
 

 

INTRODUCTION 
We study early embryonic development in the chick embryo. Two 

morphogenetic changes occur between Hamburger & Hamilton (HH) 
Stages 11-15 [1]: the early embryo rotates, and a series of flexures form 
in the dorsal wall. The underlying forces causing these phenomena are 
not fully understood [2]. 

One hypothesis is that an asymmetry develops in the geometry or 
material properties of the neural tube, which drives flexure and torsion. 
Prior research has evaluated the mechanical properties of chicken 
embryos using flat indenters on sectioned embryonic neural tubes [3]. 
In order to probe the mechanical properties more thoroughly, it is 
necessary to perform indentation experiments using a technique which 
can precisely target various locations on the embryo with micron-level 
precision. In this paper, we discuss how atomic force microscopy 
(AFM) can be used to probe the material properties of the early neural 
tube (Figure 1A). 
 
METHODS 

Chicken embryos are harvested at Hamburger and Hamilton Stages 
10-15 [1], separated from the yolk, and examined in a Petri dish 
containing phosphate-buffered saline. The sample is fully submerged to 
protect the tissue and to mitigate surface tension effects. A coverslip 
serves as a rigid substrate, and filter paper holds the embryo in place. 
An AFM probe with a 10 μm diameter colloidal tip (sQube) is used to 
indent the neural tube of the chicken embryo (Figure 1A) in the stages 
immediately prior to and following rotation. Building on prior research 
which performed indentation on sectioned embryos [3], the embryos 
here are tested intact to minimize invasive procedures; however, the 
vitelline membrane, which covers the dorsal side of the embryo, is 
removed in order to improve access to the neural tube. The embryos 
remain submerged during the indentation process. To avoid interference 

with the indentation measurements, the heart is removed as necessary. 
The AFM-based indentation technique provides the unprecedented 
ability to evaluate mechanical properties at a scale of roughly 5 μm, 
permitting these properties to be mapped over various locations on the 
embryo. Force-distance curves (Figure 1B) are extracted and various 
measurements of mechanical properties can be computed, including the 
stiffness of the neural tube tissue. The stiffness is evaluated as the slope 
of the retraction portion of the force-distance curve to eliminate plastic 
effects (arrow in Figure 1B). 

 
RESULTS  

Indentation depths are typically observed to be on the order of 2-5 
μm, which is limited by the vertical range of travel of the AFM. This 
indentation depth corresponds with maximum loads on the order of 4-
20 nN. The force curves shown in Figure 1B were taken on the neural 
tube and are typical of several experiments. For this particular embryo, 
they indicate a stiffness of 7.3 ± 0.2 nN/μm, which is comparable with 
prior research [3]. 

As shown in Figure 2, the measured stiffness varies moderately 
across a single embryo. Figure 2 presents the stiffness data for the 8 
embryos investigated to date. On an embryo in which the vitelline 
membrane was not removed, the stiffness was found to be 
approximately one order of magnitude greater (data not shown). Using 
a glass coverslip as a substrate prevents rigid body translation and 
allows the stiffness of the sample to be evaluated directly after 
subtracting the compliance of the probe. 

 
DISCUSSION 

The greater stiffness observed in the present results (compared to 
previously-published results in [3]) likely occurs because, unlike the 
prior study, our procedure maintains an intact neural tube and its 

SB3C2021 
Summer Biomechanics, Bioengineering and Biotransport Conference 

June 14-18, Virtual 

PROBING THE MECHANICAL PROPERTIES OF CHICK EMBRYOS USING 
ATOMIC FORCE MICROSCOPY 

Joel A. Lefever (1), Jack L. Edson (1), Ashok Ramasubramanian (1) 

(1) Department of Mechanical Engineering 
Union College 

Schenectady, NY 12308, USA 

SB³C2021-188



)$$.10)%#'!3*#$$&*#! <#$%0,)%#'!)$!KR!J)! BXC=6!740$! $%0FF#/0/9!#FF#1%! 0$!
./+(! 3)*%0)++(! ,0%09)%#'! -(! %4#! $,)++#*! 0/'#/%#*E! 84014! $),3+#$! )!
$,)++#*!*#90./!.F!%0$$&#!)/'!%4#*#F.*#!#/1.&/%#*$!+#$$!*#$0$%)/1#6

"#$%&'! ()! *+,!+! -.#-/'0! '12&34! 56!77!865$'! (9:(;! 5<! 42<'&='>!
%<#0$! 4?6#-5@! 1#-&4<-4?3! ?&#4&! 64! +"A:25<'>! #0>'0656#40!
'B?'&#1'06<C! A5D4&! 4&$50<! 5&'! #0>#-56'>C! *E,! "#='! F4&-':
>#<?@5-'1'06! -%&='<! &'<%@6#0$! F&41! 5! <'&#'<! 4F! #0>'0656#40!
'B?'&#1'06<!#0!6.'!!1#>2&5#0!&'$#40!%<#0$!5!-4@@4#>5@!+"A!?&42'G!

