyringeH(10Hml)H

H

5)HBluntGtipHneedleH(16Hgauge),HMcMasterGCarr,Hcat.Hno.H

75165A552,Hhttp://www.mcmaster.com/)H

H

6)HSyringeHpumpH(FisherHScientific,Hcat.Hno.H14G831G200,H

http://www.fishersci.com/)H

H

7)HHighHvoltageHsupplyH(GlassmanHSeriesHEH,Hcat.Hno.H

EH30P3,Hhttp://www.glassmanhv.com/)H

H

8)HNonstickHaluminumHfoilH(ReynoldsHWrap)H

H

9)HReciprocatingHshakerH(MaxQ,HThermoHScientific,Hcat.H

no.H11G675G152,Hhttp://www.fishersci.com/)H

H

10)HInsulatedHelectricalHwireH

H

11)HAlligatorHclipsH(McMasterGCarr,Hcat.Hno.H7236K252,H

http://www.mcmaster.com/)H
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ProtocolsH

Fibroin'extraction'� TIMING'2.5'h'active,'overnight'drying'(day'1)'
'
1|'Prepare!a!2(liter!glass!beaker!filled!with!2!liters!of!ultrapure!water,!cover!it!with!aluminum!foil!and!heat!
until!boiling.!
! !!CAUTION'Do!not!leave!the!beaker!unattended!while!heating!and!boiling.!Because!of!high!
! temperatures,!plastic!beakers!should!not!be!used.!
'
2|'Meanwhile,!cut!cocoons!with!titanium!scissors!into!dime(sized!pieces!and!dispose!of!silkworms.!Measure!
out!5!g!of!cocoon!pieces!into!a!large!weigh!boat.!
'
3|'Measure!4.24!g!of!sodium!carbonate!in!a!medium!weigh!boat.!
'
4|'Add!the!measured!sodium!carbonate!to!the!water!and!let!it!completely!dissolve!(to!prepare!a!0.02!M!
solution!of!Na2SO3).!
! !!CAUTION'If!water!is!boiling,!add!sodium!carbonate!slowly!to!avoid!boiling!over.!
'
5|'Add!the!cocoon!pieces!once!the!water!starts!to!boil!and!continue!boiling!for!30!min.!Occasionally,!stir!with!
a!spatula!to!promote!good!dispersion!of!fibroin.!
� �CRITICAL'STEP'To!increase!reproducibility,!boil!for!exactly!30!min!every!time.!If!boiling!for!
! longer!or!shorter!times,!indicate!this!on!the!batch!label.!Increasing!the!boiling!time!will!degrade!
! the!fibroin.!
'
6|'Remove!the!silk!fibroin!with!a!spatula!and!cool!it!by!rinsing!in!ultrapure!cold!water.!Squeeze!excess!water!
out!of!the!silk.!Discard!the!sodium!carbonate!solution!in!the!sink.!
! !!CAUTION'Silk!fibroin!and!solution!will!be!hot;!use!hand!protectors.!
'
7|'Place!fibroin!in!a!1(liter!beaker!filled!with!1!liter!of!ultrapure!water!and!a!stir!bar.!
! !!CAUTION'If!you!are!using!a!plastic!beaker,!ensure!that!the!hot!plate!has!cooled.!
'
8|'Rinse!the!fibroin!in!water!for!20!min!while!gently!stirring!on!a!stir!plate.!
!
9|'Repeat!Steps!7!and!8!twice!for!a!total!of!three!rinses.!!

10|'After!the!third!wash,!remove!the!silk,!squeeze!it!well!and!then!spread!it!out!on!a!clean!piece!of!aluminum!
foil.!

11|'Allow!the!silk!fibroin!to!dry!in!a!fume!hood!overnight.!
� �PAUSE'POINT'Degummed!silk!fibroin,!in!which!the!sericin!has!been!removed,!can!be!stored!
! indefinitely!at!room!temperature.!For!long(term!storage,!place!it!in!a!clean!plastic!bag!or!wrap!it!in!
! aluminum!foil.!Be!sure!to!indicate!the!length!of!the!boiling!step!on!the!label.!
'
'
Dissolve'silk'fibroin'in'LiBr'� TIMING'4.5'h'(day'2)'
'
12|'Calculate!the!amount!of!9.3!M!lithium!bromide!needed!to!prepare!a!20%!(wt/vol)!solution!based!on!the!
amount!of!dried!fibroin!available.!As!20%!of!the!solution!will!be!silk,!80%!will!be!LiBr.!That!is,!a!ratio!of!1:4!(1!
g!to!4!ml)!silk!to!LiBr.!Therefore,!multiply!the!amount!of!the!dried!silk!fibroin!by!4!to!obtain!the!total!volume!
of!9.3!M!LiBr!needed!(X).!
'
'



'
13|'Prepare!a!9.3!M!LiBr!solution.!
! !!CAUTION'Adding!LiBr!to!water!results!in!an!exothermic!reaction;!be!mindful!of!the!heat!
! generated.!When!preparing!large!volumes,!we!recommend!carrying!this!out!on!ice.!
� �CRITICAL'STEP'LiBr!has!a!low!density!and!its!volume!should!be!taken!into!account!while!
! preparing!the!solution.!We!suggest!adding!only!60%!of!the!calculated!volume!of!water!and!then!
! bringing!the!solution!up!to!the!final!volume.!Stir!with!a!small!stir!bar.!
!
14|'Pack!silk!fibroin!tightly!into!a!50(ml!glass!beaker!and!add!the!required!amount!of!LiBr!solution!on!top.!
� �CRITICAL'STEP'The!LiBr!must!be!added!to!the!silk!rather!than!adding!silk!to!the!LiBr!so!that!
! the!silk!will!eventually!be!covered!and!dissolved!by!the!LiBr.!It!is!also!helpful!to!use!the!smallest!
! glass!container!that!will!still!hold!the!silk!and!LiBr!solution.!
'
15|'Let!fibroin!dissolve!in!an!oven!at!60°C!for!4!h.!Once!the!silk!fibroin!is!completely!dissolved,!it!will!appear!
amber!in!color!and!will!be!transparent.!Black!bits!from!the!silkworm!may!be!visible!but!will!be!removed!later.!
This!solution!will!be!highly!viscous!but!should!not!contain!any!intact!fibers,!as!determined!by!visual!
assessment.!
! ?!TROUBLESHOOTING'
'
'
Dialysis'and'centrifugation'� TIMING'49'h'(days'2–4)'
'
16|'Hydrate!dialysis!cassettes!in!water!for!a!few!minutes.!
'
17|'With!a!20(ml!syringe!and!an!18(gauge!needle,!insert!12!ml!of!the!silk(LiBr!solution!into!a!3–12(ml!dialysis!
cassette.!
� �CRITICAL'STEP'Be!careful!not!to!puncture!or!touch!the!dialysis!membrane.!The!solution!will!
! be!very!viscous,!and!this!step!will!be!easier!if!the!solution!is!kept!warm!before!adding!to!the!
! cassette.!It!is!important!to!avoid!shearing!the!solution!whenever!possible!to!avoid!the!induction!of!
! Β(sheet!within!the!silk.!Therefore,!only!use!the!needle!when!injecting!into!the!cassette.!Moreover,!
! have!an!additional!needle!and!insert!it!into!another!top!port!of!the!cassette!to!allow!air!to!escape.!
! Remove!the!extra!needle!once!all!the!air!has!been!purged.!
'
18|'Dialyze!against!1!liter!of!ultrapure!water!per!12!ml!cassette.!To!ensure!mixing,!use!a!large!stir!bar!and!
place!on!a!magnetic!stir!plate.!Change!the!water!after!1!h,!4!h,!that!evening,!the!next!morning!and!night,!as!
well!as!in!the!morning!on!the!following!day!(i.e.,!six!changes!within!48!h).!
'
19|'Remove!silk!from!the!cassettes!with!another!20(ml!syringe!and!an!18(gauge!needle.!Place!silk!in!a!50(ml!
conical!tube.!Depending!on!the!volume,!either!split!it!between!two!tubes!(if!more!than!40!ml)!or!fill!one!tube!
and!use!a!counterbalance!of!water.!
'
20|'Centrifuge!to!remove!impurities.!Place!in!a!centrifuge!and!spin!at!9,000!r.p.m.!(~12,700g)!at!4°C!for!20!
min.!
'
21|'Carefully!remove!tubes!from!the!centrifuge!and!either!pour!or!transfer!the!silk!solution!with!a!25!ml!
pipette!into!another!centrifuge!tube.!Be!sure!to!leave!any!white!flocculent!or!brown!matter!behind.!
'
22|'Repeat!Steps!20!and!21!again.!
'
23|'To!determine!the!concentration!of!the!silk!in!solution,!measure!the!weight!of!a!small!weigh!boat.!
Thereafter,!add!0.5!ml!of!the!silk!solution!to!the!boat!and!allow!it!to!dry!at!60°C.!Once!the!silk!is!dry,!
determine!the!weight!of!the!silk!and!divide!it!by!0.5!ml.!This!will!yield!the!weight!per!volume!percentage.!
� �CRITICAL'STEP'A!batch!of!5!g!of!silk!cocoons!generally!yields!25!ml!of!7–8%!(wt/vol)!silk!
! solution.!The!solution!will!be!tinted!yellow!but!should!be!relatively!clear!and!slightly!more!viscous!