F4&!6.'!'12&34!<.4H0!#0!*+,C!I.'!#0>'0656#40<!'B?'&#1'06<!<.4H0!
#0!*E,!H'&'!-40>%-6'>!56!6.'!@4-56#40!#>'06#F#'>!23!6.'!J!#0!*+,C

74#!2)*0)%0./!0/!$%0FF/#$$!$4.8/!0/!O09&*#!H!0$!+05#+(!1)&$#'!0/!3)*%!
-(! '0FF#*#/1#$! 0/! +.1)%0./E! %4#! #G)1%! $%)9#! .F! '#2#+.3,#/%! %4)%! #)14!
#,-*(.!8)$! 0/E! )/'! )+$.! 34($01)+! '0FF#*#/1#$! -#%8##/! %4#! #,-*(.$6!
_)14! -.G! )/'! 840$5#*! 3+.%! *#3*#$#/%$! ')%)! F*.,! -#%8##/! H! )/'! H?!
+.1)%0./$E!)$!$%)%#'!./!%4#!F09&*#W!)%!#)14!.F!%4.$#!+.1)%0./$!-#%8##/!K!
)/'!?`!$&11#$$F&+!0/'#/%)%0./$!8#*#!3#*F.*,#'6!_)14!.F!%4#!')%)!3.0/%$!
&$#'!0/!%4#!-.G!)/'!840$5#*!3+.%!0$!)/!)2#*)9#!F*.,!%4#$#!0/'#/%)%0./$!
)/'!%4#!$%)/')*'!'#20)%0./!80%40/!#)14!$&14!0/'#/%)%0./!$#%!0$!9#/#*)++(!
$,)++E!)$!#20'#/1#'!-(!%4#!,0/0,)+!$1)%%#*!0/!#)14!*#90./!0/!O09&*#!?<N=6

N!$%*./9 $#1./'@.*'#*!,#14)/01)+!*#$3./$#!8)$!.-$#*2#'!0/!$.,#!
0/'#/%$E!+05#+(!'&#!%.!F+&0'!F+.8!0/!%4#!J#%*0!'0$4!)/'!0/$0'#!%4#!/#&*)+!
%&-#6!740$!,#14)/01)+!*#$3./$#!)FF#1%$!%4#!+0/#)*!F0%!%4*.&94!84014!%4#!
$%0FF/#$$! 0$! 1)+1&+)%#'W! %4#! .&%+0#*$! 0/! O09&*#! H<U=! 1.**#$3./'! %.! %4#!
0/'#/%$!84#*#!)!$%*./9!$#1./'@.*'#*!,#14)/01)+!*#$3./$#!8)$!.-$#*2#'6

74#!,#%4.'.+.9(!'#$1*0-#'!4#*#!)++.8$!F.*!&/3*#1#'#/%#'!1./%*.+!
.2#*! %4#! +.1)%0./! .F! %4#! 0/'#/%)%0./W! 4.8#2#*E! 0%! 0$! /.%! 80%4.&%!
+0,0%)%0./$6!74#!0/'#/%)%0./!#G3#*0,#/%!0$!$&$1#3%0-+#!%.!#**.*!'&#!%.!%4#!
4#)*%-#)%E!84014! 1)//.%! -#! $%.33#'!80%4.&%! )/! 0/2)$02#! .3#*)%0./! %.!
*#,.2#!%4#!4#)*%!<84014!8)$!'./#!F.*!$.,#!.F!%4#!')%)!3.0/%$=!.*!-(!
$%.330/9!%4#!4#)*%!&$0/9!14#,01)+$!84014!,)(!)+$.!)FF#1%!%4#!,)%#*0)+!
*#$3./$#!<)!14#,01)+!0/40-0%.*!.F!4#)*%-#)%!8)$!/.%!&$#'!0/!%40$!$%&'(=6!
L/!%4#!3*#20.&$!$%&'( 80%4!84014!8#!1.,3)*#!.&*!')%)E!%4#!/#&*)+!%&-#!
8)$!$#1%0./#'!)/'!*#,.2#'!F*.,!%4#!#,-*(.E!#+0,0/)%0/9!%4#!4#)*%-#)%!
)$!)!1./1#*/!BKC6!_G3#*0,#/%$!,&$%!-#!1./'&1%#'!0/!%4#!3#*0.'!-#%8##/!
4#)*%-#)%$! )/'! 0%! 0$! /.%! 3.$$0-+#! %.! 1./F0*,!84#%4#*! )! 4#)*%-#)%! 4)$!
.11&**#'!#G1#3%!-(!1.,3)*0/9!$#2#*)+!0/'#/%$!F.*!&/0F.*,0%(6

U#1)&$#! %4#! ,)%#*0)+! 0$! 1.,3+0)/%! )/'! 4094+(! 20$1.#+)$%01E! 0%! 0$!
14)++#/90/9!.*!0,3.$$0-+#!0/!$.,#!1)$#$!%.!#G)1%+(!+.1)%#!%4#!3.$0%0./!)%!
84014! %4#! 0/'#/%#*! ,)5#$! 1./%)1%6! 74#*#F.*#E! 0%! 0$! 14)++#/90/9! %.!

3*#10$#+(!#2)+&)%#! %4#! 0/'#/%)%0./!'#3%4!%.!1.,3)*#!'0*#1%+(!80%4!BKC6!
"#!)+$.!/.%#!%4)%!.&*!0/'#/%#*!0$!$34#*01)+E!*)%4#*!%4)/!%4#!F+)%!3&/14!
&$#'! 3*#20.&$+(! BKCE! 84014! )+%#*$! %4#! 3*#'01%#'! ,#14)/01)+! *#$3./$#!
F*.,!+0/#)*!%.!)!3.8#*@+)8!*#+)%0./$4036

L/!.*'#*!%.!5##3!%4#!#,-*(.$!F*#$4E!8#!)%%#,3%!%.!'.!%4#!0/'#/%)%0./!
#G3#*0,#/%$! )$! M&015+(! )$! 3.$$0-+#6! :.8#2#*E! $.,#! '#9*)')%0./! 0$!
20$0-+#! 84#/! %4#! #,-*(.$! )*#! 0,)9#'! )F%#*! %4#! #G3#*0,#/%$! )*#!
1.,3+#%#'6!"#!/.%01#!/.!$%*./9!'0FF#*#/1#!0/!%4#!,#)$&*#'!$%0FF/#$$!.*!
0/'#/%)%0./!'#3%4!F*.,!%4#!-#90//0/9!%.!%4#!#/'!.F!%4#!#G3#*0,#/%$E!)/'!
%4#*#F.*#! -#+0#2#! %4)%! %40$! '#9*)')%0./! 4)$! ,0/0,)+! #FF#1%! ./! %4#!
,#)$&*#'!3*.3#*%0#$6

74#! #G3#*0,#/%)+! ,#%4.'$! '#$1*0-#'! 4#*#! 1)/! -#! #G%#/'#'! %.!
#2)+&)%#! %4#! ,#14)/01)+! 3*.3#*%0#$! )1*.$$! 2)*0.&$! +.1)%0./$! ./! %4#!
#,-*(.E!)/'!%.!'#%#*,0/#!84#%4#*!+.1)++(!$%0FF#*!.*!$.F%#*!*#90./$!)*#!
.-$#*2#'6!74#!*#$&+%$!.F!%40$!$%&'(!80++!4#+3!%.!#+&10')%#!%4#!F&/'),#/%)+!
,#14)/0$,$!'*020/9!#,-*(./01!F+#G0./!)/'!*.%)%0./6

"#$%&'!K)!*+,!+!<%115&3!4F!6.'!<6#FF0'<<'<!1'5<%&'>!#0!<#B!>#FF'&'06!
@4-56#40<!40!40'!'12&34!50>!*E,!5-&4<<!5!6465@!4F!LM!@4-56#40<!40!
'#$.6! '12&34<G! %<#0$! +"AC! I.'! -'06&5@! 15&/ &'?&'<'06<! 6.'!
1'>#50G H.#@'!6.'!64?!50>!246641!4F!6.'!24B'<!&'?&'<'06!6.' N;��

50>!K;�� ?'&-'06#@'<O!6.'!H.#</'&<!&'?&'<'06!6.'!&50$'!4F!6.'!>565G!
50>! -&4<<'<! &'?&'<'06! 4%6@#'&<C! P5-.! =5@%'! 4F! Q! $#='<! 6.'! 6465@!
0%12'&! 4F! @4-56#40<! 40! '5-.! <'-6#40! 4F! 6.'! 2&5#0! 56! H.#-.!

#0>'0656#40<!H'&'!?'&F4&1'>!5-&4<<!5@@!'12&34<C!I.'!6465@!0%12'&!
4F! #0>'0656#40<! #<!1%-.!.#$.'&C!I.'! #0>'0656#40!>565! #0 J%!'6!5@C!
H'&'!-4@@'-6'> %<#0$!5!-%<641!1#-&4#0>'0656#40!>'=#-'C

+RSQTUVPWXPAPQI8
74#! )&%4.*$! )15/.8+#'9#! F&/'0/9! F*.,! %4#! Y>O! <N8)*'!

a?`KbZKK=E!)/'!c6_6!)15/.8+#'9#$!)!$&,,#*!*#$#)*14!F#++.8$403!)/'!
$%&'#/%!*#$#)*14!9*)/%!F*.,!^/0./!Q.++#9#6

YP"PYPQRP8!!
B?C!:),-&*9#*E!d!;!:),0+%./E!:!eE!c6!P.*34E!]]DX`@`HE!?`A?6
BHC!f),)$&-*),)/0)/E!N!#%!)+6E!c!U0.,#14!_/96E!?X?D?@?HE!HR?`6
BKC!g&E!h!#%!)+6E!c!U0.,#14!_/9E!?KHDR??RRAE!HR?R6
BXC! c#+i/#5E!f!;!J#G0#'/#*E!7E!J4($0.+.90)!U.4#,.$+.2)1)E! ?ZDH`Zj
KRAE!?`b]6

Forebrain-1

Forebrain-2

Forebrain-3

Forebrain-4

Hindbrain-1

Hindbrain-2

Location

0

2

4

6

8

St
iffn

es
s (

nN
/

m
)(A)

SB!C2021-188