! than!water.!If!there!are!impurities!such!as!white!flocculents!or!dark!particulates,!it!is!best!to!!re(
centrifuge!to!remove!them.!
� �PAUSE'POINT'The!silk!solution!can!be!stored!at!4!°C!for!at!least!a!month.!Depending!on!the!
! purity,!stored!silk!will!eventually!gel!but!gelation!times!will!vary.!Once!the!silk!has!gelled,!it!cannot!
! be!used!for!protocols!that!require!solution!and!therefore!another!batch!will!need!to!be!extracted.!
'
'
'
Lyophilization'and'Concentration'(optional)'
'
24|'The!fibroin!solution!(25!ml!at!concentration!7–8%!(wt/vol))!can!either!be!used!as!is!or!it!can!be!
lyophilized,(option,A)!or!concentrated,(option,B).!For!storage!for!longer!than!1!month,!the!silk!solution!should!
be!lyophilized.!In!this!form,!the!silk!will!be!stable!for!years!at!room!temperature!and!can!be!reconstituted!in!
HFIP.!The!concentrated!solution!(20–30%,!wt/vol)!can!be!used!directly!for!preparing!silk!tubes.!
!
(A)'Lyophilization'(optional)'� TIMING'3'd'
(i)!Divide!the!aqueous!silk!solution!into!50(ml!conical!tubes!with!no!more!than!20!ml!per!tube.!
!
(ii)!Place!vertically!in!a!−!80!°C!freezer!for!several!hours!until!the!solution!is!completely!frozen.!If!a!−80!°C!
freezer!is!not!available,!silk!can!also!be!frozen!at!−!20!°C!overnight!or!placed!in!liquid!nitrogen!until!the!
solution!is!frozen.!
!
(iii)!Fold!a!Kimwipe!over!the!top!of!the!tube!and!attach!with!either!a!rubber!band!or!tape.!Keep!caps!for!later!
use.!
!
(iv)!Place!frozen!samples!on!a!lyophilizer!for!2–3!d!until!all!of!the!water!is!removed!from!the!solution.!The!
tube!will!no!longer!feel!cold.!
!
(v)!Remove!from!lyophilizer,!cap!and!store!at!room!temperature!(20–25!°C).!
� �PAUSE'POINT'The!lyophilized!material!can!be!stored!at!room!temperature!indefinitely.!
'
'
(B)'Concentrating'silk'fibroin'(optional)'� TIMING'21–25'h'
Not!Included.!I!doubt!we!would!need!this.!!
!
!
!
25|'The!silk!fibroin!can!now!be!used!to!prepare!a!number!of!different!materials!(Fig.'1).!Using!the!
concentrated!solution!(prepared!in!Step!24B)!you!can!prepare!silk!tubes!by!either!a!simple!dip!method!to!
create!thin(walled!tubes!(option!A,!Fig.'3)!or!by!gel!spinning,!wherein!the!fibroin!is!extruded!onto!a!rotating!
mandrel!(option!B,!Fig.'4).!Alternatively,!silk!solution!may!be!used!to!prepare!hydrogels!via!vortexing,!
sonication,!electrical!current!or!pH!change!(options!C–F,!Fig.'5);!nonpatterned!or!patterned!silk!films!(options!
G!and!H,!Fig.'6);!silk!microspheres!using!the!DOPC!(option!I,!Fig.'7)!or!PVA!(option!J,!Fig.'8)!method;!
electrospun!silk!fibers!(option!K,!Fig.'9);!or!silk!sponges!that!are!either!aqueous(based!(option!L,!Fig.'10)!or!
HFIP(based!(option!M,!Fig.'11).!
!
!
'
'
'
'
'
'
'


